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Methods: Pacific (n = 142) or NZE (n = 162) women aged 18–45 years with a self- reported 

body mass index of either 18.5–25.0 kg/m2 or !30.0 kg/m2 were recruited. Whole body dual-

energy X-ray absorptiometry was used to subsequently stratify participants as either low 

(<35%) or high (!35%) BF%. Eight-day accelerometery assessed PA and SB levels.!N%%0#6&!
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:9*!<#98)*M%*. of metabolic health, and whole body dual-energy X-ray absorptiometry was 

used to estimate body composition. Bulk DNA was extracted from faecal samples and the 

metagenomic sequences associated with the microbiota were analysed using MetaPhlAN and 

QIIME2 software. Adjusted multivariate regression models were conducted to explore the 

associations between PA, SB and diet, body composition and biomarkers of metabolic health, 

and between PA, SB and gut microbiota composition. 
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Measure  Description  Equipment 
required 

Strengths Limitations  Classification of obesity 

Body mass 
index (BMI) or 
Quatelet’s 
Index 

Ratio of height to weight 
squared. Calculated as 
weight (kg)/height2 (m) 
(Keys et al. 1972). 

Scales 

Stadiometer  

Simple, quick, non-invasive, 
cost-effective. 

At a population level 
correlates closely with the 
degree of body fat. 

Less appropriate when 
comparing ethnicities for whom 
the relationship between BMI 
and body fat % (BF%) varies  
(Hunma et al. 2016; Rush et al. 
2007).  

Inappropriate when using in 
athletic muscular populations as 
does not differentiate fat mass 
from lean body mass (Garrido-
Chamorro et al. 2009).  

WHO’s standardised cut 
points for; underweight 
(BMI < 18.5), normal 
weight BMI !18.5 and 
"24.9); overweight (BMI 
!25.0 and "29.9) and 
obesity (BMI !30.0) 
(World Health Organisation 
2021).  

Air 
Displacement 
Plethysmograp
hy (ADP) 

Measures the 
displacement of air, and 
uses an algorithm to 
determine BF% (von 
Hurst et al. 2016). 

BodPod chamber Quick, easy,  and relatively 
non-invasive (Harvard 
School of Public Health 
2022). 

Expensive (Harvard School of 
Public Health 2022). Relies on 
pressure temperature and  water/ 
sweat also humidity in lungs can 
induce error. Therefore, strict 
protocols must be adhered to, 
however, it is difficult to 
completely eliminate this error.   

A wide variety of BF% cut-
off points have been used 
varying between 30- 37% 
for women, and 20-30% for 
men (Fitch and Bays 2022; 
Oliveros et al. 2014). 

Bio electric 
impedance 
analysis (BIA) 

Estimates total body 
water, fat-free mass, and 
fat mass by measuring the 
resistance of the body as a 
conductor to a small 
alternating electrical 
current. The rate which 
the currents propagate 

Bioelectric 
impedance 
analyser 

Quick, easy to use, non-
invasive, portable. Some 
models have been shown to 
underestimate fat mass when 
compared to DXA and ADP 
(e.g. InBody 230) (von Hurst 
et al. 2016). 

 

The rate of propagation of the 
currents is influenced by 
hydration status which is 
difficult to control therefore, 
errors may occur in the results.  

The ratios of extra and 
intracellular water is altered in 
people with obesity, which may 

A wide variety of BF% cut-
off points have been used 
varying between 30- 37% 
for women, and 20-30%  
for men (Oliveros et al. 
2014) (Fitch and Bays 
2022). 
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Measure  Description  Equipment 
required 

Strengths Limitations  Classification of obesity 

allows calculation of  BF 
%. (Chumlea and Guo 
1994; Lukaski et al. 
1985). 

 

 

 

affect the results. Not well 
validated in people with obesity 
or who are overweight (Gray et 
al. 1989; Kushner et al. 1990).  

Equations to describe statistical 
associations are based on 
biological relationships for a 
specific population, therefore 
the equations are only useful for 
participants that closely match 
the body composition of the 
reference population.  

Skinfolds/ 

calliper testing   

 

Uses callipers to measure 
skin thickness at various 
regions of the body, and 
then an algorithm to 
calculate BF% (Harvard 
School of Public Health 
2022). 

Skinfold callipers 

metal 
anthropometric 
tape measure 

Portable, cost effective, 
quick (Harvard School of 
Public Health 2022). 

Requires a skilled trained 
operator. Possible examiner 
error and algorithm limitations.  

Limited use in overweight 
people or people with obesity as 
most skinfold callipers have an 
upper measurement limit of 45 
to 55 mm. In adults, BMI has a 
stronger statistical relationship 
between percent or total body fat 
than that of skinfolds (Roche et 
al. 1981). 

A wide variety of BF% cut-
off points have been used 
varying between 30- 37% 
for women, and 20-30% for 
men (Oliveros et al. 2014) 
(Fitch and Bays 2022). 

 

Dual-energy X-
ray 
absorptiometry 
(DXA) 

Uses a low dose of 
radiation to assess the 
density of tissue to 
quantify fat, lean and 
bone tissues (Harvard 

DXA scanner Provided the correct protocol 
is followed, a valid, accurate 
and reliable method for 
obtaining an actual measure 
of total BF% and distribution 
of fat in the body (von Hurst 
et al. 2016). It is highly 

Insensitive at high and low BF% 
(Williams et al. 2006). 

Expensive, requires specialist 
equipment and an operator. 
Requires hospital/clinic visits, 

A wide variety of BF% cut-
off points have been used 
varying between 30- 37% 
for women, and 20-30% for 
men (Oliveros et al. 2014) 
(Fitch and Bays 2022). 
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Measure  Description  Equipment 
required 

Strengths Limitations  Classification of obesity 

School of Public Health 
2022). 

By subdividing the body 
using specific well-
defined cut lines, regional 
body composition can be 
measured (von Hurst et al. 
2016).  

 

sensitive and user-friendly for 
the subject and operator.  

making it impractical for many 
(von Hurst et al. 2016).  

DXA software used to estimate 
fat and lean tissue is based on 
assumptions regarding levels of 
hydration, potassium content, or 
tissue density, these assumptions 
vary by manufacturer (Kohrt 
1995).  

Intra- and intermachine 
differences (Roubenoff et al. 
1993). 

Exposes the patient and operator 
to very small dose of radiation 
(von Hurst et al. 2016).  

 

Waist 
circumference 

Obtained by measuring th
e abdomen at one of the 
following locations, 
using : 
 

!! Narrowest part of 
the waist(Lohman 
et al. 1988) 

!! Midpoint between 
the lower margin 
of the least 
palpable rib and 
the top of the iliac 
crest(World 
Health 

metal 
anthropometric 
tape measure 

Quick, simple, inexpensive 
(Harvard School of Public 
Health 2022). 

Investigator-dependent (World 
Health Organisation 2008). 

Average :<94 cm men, <80 
cm women.  

Increased risk: 94-101 cm 
men, 80-87 cm women. 

Substantially increased  
risk: >102 cm men, >88 cm 
women 

 (World Health 
Organisation 2008). 

 



! ^G!

Measure  Description  Equipment 
required 

Strengths Limitations  Classification of obesity 

Organisation 
2008)  

!! Immediately 
above the iliac 
crest (Wang et al. 
2003) 

!! Level of the 
umbilicus 
(Rexrode et al. 
1998) 
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2>)<(%!^=^5=!>,%!$3C!#.!)!"QF+9#60!U#M%*0!./)(%!D#0,!1%*<)(!7%./*#+09*.;!)((9D#6&!#67#1#7')(.!09!

.'<f%/0#1%(-!*)0%!0,%#*!(%1%(!9:!%J%*0#96!7'*#6&!34!9*!%J%*/#.%!0%.0#6&=!

!

!

!

!

!

!



! ^V!

'

N/3*)4\F\4<.&'(-/*4/-,(H(,&48)E(;(,(+;'4/;84,)%2(;+*+A&4

>/03-- D/(','&'+,-

A.?%')*B-2)&'7'&?-TA2U- "#$%&'()&)#*%'+%$',-%.'/$%0-'/,1)/%.$%23)4)*54%&,214)%*65*%-)2,4*2%7#%5#%
7#1-)52)/%,2)%'+%)#)-8$9%:672%15#%7#14,/)%4)72,-)%51*7(7*7)2%52%;)44%52%;'-3%
<=520)-2)#%)*%549%>?@AB%C'-4/%D)54*6%E-85#725*7'#%FGFFH9%%

MW/0)'%/- "%2,.!15*)8'-$%'+%I"%*65*%72%045##)/J%2*-,1*,-)/J%-)0)*7*7()J%5#/%0,-0'2)+,4%
7#% *6)% 2)#2)% *65*% *6)% 7&0-'()&)#*% '-% &57#*)#5#1)% '+% '#)% '-% &'-)%
1'&0'#)#*2%'+%06$27154%+7*#)22%72%*6)%'.K)1*7()%<=520)-2)#%)*%549%>?@AH9%%

A.?%')*B-',*)&'7'&?- L574,-)%*'%&))*%I"%8,7/)47#)2%<:-)&.45$%)*%549%FG>MH9%

:/4/,&*0?-5/.*7'+$0-

T:YU--

C537#8%51*7(7*7)2%0)-+'-&)/%;6742*%27**7#8J%-)147#7#8%'-%4$7#8J%;7*6%)#)-8$%
)N0)#/7*,-)%O>9A%&)*5.'471%)P,7(54)#*2%<:-)&.45$%)*%549%FG>MH9%



! PQ!

N/3*)4\Fb4I)E(;(;A4*)H)*'4+E4!.&'(-/*4/-,(H(,&4(;,);'(,&4

A2-',&/,%'&?- OM>%-

T2',%Z+0&.-

/&-*B"-9H!!U-

=AM-

TY+0K-

!;@HU-

:$56/)&'7/-4/%)0'L&'+,- =/*B-B'(/-/W*3LB/%--

T2',%Z+0&.-/&-*B"-

9H!!U-

:/4/,&*0?-- >9G!>9A%%

%

Q@% "1*7(7*7)2%;7*6%)#)-8$%
-)P,7-)&)#*%47**4)%8-)5*)-%*65#%
-)2*7#8%<:-)&.45$%)*%549%FG>MH9%

R)23%;'-3J%)5*7#8%
;674)%27**7#8J%-)5/7#8J%
27**7#8%;5*167#8%:S%%

['K.&- >9TUF9?%%

%

@!>G% "1*7(7*7)2%*65*%+))4%473)%$',%15#%
&57#*57#%+'-%6',-2J%)52$%*'%
.-)5*6)%5#/%15#%6'4/%5%
1'#()-25*7'#%5*%*6)%25&)%*7&)%
<V'-8%>?MGH9%%%

W786*%;5437#8J%
85-/)#7#8%%%

O+4/0*&/- X9GUA9?%%

%

>>!>X% "1*7(7*7)2%544';7#8%$',%*'%*543%5%
26'-*%1'#()-25*7'#%.,*%#'*%27#8%
<Y5*7'#54%=)#*)-%+'-%=6-'#71%
R72)52)%I-)()#*7'#%5#/%D)54*6%
I-'&'*7'#%FGFFH9%

S51,,&7#8J%.-723%
;5437#8%%

\'K+0+$%- ZT9G%

T9G%!@9?%

Z>[%

>[!>M%

\#5.4)%*'%25$%5%+);%;'-/2%
;7*6',*%05,27#8%+'-%5%.-)5*6%
<Y5*7'#54%=)#*)-%+'-%=6-'#71%
R72)52)%I-)()#*7'#%5#/%D)54*6%
I-'&'*7'#%FGFFH9%%

:)##72J%-,##7#8%%%

O\A2- X9G!@9?% >>!>M% "1*7(7*7)2%-5#87#8%+-'&%&'/)-5*)%
*'%(78'-',2%7#*)#27*$9%

]))%&'/)-5*)%5#/%
(78'-',2%)N5&04)2%

GSV+9H*'(;63+6;)(:()*L+DWXY'V+A&)6%/3(;+&>?(:63&.)+/-+)6'K'L+RGWV+26)(.I+/-+9&2;&(:&4+&Z&2)(/.L+J/2IY'+';63&+[N@
!O\+[J/2I+#E0O\L+D]GSV+A/4&26)&+)/+:(I/2/?'+9H*'(;63+6;)(:()*"+
!

!

4(0,9'&,!o34p!)67!o%J%*/#.%p!)*%!9:0%6!'.%7!#60%*/,)6&%)<(-;!0,%-!)*%!690!.-696-89'.!2>)<(%!

^=P5=!>,%!ejR!7%:#6%.!34!).!)6-!891%8%60!9:!-9'*!<97-!+*97'/%7!<-!.M%(%0)(!8'./(%!0,)0!

*%.'(0.! #6! )6! #6/*%).%7! '.%! 9:! %6%*&-! 2e9*(7! j%)(0,! R*&)6#.)0#96! ^Q^^5=! >,#.! /)6! #6/('7%!

(%#.'*%!)/0#1#0#%.!).!D%((!).!D9*M!2[).+%*.%6!%0!)(=!"VEH5=!34!/)6!<%!.'<F7#1#7%7!#609!/)0%&9*#%.!

.'/,!).!D9*M!0).M.;!,9'.%,9(7!0).M.;!.+9*0.;!%J%*/#.%.!)67!90,%*!)/0#1#0#%.=!>,'.!%J%*/#.%!#.!#6F

:)/0!)!.'<F/)0%&9*-!9:!34=!CJ%*/#.%!#.!+()66%7;!*%+%0#0#1%;!+'*+9.%:'(!34!.98%96%!%6&)&%.!#6!

D#0,!0,%!#60%60#96!9:!#8+*91#6&!:#06%..!9*!&%6%*)(!D%((<%#6&!2[).+%*.%6!%0!)(=!"VEH5=!!

a0!#.!)(.9!#8+9*0)60!09!7#::%*%60#)0%!<%0D%%6!+,-.#/)(!#6)/0#1#0-!)67!.%7%60)*-!<%,)1#9'*!2?@5!

2>)<(%!^=P5=!>,%.%!0%*8.!)*%!)(.9!690!#60%*/,)6&%)<(%=!>,%*%!#.!69!'6#1%*.)((-!)&*%%7!7%:#6#0#96!

:9*! ?@! ,9D%1%*! #6! ^Q"^! 0,%! ?%7%60)*-! @%,)1#9'*! $%.%)*/,! A%0D9*M! 2?@$A5;! )! &*9'+! 9:!

*%.%)*/,%*.!)67!,%)(0,!+*9:%..#96)(.!D#0,!)!.0*96&!#60%*%.0!#6!?@;!/96&*%&)0%7!09!)77*%..!0,%!

#..'%=!>,%! :9((9D#6&!7%:#6#0#96!D).! )&*%%7!96Y! o)6-!D)M#6&!<%,)1#9'*! /,)*)/0%*#.%7!<-! )6!



! P"!

%6%*&-!%J+%67#0'*%!9:!Ü"=H!NC>.!D,#(%!#6!)!.#00#6&!9*!*%/(#6#6&!+9.0'*%p!2A%0D9*M!^Q"^5=!>,#.!

7%:#6#0#96!,).!<%%6!D#7%(-!)//%+0%7;!<'0!?@!,).!)(.9!<%%6!7%./*#<%7!).!o(9D!(%1%(!)/0#1#0-!D#0,!

%6%*&-!%J+%67#0'*%!96(-!8)*&#6)((-!)<91%!*%.0#6&p!23)0%!%0!)(=!^QQE5!)67!o)/0#1#0-!%_'#1)(%60!

09! .(%%+#6&;! .#00#6&;! (-#6&! 9*! 696F'+*#&,0! )/0#1#0#%.p! 2>*%8<()-! %0! )(=! ^Q"W5=! N9.0! *%.%)*/,!

.0'7#%.!7%:#6%!+,-.#/)(!#6)/0#1#0-!).!)6!)<.%6/%!9:!34!2NS345;!9*!690!8%%0#6&!34!&'#7%(#6%.!

2A%0D9*M!^Q"^5=!j9D%1%*!#0!,).!)(.9!<%%6!7%./*#<%7!).!o690!%6&)&#6&!#6!)6-!34!)67Z9*!<%#6&!

#6!0,%!(9D%.0!/)0%&9*-!9:!34p!2?,)*)*)!%0!)(=!^Q"E5=!k6(%..!90,%*D#.%!.+%/#:#%7;!0,%!7%:#6#0#96.!

'.%7!#6!0,#.!0,%.#.!:*98!,%*%!96!#6!)*%!9'0(#6%7!#6!>)<(%!^=P=!

>,%!./#%60#:#/!/988'6#0-!)&*%%.! 0,)0!?@].! #6/('7%!D)0/,#6&!0%(%1#.#96;!.#00#6&;! (-#6&!79D6;!

*%)7#6&;!./*%%6F<).%7!)/0#1#0#%.;!7*#1#6&!)!1%,#/(%!9*!'.#6&!)!/98+'0%*!2C7D)*7.96!%0!)(=!^Q"^5!

<%#6&!(9D!%J%*0#96!)/0#1#0#%.!0-+#/)((-!*)6&#6&!<%0D%%6!"=QF"=H!NC>.!23)0%!%0!)(=!^QQE5!2>)<(%!

^=P5=!4(0,9'&,!0,%!?@$A!)&*%%7!'+96!)!7%:#6#0#96!9:!?@!#6!^Q"^;!0,%!#60%&*)(!7%0)#(.!96!0,%!

/98+96%60.!9:!?@!D%*%!.0#((!)8<#&'9'.!)0!0,#.!0#8%=!a6/('7#6&!0,%!0,9'&,0!0,)0!sitting and lying 

are more detrimental to health when compared to standing. However, with the aforementioned 

definition o6%#0,%*! .0)67#6&!69*! .#00#6&!/)6!)7%_')0%(-!<%!7%./*#<%7! f'.0! #6! 0%*8.!9:! %6%*&-!

%J+%67#0'*%! 9*! 6%'*98'./'()*! )/0#1#0-p;! 0,%*%:9*%! 0,#.! 7%:#6#0#96! 79%.6]0! )((9D! 7#.0#6/0#96!

<%0D%%6!0,%!0D9!<%,)1#9'*.!2S##*!)67!S%*)M.#0á!^Q"^5=!>,#.!#.!#8+9*0)60!).!#0!7#.8#..%.!0,%!

%::%/0!9:!&*)1#0-!96!0,%!8'./(%.!,9(7#6&!96%].!<97-!'+*#&,0!(Viir and Veraksit" 2012).  Also,!)!

*%1#%D!<-!j)8#(096!%0=!)(=!+*9+9.%7!)6!)6#8)(!897%(F<).%7!<#9(9&#/)(!8%/,)6#.8;!.'&&%.0#6&!

+*9(96&%7!.#00#6&!#8+)#*.!(#+9+*90%#6!(#+).%!)/0#1#0-!)67!0,#.!/9'(7!<%!+*%1%60%7!<-!/,)6&#6&!

+9.0'*%! 09! .0)67#6&;! D#0,! 69! :'*0,%*! <%6%:#0! :*98! %J%*/#.%;! .'&&%.0#6&! .0)67#6&! #.!690! )!

.%7%60)*-!)/0#1#0-!2j)8#(096!%0!)(=!^QQW5=!

>,%!?@$A!*%F/961%6%7!#6!^Q"W;!09!%.0)<(#.,!/96.%6.'.!7%:#6#0#96.!:9*!0%*8.!*%(%1)60!09!?@!

*%.%)*/,!)67!09!7%1%(9+!)!/96/%+0')(!897%(!09!#(('.0*)0%!0,%!,#%*)*/,#/)(!.0*'/0'*)(!/966%/0#96.!

)896&!0,%!1)*#9'.!0%*8.!2>*%8<()-!%0!)(=!^Q"W5=!>,#.!/96.%6.'.!.0)0%8%60!)((9D.!:9*!/(%)*;!

/98896!)67!)//%+0%7!0%*8#69(9&-!)67!7%:#6#0#96.!D#0,#6!0,%!)*%)!9:!?@!*%.%)*/,=!4!0,9*9'&,!!

9'0(#6%! 9:! 0,%.%! 7%:#6#0#96.! /)6! <%! :9'67! #6! 0,%! /96.%6.'.! .0)0%8%60;! ,9D%1%*! M%-!

/,)6&%.Z'+7)0%.!#6/('7%7!0,%!)77#0#96!9:!0,%!0%*8!o(-#6&p!09!0,%!):9*%8%60#96%7!7%:#6#0#96!9:!

?@=! >,%-! )(.9! #60*97'/%7! 0,%! 0%*8! o.0)0#96)*-! <%,)1#9'*p! ;! )((9D#6&! o.0)67#6&p! 09! <%!

)++*9+*#)0%(-!/()..#:#%7=!>,%-!+*91#7%7!)!/(%)*!7%:#6#0#96!9:!o+)..#1%!.0)67#6&p!2r^=Q!NC>.5!

)67!o)/0#1%!.0)67#6&p!2\^=Q!NC>.5!)67!.'&&%.0!*%.%)*/,%*.!'.%!0,%!0%*8!o.0)0#96)*-!0#8%p!09!

*%+9*0!7)0)!&)0,%*%7!:*98!)//%(%*98%0%*.!0,)0!79!690!8%).'*%!+9.0'*%=!>,%!7%:#6#0#96.!#6!0,%!

/96.%6.'.!.0)0%8%60!/()*#:-!0,%!7#.0#6/0#96!<%0D%%6!.%7%60)*-!o<%,)1#9'*.p!2D#0,!/960%J05!)67!



! P^!

o0#8%p!)0!)!7%0%*8#6%7!(%1%(!9:!#60%6.#0-!2D#0,9'0!/960%J0;!D,#/,!#6/('7%.!89.0!)//%(%*98%0%*!

)67! #6/(#698%0%*!7)0)5=!>,%-!)(.9!+*9+9.%7!)! .0)67)*7#.%7!)++*9)/,! :9*!7%:#6#6&!<9'0.!)67!

#60%**'+0#96.Z<*%)M.I! D#0, sedentary bouts defined as “a period of uninterrupted sedentary 

time” and sedentary interruptions/breaks defined as “non-sedentary bout in between two 

sedentary bouts”. 4(0,9'&,! 0,%! *%.%)*/,! /988'6#0-! .0#((! ()/M.! )! /(%)*! 7%:#6#0#96! 9:! 0,%!

8#6#8'8!7'*)0#96!9:!)!.%7%60)*-!<9'0!0,)0!/9'(7!<%!7%%8%7!).!+*9(96&%7!.%7%60)*-!0#8%=!>,%!

?@$A!)&*%%7!D#0,!c#8!%0!)(=;!2c#8!%0!)(=!^Q"H5!0,)0!)!.%7%60)*-!<9'0!0,*%.,9(7!9:!"Q!8#6'0%.!

D9'(7! <%! )! /96.%*1)0#1%! 7%:#6#0#96! 09! /)+0'*%! 0,%! +*9(96&%7! 6)0'*%! 9:! ?@=! ! K'*0,%*;! 0,%!

/96/%+0')(! 897%(! 2K#&'*%! "5! D).! /*%)0%7! 09! +*91#7%! *%.%)*/,%*.! #61%.0#&)0#6&! *%()0#96.,#+.!

<%0D%%6;!)67!)896&;!0,%!1)*#9'.!891%8%60!<%,)1#9'*.!0,*9'&,9'0!0,%!%60#*%!7)-!2#=%=;!.(%%+;!

?@].!)67!1)*#9'.!#60%6.#0#%.!9:!345!D#0,!/()*#0-!96!7%:#6#0#96.!9:!0%*8#69(9&-!*%()0%7!09!?@=!!



! PP!

!
'

5(A1%)4\F\4Q**1',%/,(+;4+E4,.)4E(;/*4-+;-)!,1/*42+8)*4+E42+H)2);,Z3/')84,)%2(;+*+A&4
/%%/;A)84/%+1;84/4\cZ.4!)%(+8@4,/C);4E%+24dG)8);,/%&47)./H(+%4J)')/%-.4L),B+%C4>G7JL94
e4N)%2(;+*+A&4P+;');'1'4<%+U)-,`@43&4?/%C4GF4N%)23*/&4),4/*F@4\]Oa4QX7L<=F4Oc>O9@4aF4

!
!"!"!! A&5'=1&?&.)+/-+8D*'(:52+5:)(9()*+5.3+'&3&.)51*+%&D59(/=1+
U#M%!)((!,'8)6!<%,)1#9'*.;!0,%!8%).'*%8%60!9:!34!#.!/98+(%J=!4((!8%).'*%8%60!0%/,6#_'%.!

,)1%!#6,%*%60!.0*%6&0,.!)67!(#8#0)0#96.!2>)<(%!^=G5=!?'<f%/0#1%!8%).'*%.!9:!34!)*%!/98896(-!

'.%7!7'%!09!<%#6&!/98+)*)0#1%(-!+*)/0#/)(;!#6%J+%6.#1%!)67!%).-!09!'.%=!?%(:F*%+9*0!8%0,97.!

9:0%6!*%(-!96!8%89*-!)67!*%_'#*%!+)*0#/#+)60.!09!,)1%!&997!(#0%*)/-!.M#((.!09!)//'*)0%(-!*%/9*7!

0,%#*!)/0#1#0#%.=!m'%.0#966)#*%.;!:9*!%J)8+(%;!)*%!_'#/M;!/,%)+!)67!,)1%!)!(9D!+)*0#/#+)60!)67!



! PG!

*%.%)*/,%*!<'*7%6;!)(0,9'&,!0,%-!)*%!1'(6%*)<(%!09!*%/)((!<#).!2T#.,8)6!%0!)(=!̂ QQ"5=!a6!/960*).0;!

.%(:F*%+9*0!34!7#)*#%.!)67!(9&.!*%_'#*%!+)*0#/#+)60.!09!*%/9*7!+,-.#/)(!)/0#1#0#%.!#6!*%)(!0#8%;!

%(#8#6)0#6&!0,%!+*9<(%8!9:!*%/)((!<#).!2T#.,8)6!%0!)(=!^QQ"5=!>,%-!)(.9!)((9D!:9*!7%./*#+0#96!

9:! 0,%! 0-+%! 9:! 34! 0,%! #67#1#7')(! #.! %6&)&#6&! #6=! j9D%1%*;! '.#6&! .%(:F*%+9*0! 8%0,97.! 09!

7#::%*%60#)0%!<%0D%%6!34!0-+%.!/)6!<%!/,)((%6&#6&;!)67!0,'.!*%.%)*/,%*!#60%*1%60#96!#.!9:0%6!

*%_'#*%7!09!&)#6!)//'*)0%!#6:9*8)0#96=!!a6!+)*0#/'()*;!7#..%/0#6&!9'0!Ö.%7%60)*-]!)/0#1#0#%.!:*98!

Ö(#&,0]! )/0#1#0#%.! /)6! <%! +*9<(%8)0#/;! ).! 0,%! +)*0#/#+)60! D9'(7! 6%%7! 09! ,)1%! )! .9'67!

'67%*.0)67#6&!9:!0,%!7#::%*%6/%!<%0D%%6!0,%!0D9=!!

e,#(.0!.'<f%/0#1%!8%).'*%.!9:!34!+*91#7%!'.%:'(!#6:9*8)0#96!96!0,%!/960%J0!9:!34;!9<f%/0#1%!

8%).'*%.!)((9D!:9*!89*%!*%(#)<(%!%.0#8)0%.!9:!19('8%!)67Z9*!#60%6.#0-!9:!34=!R<f%/0#1%!7)0)!

/9((%/0#96!)(.9!%(#8#6)0%.!*%/)((!<#).=!>,%!79'<(-F()<%((%7!D)0%*!2TUe5!8%0,97!#.!/96.#7%*%7!

0,%!&9(7!.0)67)*7!:9*!)..%..#6&!090)(!7)#(-!%6%*&-!%J+%67#0'*%;!7'%!09!#0.!,#&,!7%&*%%!9:!)//'*)/-!

2e%.0%*0%*+! ^Q"W5! 2>)<(%! ^=G5=! j9D%1%*;! 7'%! 09! #0.! .'<.0)60#)(! /9.0;! #0! #.! *)*%(-! :%).#<(%=!

477#0#96)((-;!TUe!79%.!690!+*91#7%!0,%!#60%&*)(!7%0)#(.!96!7)#(-!34!<%,)1#9'*!*%_'#*%7;!.'/,!

).!7'*)0#96;!#60%6.#0-!9*!0-+%!9:!34!+%*:9*8%7=!A9*!/)6!#0!7#::%*%60#)0%!<%0D%%6!0,%!7#::%*%60!

/98+96%60.! 9:! 090)(! %6%*&-! %J+%67#0'*%! 2#=%=;! *%.0#6&! %6%*&-! %J+%67#0'*%;! 34! %6%*&-!

%J+%67#0'*%;!0,%*8#/!%::%/0!9:!:9975!23%7#á#à!)67!@)'8)6!^Q"H5!)67;!0,%*%:9*%;!0,%!/,9#/%!9:!

TUe! 09! 8%).'*%! 34! #.! (#8#0%7! 09! _'%.0#96.! *%()0#6&! 09! 91%*)((! %6%*&-! %J+%67#0'*%! 91%*! )!

6'8<%*!9:!7)-.=!!

4.!D%((!).!<%/98#6&!#6/*%).#6&(-!0%/,69(9&#/)((-!)71)6/%7!)67!/9.0F%::%/0#1%;!)//%(%*98%0%*.!

+*91#7%! 1)(')<(%;! *%)(F0#8%! #6:9*8)0#96! 96! 34! )67! ?@! +)00%*6.=! >,#.! #6/('7%.! 7'*)0#96;!
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Description Pros Cons 
Subjective 

Questionnaires (interview, self-report) 
Physical activity questionnaires are 
completed retrospectively. They vary in 
their scope and level of detail. Can be 
validated or not validated.  
 

•! Cheap 
•! Low participant burden  
•! Quick 
 

•! Varying validity for categorising individuals into 
groups and ranking activity levels varies greatly 
between questionnaires 

•! High researcher burden, participant literacy and 
numeracy required if self-administered  

•! Risk of recall bias 
•! Difficult to recall all SB as it is dispersed throughout 

the entire day rather than planned bouts that are 
more memorable to participants (Rääsk et al. 2017) 

Diaries and logs 
Participants record PA in real time/ 
prospectively.  

•! Cheap 
•! Allow detailed descriptions of duration, 

intensity, type and context of PA  
•! Time of activity is recorded, therefore 

can be time-matched to other data, e.g. 
accelerometer or heart rate monitor  

•! High participant burden 
•! Participant requires literacy skills 
•! High level of compliance required therefore 

unsuitable for younger children (under 10 years) 
•! Participants’ may forget to complete diary or log 

prospectively 
•! Difficult to record all SB as it is dispersed 

throughout the entire day rather than planned bouts 
that are more distinct to participants (e.g. swimming, 
bike ride)(Rääsk et al. 2017) 

Direct observation 
An observer (ideally independent) records 
PA in real-time. 
 
 

•! Low participant burden  
•! Participant does not require literacy 

skills  
•! Can obtain detailed information on 

frequency and duration as well as an 
estimate of intensity of PA in real time  

•! Accurate information on the type and 
context of PA e.g. where and with who 
it occurs 

•! Expensive and high researcher burden e.g. 
observation time, data coding  

•! Observers need to be well trained. At risk of 
reactivity effect (resulting in a change of usual 
behaviour) due to having an observer present 
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Description Pros Cons 
Objective 

Pedometers 
Device participants wear that measures 
distance travelled over a given period of 
time through counting steps. 

•! Cheap  
•! Low participant burden  
•! Participant does not require literacy 

skills 

•! Provide limited information as they do not record PA 
intensity, frequency or duration and only measure a 
single plane of movement (up and down) 

•! Only worn for a few days therefore may not capture 
participation in infrequent activities like social sport 
participation 

Accelerometers 
Device participants wear that measures 
acceleration of movement. Tri-axial 
accelerometers measure movement in three 
planes; a) vertical (up and down), b) 
anterior–posterior (side to side) and c) 
medial-lateral (forwards and backwards). 

•! Provides valuable, objective, real-time, 
information on PA and SB patterns 
including duration, quantity and 
intensity 

•! Participant does not require literacy 
skills 

•! Output data can be used to calculate 
total daily activity PA, which is 
estimated with an algorithm consisting 
of a composite of counts from these 
three planes of motion, named the 
vector magnitude (VM); VM = # (a2 + 
b2 + c2). 

 

•! Associated data processing software is expensive. 
Many are not waterproof so cannot capture PA 
during water based activities e.g. swimming, surfing 

•! Some devices or wear positions are not sensitive to 
PA in seated or reclining postures, e.g. rowing, 
cycling or wheelchair use  

•! Not able to account for extra effort required to work 
against resistance e.g. cycling/running uphill or 
against wind resistance or lifting weights  

•! Only worn for a few days therefore may not capture 
participation in infrequent activities like social sport 

Heart rate monitors 
Device participants wear that measures 
heart rate. An indirect indicator of physical 
activity as heart rate is a physiological 
response. Records of heart rate can be used 
to estimate PA intensity or energy 
expenditure (EE), using the assumption of a 
linear relationship between heart rate (HR) 
and EE (or oxygen consumption, VO2). 

•! Easy and quick  
•! Waterproof 
•! Easy to identify non-wear time 
•! Linear relationship between heart rate 

and EE at moderate-to-vigorous 
intensity activity 

 

•! Relationship between heart rate and EE at light PA 
and SB is not strong so it will not provide an 
accurate estimate of activity at these intensities 

•! Indirect measurement of PA – i.e., factors other than 
PA affect HR e.g. anxiety, fear, excitement, ambient 
temperature (especially in hot climates), caffeine 
and some recreational drugs 

•! Only worn for a few days therefore may not capture 
participation in infrequent activities like social sport  

Doubly labelled water method (DLW) •! Reliable and highly accurate at 
measuring TEE 

•! Expensive  
•! High subject burden 
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Description Pros Cons 
Oxygen-18 (18O) and deuterium (2H) (stable 
isotopes), are administered as a dose of 
drinking water (DLW). Timed urine or 
saliva samples (typically over 7–14 days) 
are then collected to measure (using isotope 
ratio mass spectrometry) the elimination 
rate of these isotopes from the body. The 
difference between the elimination rates 
of 18O and 2H in the urine is proportional to 
CO2 production, using standard 
stoichiometric equations this can be 
converted to average TEE. 

 
 

•! High level of researcher expertise required 
•! No details on frequency, duration, intensity or type 

of PA performed 
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While these findings have been replicated across diverse populations, very little research has 

investigated whether PA or SB (time spent in SB and SB’s (e.g. bouts and breaks)) are 

inherently different between high and moderate metabolic disease risk population groups 

(Table 2.5).  
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a67%%7;! recently researchers have called for future research on SB to focus on overweight/ 

obese populations as!A[T well as ethnic minorities (Katzmarzyk et al. 2019; Schmid et al. 

2018).   



! GW!

'

N/3*)4\Fg4<.&'(-/*4/-,(H(,&@4')8);,/%&43)./H(+1%4/;842),/3+*(-4.)/*,.4

!"#$%& '()#*+",(-& !"#$%&$./,0-& 1(2+",(-&& 3+45.4/&(6&
7."+8(*,2&9.+*"9&&

3.+/#4.7.-"&(6&
)9%/,2+*&+2",:,"%&
+-$&
2+4$,(4./),4+"(4%&
6,"-.//&

;./#*"/&&

<!=,-$.**&."&
+*>&?@ABC&

!"#"$%&$'"
$()*+,-./0,123"
4/2."/53"6.7/2."
8'*9:"
;4<"=$(>?@7!"#

#

<7A/B0.3"6/CDB5?"
?2EF1C."10"?2EF1C."
D12.0/5F."D.CD"

G01CC,
C.FDB15/2"

4E2DB,F.5D0.""
H.57/0>%"
IB52/53%"DJ."
!.DJ.02/53C%"
KA/B5%"
;E2?/0B/%"
LECD0/2B/%"!.M"
N./2/53"

<5CE2B5%"OPLQF%"
?2EF1C.%"GRS%"
D1D/2"/53"THT"
FJ12.CD.012%"
OU4L,<R%"P13-"
F17A1CBDB15"
8HVL%";13S13$:""

LFDBK2..AW"
/FF.2.017.D.0%"JBA"
71E5D.3%"$X,J1E0"
A01D1F12"610"*"
F15C.FEDBY."3/-C"
"
"

4ZSL"5.?/DBY.2-"/CC1FB/D.3"MBDJ"OU4L,<R"8["#"
\+@Q$$%"!]+@++Q:%"^G"8["#"\+@Q**%""!]+@++Q:%"
6/CDB5?"B5CE2B5"8["#"\+@QQ(%"!]+@++Q:%"$,J"?2EF1C."
8["#"\+@+'_%"!]+@+Q:%"D0B?2-F.0B3.C"8["#"\+@+_Q%"
!]+@++Q:"GRS"8["#"\+@+`'%"!]+@++Q:"
a1D/2"SL"8FA7:"5.?/DBY.2-"/CC1FB/D.3"MBDJ"
OU4L,<R"8["#"\+@Q(Q%"!]+@++Q:%"^G"8["#"
\+@Q*_%"!]+@++Q:%"6/CDB5?"B5CE2B5"8["#"\+@Q&_%"
!]+@++Q:%"$,J"?2EF1C."8["#"\+@+``%"!]+@++Q:%"
D0B?2-F.0B3.C"8["#"\+@QQ*%"!]+@++Q:%"GRS"8["#"
\+@Q+X%"!]+@++Q:@""
K.3.5D/0-"DB7."A1CBDBY.2-"/CC1FB/D.3"MBDJ"OU4L,
<R"8["#"+@Q*(%"!]+@++Q:%"^G"8["#"+@$Q(%"!]+@++Q:"
6/CDB5?"B5CE2B5"8["#"+@Q((%"!]+@++Q:%"D0B?2-F.0B3.C"
8["#"+@Q+'%"!]+@++Q:%"GRS"8["#"+@Q+'%"!]+@+Q:%"
C-CD12BF"P2113"A0.CCE0."8["#"+@+*`%"!]+@+Q:"/53"
3B/CD12BF"P2113"A0.CCE0."8["#"+@+(*%"!]+@+(:@"
L5/2-CBC"M/C"/3bECD.3"610"DJ."61221MB5?"
F1561E53.0Cc"/?.%"C.d%".DJ5BFBD-%"C71>B5?%"
J1EC.J123"B5F17.%".3EF/DB15"2.Y.2%";I9%"
/FF.2.017.D.0"M./0"DB7.%"C2..A"DB7.%"/53"
B5D.0Y.5DB15"F.5D0.@"4ZSL"/5/2-CBC"/2C1"/3bECD.3"
610"C.3.5D/0-"DB7."/53"C.3.5D/0-"DB7."/3bECD.3"610"
4ZSL@"



! GE!

!"#$%& '()#*+",(-& !"#$%&$./,0-& 1(2+",(-&& 3+45.4/&(6&
7."+8(*,2&9.+*"9&&

3.+/#4.7.-"&(6&
)9%/,2+*&+2",:,"%&
+-$&
2+4$,(4./),4+"(4%&
6,"-.//&

;./#*"/&&

<D.-/(-&."&+*>&
?@AEC&

!#`*`"
4./5"/?."'&@*"
-./0C"
4/2."/53"6.7/2."
8XQ9:"
"
<53BYB3E/2C"/D"JB?J"
0BC>"16"B7A/B0.3"
?2EF1C."D12.0/5F."
8eE.CDB155/B0.%"
;4<%"/53"
PB1FJ.7BCD0-:"

R/5317BC.3"
F15D0122.3"
D0B/2"

T.BF.CD.0CJB0."
/53"DJ."K1EDJ"
f/CD"4B32/53C"
0.?B15"
"

I/CDB5?"A2/C7/"
?2EF1C."/53"$"J"
A2/C7/"?2EF1C."
8YB/"/5"Ugaa:%"
OPLQF%"D1D/2"
FJ12.CD.012%"OHT"
/53"
D0B/F-2?2-F.012%"
M.B?JD%"^G@"

a0B/dB/2"
/FF.2.017.D.0c"
LFDBg0/AJ"ga&V%"
JBA"71E5D.3%"
M105"3E0B5?"
M/>B5?"J1E0C%"610"
*"F15C.FEDBY."3/-C"
"
"

H.D0B7.5D/2"2B5./0"/CC1FB/DB15C"P.DM..5"C.3.5D/0-"
DB7."/53"$"J"A2/C7/"?2EF1C."8[h#h+@$$+%"!]h+@++Q:%"
D0B/F-2?2-F.012"8[h#h+@$+'%"!#+@++Q:"/53"OHT"
8[h#h\+@Q$&%"!#+@+$_:@""
L5/2-CBC"M/C"/3bECD.3"610"DJ."61221MB5?"
F1561E53.0Cc"/?.%"C.d%"C71>B5?"CD/DEC%".DJ5BFBD-%"
C1FB/2"3.A0BY/DB15%"6/7B2-"JBCD10-%"P.D/,P21F>.0C%"
2BAB3,21M.0B5?"7.3BF/DB15%"DB7."/FF.2.017.D.0"
M105%"
4ZSL"/53";4<@"
KB?5B6BF/5D"B5Y.0C."/CC1FB/DB15C"P.DM..5"P0./>C"B5"
C.3.5D/0-"DB7.%"D1D/2"AJ-CBF/2"/FDBYBD-"/53"4ZSL"
/53"7./CE0.C"16"/3BA1CBD-"8^G"/53"10";4<:%"PED"
51D"MBDJ"/5-"1DJ.0"F/03B17.D/P12BF"Y/0B/P2.C"/6D.0"
/3bECDB5?"610"C.3.5D/0-"DB7."/53";4<@"

<D.+*%&."&+*>&
?@@BC&

!"#"Q'_"
4/2."/53"6.7/2."
8'+9:"
&+,`*"-./0C"87./5"
/?."(&@X"-./0C:""
"
LECD0/2B/5"
HB/P.D.C%"UP.CBD-"
/53"TB6.CD-2."
KDE3-"8LECHB/P:"
A/0DBFBA/5DC""
"

G01CC,
C.FDB15/2"

LECD0/2B/" ^G%"
D0B?2-F.0B3.C%"
OHT%"0.CDB5?"
P2113"A0.CCE0.%"
6/CDB5?"A2/C7/"
?2EF1C.%"/53"/"
F2ECD.0.3"
7.D/P12BF"0BC>""
"

i5B/dB/2"
/FF.2.017.D.0%"
LFDBg0/AJ"713.2"
*Q'Xc"JBA"
71E5D.3%"M105"
3E0B5?"M/>B5?"
J1E0C"610"*"
F15C.FEDBY."3/-C"
"
""
"

KB?5B6BF/5D"/CC1FB/DB15C"16"C.3.5D/0-"DB7.%"2B?JD,
B5D.5CBD-"DB7.%"/53"7./5"/FDBYBD-"B5D.5CBD-"MBDJ"
^G""8[#+@$$%",+@$+%",+@$*"0.CA.FDBY.2-:"/53"
F2ECD.0.3"7.D/P12BF"0BC>"CF10."8[#"+@$&%,+@$+%",+@$("
0.CA.FDBY.2-:@"51D.j"!"Y/2E.C"B5"D/P2.kD.dD"A0.C.5DB5?"
3/D/"51D"A01YB3.3%"B5"D.dD"CD/D.C"lCB?5B6BF/5D2-"
/CC1FB/D.3m@"
4ZSL"M/C"B5Y.0C.2-"/CC1FB/D.3"MBDJ"D0B?2-F.0B3.C"
8[#",+@Q`"%"!#+@+$*:%"/6D.0"/33BDB15/22-"/3bECDB5?"
610"^G@""
L5/2-CBC"M/C"/3bECD.3"610"DJ."61221MB5?"
F1561E53.0Cc"/?.%"C.d%".7A21-7.5D"CD/DEC%"/2F1J12"
B5D/>.%"J1EC.J123"B5F17.%".3EF/DB15%"C71>B5?"
CD/DEC%"3B.D"eE/2BD-%"6/7B2-"JBCD10-"16"3B/P.D.C@"



! GV!

!"#$%& '()#*+",(-& !"#$%&$./,0-& 1(2+",(-&& 3+45.4/&(6&
7."+8(*,2&9.+*"9&&

3.+/#4.7.-"&(6&
)9%/,2+*&+2",:,"%&
+-$&
2+4$,(4./),4+"(4%&
6,"-.//&

;./#*"/&&

;(/,F#.G
H/".8+-&?@AI&
<;(/,F#.G
H/".8+-&."&+*>&
?@AIC&
&

!"#"(**'"
4/2."8(Q@_9:"/53"
6.7/2."
4./5"/?."'(nX@_-""
"
^BDJ"
1Y.0M.B?JDk1P.CBD-"
;4<"o$*"/53"]X+"
>?k7"%"MJ1"/2C1"
7.D"/D"2./CD"DJ0.."
F17A15.5DC"16"DJ."
4.DK"8/FF103B5?"
D1"<5D.05/DB15/2"
HB/P.D.C"
I.3.0/DB15"/53"DJ."
L7.0BF/5"O./0D"
LCC1FB/DB15"/53"
!/DB15/2"O./0D%"
TE5?"/53";2113"
<5CDBDED.:"
"

"G01CC,
C.FDB15/2"
"

KA/B5" ;4<"o&+">?k7"#%"
^G%"C-CD12BF"/53"
3B/CD12BF"P2113"
A0.CCE0."%"P2113"
?2EF1C.%"
D0B?2-F.0B3.C%"
OHT"

Z/2B3/D.3"!E0C.Cp"
O./2DJ"KDE3-"
eE.CDB155/B0."D1"
/CC.CC"K;@"aZ"
DB7."M/C"EC.3"/C"/"
A01d-"610"K;pC"
""84/0Dq5.r,
g15rs2.r".D"/2@"
$++(:"
Z/2B3/D.3"
Rfg<GUR"
eE.CDB155/B0."
8412B5/".D"/2@"
$+Q*:"D1"/CC.CC"
2.BCE0.,DB7."SL"

<5F0./C.3"DB7."B5""4ZSL"/CC1FB/D.3"MBDJ"21M.0"
A0.Y/2.5F."16"1P.CBD-%"a$H%"/P317B5/2"1P.CBD-"/53"
21M"OHT"8R.2/DBY."RBC>"8RR:j"+@_(%"_(9"G<j"+@_&%"
+@_*c"RRj"+@_X%"_(9G<j"+@`_%"+@__c"RRj"+@_*%"_(9"
G<j"+@_'%"+@_`c"/53"RRj"+@_(%"_(9"G<j"+@_Q%"+@__%"
0.CA.FDBY.2-%"/22"!$+@+(:"
L5/2-CBC"M/C"/3bECD.3"610"DJ."61221MB5?"
F1561E53.0Cc"/?."C.d%".3EF/DB15"2.Y.2%"C71>B5?"
CD/DEC%"7/0BD/2"CD/DEC%"6/7B2-"JBCD10-"16"F1015/0-"
J./0D"3BC./C.%".5.0?-,0.CD0BFD.3"4.3BD.00/5./5"3B.D"
/3J.0.5F.@""
4ZSL"8MJ.5"B5Y.CDB?/DB5?"Ka:%"Ka"8MJ.5"
B5Y.CDB?/DB5?"4ZSL:@""
lf/FJ"16"DJ."1DJ.0"F17A15.5DC"16"DJ."7.D/P12BF"
C-53017.m"8MJ.5"/CC.CCB5?"/CC1FB/DB15C"MBDJ"./FJ"
F17A15.5D"16"DJ."7.D/P12BF"C-53017.:@"

<J-+.)/&."&+*>&
?@AKC&

!"#"&XQ%""
4/2."8'Q9:"/53"
6.7/2."
4./5"/?."(&@`"n"
`@_"-./0C"

"G01CC,
C.FDB15/2"
"

;.2?BE7"
"

L"F/03B1,
7.D/P12BF"0BC>"
CF10.%"71CD2-"
P/C.3"15"DJ."
<5D.05/DB15/2"
HB/P.D.C"
I1E53/DB15"
F0BD.0B/"610"
7.D/P12BF"
C-53017."
8<5D.05/DB15/2"

K.5C.^./0"S01"&"
L07P/53"
8;13-4.3B/%"<5F%"
SBDDCPE0?J%"SL%"
iKL:"
$X"J1E0C"/"3/-"
M./0"A01D1F12%"*"
F15C.FEDBY."3/-C"
"

T1M.0"F/03B10.CAB0/D10-"6BD5.CC"8GRI:"/53"4ZSL"
M.0."/CC1FB/D.3"MBDJ""JB?J.0"F2ECD.0.3"F/03B1,
7.D/P12BF"0BC>"8["#",+@$'"/53"["#",+@X&%"
0.CA.FDBY.2-%"P1DJ"!$+@++Q:@""
*&9"16"DJ."Y/0B/5F."B5"DJ."/CC1FB/DB15"P.DM..5"
4ZSL"/53"F2ECD.0.3"F/03B1,7.D/P12BF"0BC>"M/C"
.dA2/B5.3"P-"GRI"8"/DD.5E/D.3"DJBC"/CC1FB/DB15"D1"
515,CB?5B6BF/5F.:@"
GRI"M/C"DJ."71CD"B7A10D/5D"0BC>"6/FD10"610"/"
JB?J.0"F2ECD.0.3"F/03B1,7.D/P12BF"0BC>"/6D.0"



! HQ!

!"#$%& '()#*+",(-& !"#$%&$./,0-& 1(2+",(-&& 3+45.4/&(6&
7."+8(*,2&9.+*"9&&

3.+/#4.7.-"&(6&
)9%/,2+*&+2",:,"%&
+-$&
2+4$,(4./),4+"(4%&
6,"-.//&

;./#*"/&&

HB/P.D.C"
I1E53/DB15"$++':"
"
"

G/03B10.CAB0/D10-"
6BD5.CC""87/dB7/2"
.d.0FBC."D.CD:"
S./>"1d-?.5"
EAD/>."8ZU"%&'(:""

/3bECD7.5D"610"4ZSL"/53"Ka"8["#",+@&_%"
!$+@++Q:@"

<L(*66G
D#09./&."&+*>&
?@AMC"

!"#"`$$`"
4./5"/?."X'@("
-./0C""
4/2."/53"6.7/2."
8(+@'9:""
*X@&9"!15,
OBCA/5BF"^JBD.C"
H/D/"6017"$++&,
$++X"/53"$++(,
$++'"!OL!fK"
F-F2.C@""
"

G01CC,
C.FDB15/2"
"

i5BD.3"KD/D.C"
16"L7.0BF/"

K-CD12BF"P2113"
A0.CCE0.%"3B/CD12BF"
P2113"A0.CCE0.%"
;4<%"^G%"D0BF.AC"
C>B56123C%"/53"
CEPCF/AE2/0"
C>B56123C%"D1D/2"
FJ12.CD.012%"JB?J,"
3.5CBD-"
2BA1A01D.B5"
FJ12.CD.012%"21M,
3.5CBD-"
2BA1A01D.B5"
FJ12.CD.012%"
D0B?2-F.0B3.C%"
?2-F1J.71?21PB5%"
A2/C7/"?2EF1C.%"
G,A.ADB3.%"
B5CE2B5%"G,
0./FDBY."A01D.B5%"
/53"
J171F-CD.B5.@""

"

LFDBg0/AJ"713.2"
*Q'X"/FDBYBD-"
715BD10%"JBA"
71E5D.3%"M105"
3E0B5?"M/>B5?"
J1E0C"610"*"3/-C""

"

L3b@"^/23"I"CD/DBCDBFC""
OHT","84ZSL"#"+@X_""!%+@+("ZK"D1D/2"/FDBYBD-"
F1E5DC"8aLG:"#"QX@+`%"!$+@+Q:"
S2/C7/"?2EF1C."84ZSL"#"Q@+`"!%+@+("YC"aLG"#"
Q&@_$%"!$+@++Q:"
G,A.ADB3."84ZSL"#"+@+X"!%+@+("YC"aLG"#"$_@Q+%"
!$+@+++Q:""
<5CE2B5"84ZSL"#"+@$X"!%+@+("YC"aLG"#"Q_@*X"
!$+@+++Q:""
GRS"84ZSL"#"Q@$_%"!%+@+("YC"aLG"#"$'@'*%"
!$+@+++Q:"
O171F-CD.B5."84ZSL"#"+@(*%"!%+@+("YC"aLG"#"
*@*Q%"!%+@+Q:"
C-CD12BF"P2113"A0.CCE0."84ZSL"#"+@++Q%"!%+@+("YC"
aLG"#"X@X&%"!$+@+(:"
;4<"84ZSL#"`@*$%"!#+,@+Q%"!$+@+Q%"aLG"#"
'@_Q%"!$+@+(:"
^G"84ZSL"#"$@X_%"!%+@+(%"aLG"#"$+@$`%"
!$+@++Q:"
a0BF.AC"C>B56123"84ZSL"#"+@$`%"!$+@+(%"aLG"#"
QX@_*%"!$+@++Q:"
KEPCF/AE2/0"C>B56123"84ZSL"#"+@__%"!%+@+("YC"
aLG"#"(@'$%"!$+@+(:"



! H"!

!"#$%& '()#*+",(-& !"#$%&$./,0-& 1(2+",(-&& 3+45.4/&(6&
7."+8(*,2&9.+*"9&&

3.+/#4.7.-"&(6&
)9%/,2+*&+2",:,"%&
+-$&
2+4$,(4./),4+"(4%&
6,"-.//&

;./#*"/&&

a0B?2-F.0B3.C"84ZSL"#"`@Q$%"!$+@+Q"YC"aLG"#"
X@(("!$+@+(:"
L5/2-CBC"M/C"/3bECD.3"610"DJ."61221MB5?"
F1561E53.0Cc"/?.%"?.53.0%"0/F.%".3EF/DB15%"
C71>B5?%"?.5.0/2"A.0F.BY.3"J./2DJ%"%"1CD.1A101CBC%"
F1015/0-"J./0D"3BC./C.%"/5?B5/%"J./0D"/DD/F>@"L2C1"
;4<%""3B/P.D.C%"JB?J"P2113"A0.CCE0."MJ.5"
/AA01A0B/D.@"

<N.*/(-&."&+*>&
?@AEC&

!#X+$"
4/2."/53"6.7/2."
8X*9:""
4./5"/?."&$@'"
-./0C"
!OL!fK"3/D/%"
J./2DJ-"B53BYB3E/2C"

G01CC,
C.FDB15/2"

i5BD.3"KD/D.C"
16"L7.0BF/"

I/CDB5?"?2EF1C."
/53"B5CE2B5@"
OU4L,<R%"
HVL"

LFDB?0/AJ"L4,
*Q'X"
/FF.2.017.D.0%"JBA"
71E5D.3%"3E0B5?"
M/>B5?"J1E0C"610"
*"F15C.FEDBY."3/-C"

ZU)'*"

KD015?"CB?5B6BF/5D"/CC1FB/DB15C"P.DM..5"4ZSL"/53"
21?"OU4L,<R"8[#"\+@Q'+*%"!#+@++X:@""
!1"CB?5B6BF/5D"/CC1FB/DB15"P.DM..5"
F/03B10.CAB0/D10-"6BD5.CC"/53"21?"OU4L,<R@"
L5/2-CBC"M/C"/3bECD.3"610"DJ."61221MB5?"
F1561E53.0Cc"P13-"6/D"9%"C.d%"/?.%"F/03B1Y/CFE2/0"
6BD5.CC@"

<O,88/&."&+*>&
?@AIC&

!#Q`$'""
L?."&`,(+"-./0C""
4/2."/53"6.7/2."
8(*9:"
"
S/0DBFBA/5DC"6017"
DJ."F1015/0-"/0D.0-"
/53"0BC>"
3.Y.21A7.5D"B5"
-1E5?"/3E2DC"
215?BDE3B5/2"F1J10D"
CDE3-"
"

T15?BDE3B5/2"
61221M"EA"/D"("
-./0C"

i5BD.3"KD/D.C"
16"L7.0BF/"

;4<%"^G""

GLRH<L"3B.D"
JBCD10-""

"

U52-"7./CE0.3"/D"
P/C.2B5.")"
LFDBg0/AJ"
E5B/dB/2"
/FF.2.017.D.0"
8713.2"*Q'X:%"
M105"3E0B5?"
M/>B5?"J1E0C"610"
*"F15C.FEDBY."3/-C"

"

;/C.2B5.j"a1D/2"/53"A01215?.3"Ka"M/C"3B0.FD2-"
/CC1FB/D.3"MBDJ";4<"/53"^G"MJ.0./C"4ZSL"M/C"
B5Y.0C.2-"0.2/D.3"8/22"!$+@+(:@"T15?BDE3B5/22-j"
U52-"A01215?.3"Ka"M/C"/CC1FB/D.3"MBDJ"JB?J.0""
;4<"8+@+**%"!#+@+&&:"/53"^G"8+@Q_`"F7%"
!#+@+$`:@""
L5/2-CBC"M/C"/3bECD.3"610"DJ."61221MB5?"
F1561E53.0Cc"/?.%"0/F.%"?.53.0%"F.5D0.%".3EF/DB15%"
/2F1J12"B5D/>.%"C71>B5?"CD/DEC%".5.0?-"B5D/>."M./0"
DB7."/53"P/C.2B5."Y/2E."8610"("-./0"FJ/5?.C"
713.2C:%"4ZSL"8MJ.5"B5Y.CDB?/DB5?"Ka:%"Ka"
8MJ.5"B5Y.CDB?/DB5?"4ZSL:@"

<$+&!,*:+&."&
+*>&?@APC&

!"#"&$+'" G01CC,
C.FDB15/2"/53"

;0/rB2" HVL%"^G%";4<%"
6/D"7/CC"B53.d"

gf!fLFDBY"
/FF.2.017.D.0%"

G01CC,C.FDB15/2j"OB?J.0"4ZSL"/CC1FB/D.3"MBDJ"
21M.0";4<"8[h#h,+@+Q*:%"^G"8[h#h\+@+X&:"YBCF.0/2"



! H^!

!"#$%& '()#*+",(-& !"#$%&$./,0-& 1(2+",(-&& 3+45.4/&(6&
7."+8(*,2&9.+*"9&&

3.+/#4.7.-"&(6&
)9%/,2+*&+2",:,"%&
+-$&
2+4$,(4./),4+"(4%&
6,"-.//&

;./#*"/&&

4/2."8X_@'9:"/53"
6.7/2.""

;/C.2B5."$&"-./0C"
123%"61221M"EA"&+"
-./0C"123"

215?BDE3B5/2"
861221M"EA"/D"
*"-./0C:"

8I/D"7/CC"
8>?:kJ.B?JD"87":"

D0B/dB/2%"M0BCD"
71E5D.3%"8152-"
7./CE0.3"/D"&+"
-./0C:%"$X"J1E0C"/"
3/-"M./0"A01D1F12%"
X,*"F15C.FEDBY."
3/-C"
"
$'"-./0Cj"
<5D.05/DB15/2"
AJ-CBF/2"/FDBYBD-"
eE.CDB155/B0.""

&+"-./0Cj"l/"C.26,
0.A10D.3"
eE.CDB155/B0."
0.?/03B5?"DJ."
3E0/DB15"/53"
M..>2-"60.eE.5F-"
16"2.BCE0.,DB7."
SLm"

/P317B5/2"6/D"8[h#h\+@++':%"/53"6/D"7/CC"B53.d"
8[h#h\+@+Q(:@"K.3.5D/0-"DB7."B53.A.53.5D2-"
/CC1FB/D.3"MBDJ"JB?J.0"6/D"7/CC"B53.d"8[h#h+@++&:c"A"
Y/2E.C"51D"0.A10D.3@"
T15?BDE3B5/2"/5/2-C.C"8eE.CDB155/B0.:j"/3BA1CBD-"
M/C"21M.0"/715?"A/0DBFBA/5DC"MJ1"M.0."
F15CBCD.5D2-"/FDBY."10"MJ1"P.F/7."/FDBY.@"
L3BA1CBD-"M/C"F17A/0/P2."P.DM..5"DJ."lP.F/7."
B5/FDBY.m"/53"lF15CBCD.5D2-"B5/FDBY.m"A/0DBFBA/5DC@""
L5/2-CBC"M/C"/3bECD.3"610"DJ."61221MB5?"
F1561E53.0Cc"?.53.0%"6/7B2-"B5F17."/D"PB0DJ%"
7/D.05/2"CFJ112B5?"/D"PB0DJ%"7/D.05/2"C>B5"F121E0%"
PB0DJ"M.B?JD%"C1FB1.F1517BF"CD/DEC"/53"/FJB.Y.3"
CFJ112B5?"16"DJ."7.7P.0"F1J10D"/D"$&"-./0C%"
C71>B5?"/D"$&"-./0C%"3/B2-".5.0?-"B5D/>."/D"$&"
-./0C@";4<"/53"^G%"C.3.5D/0-"DB7."/53"4ZSL"
MJ.5"/AA01A0B/D.@""

J^_V+%/4*+-6)+9&2;&.)L+J/4G/4!V+6.+S(2+,('936;&A&.)+G3&)H*'A/I269H*+'*')&AL+,`SV+,?63@&.&2I*+Z@26*+6%'/29)(/A&)2*L+;9AV+6;;&3&2/A&)&2+;/?.)'+9&2+A(.?)&L+1=V+56(')+
;(2;?A-&2&.;&L+P,PV+3/5+4&.'()*+3(9/92/)&(.L+a,PV+H(IH+4&.'()*+3(9/92/)&(.L+=RGV+=@2&6;)(:&+92/)&(.V+a$DS@QRV+a/A&/')6)(;+D/4&3+S''&''A&.)+-/2+Q.'?3(.+R&'(')6.;&L+
a%S#;V+%3//4+I3*;6)&4+H6&A/I3/%(.L+MXV+'&4&.)62*+)(A&L+MJV+'&4&.)62*+%&H6:(/?2"



! HP!

8":! @'/&--
4(0,9'&,!0,%!0#8%!7%190%7!09!34!)67!?@!#6:('%6/%.!%6%*&-!%J+%67#0'*%;!7#%0!7#*%/0(-!)::%/0.!

%6%*&-!#60)M%=!!T#%0)*-!#60)M%!#.!#6!+)*0!7*#1%6!<-!)!D%<!9:!%679/*#6%!*%&'()09*.;!.0#8'()0#6&!

,'6&%*!2%=&=!#6/*%).%7!&('/)&96!)67!&,*%(#65!)67!.)0#%0-!2#6/*%).%7!<(997!&('/9.%;!#6.'(#6!)67!

(%+0#65=!4.!+*%1#9'.(-!7#./'..%7;!/,)6&%.!09!0,%.%!%679/*#6%!*%&'()09*.!)*%!/98896!#6!)6!9<%.%!

.0)0%!2l#)9!%0!)(=!^Q^Q5=!i(9<)((-!#0!)++%)*.!7#%0.!)*%!<%/98#6&!89*%!oD%.0%*6#.%7p!2a8)8'*)!

%0! )(=!^Q"H5=!4!.-.0%8)0#/! *%1#%D!9:!7#%0! )896&!"EW!/9'60*#%.! *%1%)(%7! 0,)0!<).%7!96! 0,%#*!

7#%0)*-! +)00%*6! ./9*%.;! &(9<)(! /96.'8+0#96! 9:! o,%)(0,-p! #0%8.! #8+*91%7!<%0D%%6!"VVQ! )67!

^Q"Q;!D,#(.0!/96.'8+0#96!9:!o'6,%)(0,-p!:997.;!,#&,!#6!.)0'*)0%7!:)0;!.)(0!)67!.'&)*!D9*.%6%7!

2a8)8'*)! %0! )(=! ^Q"H5=! K'*0,%*;! 0,%*%! D).! ,%0%*9&%6%#0-! )/*9..! *%&#96.! )67! /9'60*#%.;!

,#&,(#&,0#6&! 0,%! #8+9*0)6/%! 9:! *%&#96! )67! /9'60*-! .+%/#:#/! /'(0'*)(! 7#::%*%6/%.! D,%6!

#61%.0#&)0#6&!7#%0=!

!"E"#! A&5'=1&?&.)+/-+3(&)++
K#67#6&!0,%!<)()6/%!<%0D%%6!.%(%/0#6&!)!*%(#)<(%;!1)(#7!7#%0)*-!)..%..8%60!8%0,97;!0,)0!#.!)(.9!

:%).#<(%!:*98!)!/9.0!)67!+)*0#/#+)60!<'*7%6!+%*.+%/0#1%!#.!/,)((%6&#6&!2i#<.96!^QQH5=!?%1%*)(!

8%0,97.! ,)1%! <%%6! 7%1%(9+%7! 09! %.0#8)0%! 7#%0)*-! #60)M%;! 0,%.%! /)6! <%! <*9)7(-! /()..%7! ).!

+*9.+%/0#1%! 2:997! 7#)*#%.5! 9*! *%0*9.+%/0#1%! 2:997! :*%_'%6/-! _'%.0#966)#*%;! 7#%0! ,#.09*-;! 7#%0!

*%/)((5!)67!%)/,!,)1%!)71)60)&%.!)67!7#.)71)60)&%.!2>)<(%!^=X5=!!

>,%! 1)(#7#0-! 9:! 7#%0)*-! 7)0)! /)6! <%! /98+*98#.%7! 7'%! 09! #6/9**%/0! 7#%0)*-! )..%..8%60! 099(!

.%(%/0#96! 9*! 8%).'*%8%60! %**9*.=! >,#.! #6/('7%.! .-.0%8)0#/! %**9*.;! .'/,! ).! '67%*! )67! 91%*!

*%+9*0#6&;!(#8#0)0#96!9:!7#%0)*-!7)0)!<).%.!:9*!7)0)!+*9/%..#6&;!)67!*)6798!%**9*.!(#M%!%**96%9'.!

7)0)!*%/9*7#6&!9*!%60*-!2i#<.96!^QQH5=!4((!0,%.%!%**9*.!/)6!/98+*98#.%!0,%!#60%*+*%0)0#96!9:!

0,%! *%()0#96.,#+!<%0D%%6!7#%0;!9<%.#0-!)67!90,%*!A[T].=! a8+9*0)60(-;!79'<(-! ()<%((%7!D)0%*!

.0'7#%.!,)1%!,#&,(#&,0%7!,9D!+%*1).#1%!'67%*! *%+9*0#6&!9:!7#%0)*-! #60)M%! #.!D#0,!.%(:F*%+9*0!

7#%0)*-!)..%..8%60!8%0,97.!2i#<.96!^QQH5=!k67%*!*%+9*0#6&!#.!D,%6!+)*0#/#+)60.;!D,%0,%*!#0!

<%!#67#1#7')(.!9*!+9+'()0#96.;!.'</96./#9'.(-!9*!/96./#9'.(-!2.9/#)(!7%.#*)<#(#0-!<#).5;!*%+9*0!

7#%0)*-!%6%*&-!#60)M%.!0,)0!)*%!<%(9D!0,%#*!0*'%!#60)M%;!)67!#6!.98%!#6.0)6/%.!690!<#9(9&#/)((-!

1#)<(%!2i#<.96!^QQH5=!N%0,97.!.'/,!).!0,%!i9(7<%*&!/'0!9::!8%0,97!,)1%!<%%6!7%1%(9+%7!09!

#7%60#:-!'67%*!)67!91%*!*%+9*0#6&=!>,#.!8%0,97!)..'8%.!+)*0#/#+)60.!)*%!#6!%6%*&-!<)()6/%!!)67!

#.!/)(/'()0%7!).!0,%!*)0#9!9:!0,%!8%)6!7)#(-!*%+9*0%7!%6%*&-!#60)M%!09!%.0#8)0%7!<).)(!8%0)<9(#/!

*)0%=!>,#.!*)0#9!#.!0,%6!/98+)*%7!09!+*%7%0%*8#6%7!/'0!9::.!0,)0!*%+*%.%60!0,%!1)('%!<%(9D!D,#/,!

#0!#.!.0)0#.0#/)((-!#0!#.!'6(#M%(-!0,%!*%+9*0%7!*)0#9!9:!!%6%*&-!#60)M%!09!@N$!D9'(7!*%)(#.0#/)((-!

*%:(%/0!,)<#0')(!7)#(-!%6%*&-!#60)M%!9:!)!+%*.96!D#0,!)!.%7%60)*-!(#:%.0-(%!2"=HH!J!<).)(!8%0)<9(#/!



! HG!

*)0%5!2i#<.96!^QQH5=!R0,%*.!,)1%!.'&&%.0%7!%+#7%8#9(9&#/)(!/'0!9::.!#6/('7#6&!\HQQM/)(Z7)-!

)67!ÜPHQQM/)(Z7)-!:9*!D98%6!)67!\EQQM/)(Z7)-!)67!ÜGQQQM/)(Z7)-!:9*!8%6!2e#((%00!^Q"^5=!

j#&,%*!/'0F9::.!,)1%!)(.9!<%%6!+*9+9.%7!:9*!*%.%)*/,!#6!%0,6#/!8#69*#0-!&*9'+.!2i%9*&%!%0!)(=!

^QQGI!c9(96%(!%0!)(=!^QQQ5=!K)/09*.!'6#_'%!09! 0,%!+9+'()0#96!'67%*! #61%.0#&)0#96!6%%7!09!<%!

/96.#7%*%7;!.'/,!).!34!(%1%(.!)67!%6%*&-!%J+%67#0'*%!D,%6!%J+(9*#6&!0,%!+()'.#<#(#0-!9:!0,%!

7#%0)*-!7)0);!<%:9*%!%J/('7#6&!+)*0#/#+)60.!<).%7!96!/'0F9::.!2[)7%!%0!)(=!̂ Q"W5=!R6/%!#7%60#:#%7;!

'67%*!)67!91%*!*%+9*0%*.!)*%!'.')((-!%J/('7%7!:*98!7)0)!)6)(-.#.=!a0!#.!M69D6!0,)0!D98%6!)*%!

89*%!(#M%(-!09!'67%**%+9*0!D,%6!/98+)*%7!09!8%6!)67!'67%*!*%+9*0#6&!#.!)(.9!89*%!+*%1)(%60!

)896&!9<%.%!9*!91%*D%#&,0!#67#1#7')(.!D,%6!/98+)*%7!09!(%)6!.'<f%/0.!24*/,'67#)!j%**%*)!

)67![,)6!^Q"E5=!k6:9*0'6)0%(-;!/'**%60(-!69!.%(:F*%+9*0!7#%0)*-!#60)M%!8%0,97!#.!#88'6%!09!

'67%*!*%+9*0#6&!0,'.!7)0)!)6)(-.#.!6%%7.!09!/96.#7%*!0,#.=!



! HH!

!

N/3*)4\Fj4P+2!/%('+;4+E4?),.+8'4,+42)/'1%)48(),/%&4(;,/C)4>N/3*)4/8/!,)84E%+24>k(3'+;4\]]g94/;84>:(**),,4\]O\994

2%%/%%3/,&-&++B-- D/%)0'L&'+,- 247*,&*K/%- D'%*47*,&*K/%-
% I-'20)1*7()%

]/'K./4-(++4-
0/)+04-

:6)%&'2*%0-)172)%&)*6'/%+'-%)2*7&5*7#8%*6)%
5&',#*%'+%+''/%5#/%#,*-7)#*2%,2,544$%1'#2,&)/%
<^7.2'#%FGGAH9%I5-*71705#*2%<'-%2,00'-*%0)-2'#2H%
-)1'-/J%;)786*%<,27#8%37*16)#%2154)2H%5#/%/)*5742%
'+%544%+''/2%5#/%.)()-58)2%52%*6)$%5-)%1'#2,&)/J%
'()-%5%87()#%*7&)%0)-7'/%<*$071544$%'#)%*'%2)()#%
/5$2H9%%
E+*)#%*;'!/7&)#27'#54%-)0-)2)#*5*7'#2%'+%
/7++)-)#*%2650)2%<2,16%52%5%&5*16%.'NH%5#/%
06'*'8-5062%05-*71705#*2%65()%*53)#%'+%
+''/2_.)()-58)2%5-)%,2)/%*'%6)40%*6)%-)2)5-16)-%
1'#()-*%('4,&)%'-%5-)5%/)21-70*7'#2%*'%)2*7&5*)2%
'+%&522%<8%'-%38H9%%

I-'(7/)2%/)*574)/% 7#+'-&5*7'#%'#% *7&7#8%
'+% &)542J% 0'-*7'#% 27`)% <'.K)1*7()% 51*,54%
5&',#*% 1'#2,&)/HJ% 5#/% /)21-70*7'#% '+%
*6)%+''/%;7*6',*%-)475#1)%'#%&)&'-$9%
D786)-% -)0-'/,17.747*$% 1'&05-)/% *'%
)2*7&5*)/%+''/%-)1'-/9%
=5#% 150*,-)% /7++)-)#1)2% .)*;))#%
;))3/5$%5#/%;))3)#/%7#*53)9%
%
%

D786%05-*71705#*%.,-/)#9%
a)P,7-)2%2',#/%47*)-51$%5#/%
#,&)-51$%237442%5#/%6786%/)8-))%'+%
1'!'0)-5*7'#%+-'&%05-*71705#*9%%
b'/)-5*)%-)2)5-16)-%.,-/)#%/,)%*'%
*6)%45.',-%7#*)#27()%*523%'+%7#0,**7#8%
/5*5%7#*'%/5*5%5#54$272%2'+*;5-)9%
c/)544$%-)P,7-)2%23744)/%-)2)5-16)-2%
5#/%*6)%,2)%'+%1'/7#8%-,4)29%
c&0'-*5#*%*'%)#2,-)%)()#%
-)0-)2)#*5*7'#%'+%544%/5$2%'+%*6)%
;))3%;7*67#%*6)%0'0,45*7'#9%

M%&'3*&/4-(++4-
0/)+04-

]5&)%52%;)786)/%+''/%-)1'-/%)N1)0*%7#2*)5/%'+%
37*16)#%2154)2%5&',#*%1'#2,&)/%72%)2*7&5*)/%
<2,.K)1*7()H!%E+*)#%6',2)6'4/%&)52,-)2%5-)%,2)/%
<K,82J%1,02J%.';42J%20''#2H%;6716%65()%.))#%
2,0047)/%5#/_'-%0-)(7',24$%1547.-5*)/%.$%
-)2)5-16)-2J%'-%.$%&)5#2%'+%5%2)*%'+%2*5#/5-/%
&)52,-)29%%
E+*)#%*;'!/7&)#27'#54%-)0-)2)#*5*7'#2%'+%
/7++)-)#*%2650)2%<2,16%52%5%&5*16%.'NH%5#/%
06'*'8-5062%05-*71705#*2%65()%*53)#%'+%
+''/2_.)()-58)2%5-)%,2)/%*'%6)40%*6)%-)2)5-16)-%
1'#()-*%('4,&)%'-%5-)5%/)21-70*7'#2%*'%)2*7&5*)2%
'+%&522%<8%'-%38H9%%
%

I-'(7/)2%/)*574)/%7#+'-&5*7'#%'#%*7&7#8%
'+%&)542J%0'-*7'#%27`)%<2,.K)1*7()%
)2*7&5*)%'+%5&',#*%1'#2,&)/HJ%5#/%
/)21-70*7'#%'+%*6)%+''/%;7*6',*%-)475#1)%
'#%&)&'-$%
=5#%150*,-)%/7++)-)#1)2%.)*;))#%
;))3/5$%5#/%;))3)#/%7#*53)%
W)22% /72-,0*7'#% *'% 05-*71705#*% #'-&54%
)5*7#8%05**)-#2%5#/% +''/%65.7*2% *65#% *6)%
;)7867#8%'+%+''/9%

b'/)-5*)%05-*71705#*%.,-/)#9%
a)P,7-)2%2',#/%47*)-51$%2374429%%
b'/)-5*)%-)2)5-16)-%.,-/)#%/,)%*'%
*6)%45.',-%7#*)#27()%*523%'+%7#0,**7#8%
/5*5%7#*'%/5*5%5#54$272%2'+*;5-)9%
c/)544$%-)P,7-)2%23744)/%-)2)5-16)-2%
5#/%*6)%,2)%'+%1'/7#8%-,4)29%
a)47)2%'#%05-*71705#*2%5.747*$%*'%
/)21-7.)%0'-*7'#%27`)29%
c&0'-*5#*%*'%)#2,-)%)()#%
-)0-)2)#*5*7'#%'+%544%/5$2%'+%*6)%
;))3%;7*67#%*6)%0'0,45*7'#9%

- a)*-'20)1*7()%



! HX!

2%%/%%3/,&-&++B-- D/%)0'L&'+,- 247*,&*K/%- D'%*47*,&*K/%-
9E^.+$0-0/)*BB- ]*-,1*,-)/%7#*)-(7);J%7#*)#/)/%*'%150*,-)%/)*574)/%

7#+'-&5*7'#%5.',*%544%+''/2%5#/%.)()-58)2%<*$0)2%
5#/%0'-*7'#2H%1'#2,&)/%.$%*6)%05-*71705#*%7#%*6)%
052*%F[%6',-29%%
E+*)#%,2)/%+'-%)2*7&5*7#8%45-8)%0'0,45*7'#2%
/7)*5-$%7#*53)%<)989%#5*7'#54%#,*-7*7'#%2,-()$2H9%
E+*)#%*;'!/7&)#27'#54%-)0-)2)#*5*7'#2%'+%
/7++)-)#*%2650)2%<2,16%52%5%&5*16%.'NH%5#/%
06'*'8-5062%05-*71705#*2%65()%*53)#%'+%
+''/2_.)()-58)2%5-)%,2)/%*'%6)40%*6)%-)2)5-16)-%
1'#()-*%('4,&)%'-%5-)5%/)21-70*7'#2%*'%)2*7&5*)2%
'+%&522%<8%'-%38H9%%

d,713%5#/%4';%1'2*9%%
b7#7&54%05-*71705#*%.,-/)#9%
b'/)-5*)%-)2)5-16)-%.,-/)#9%=5#%.)%
1'&04)*)/%7#%0)-2'#%'-%(75%-)&'*)%
511)22%<06'#)_'#47#)%)*19H%

a)47)2%'#%&)&'-$9%
a)P,7-)2%5%23744)/J%*-57#)/%
7#*)-(7);)-9%%
I5-*71705#*%72%)2*7&5*7#8%0'-*7'#2%7#%
-)*-'20)1*9%

S++4-(0/V$/,)?-
V$/%&'+,,*'0/-
-
-

"22)22%,2,54%/7)*5-$%1'#2,&0*7'#%'()-%5%87()#%
*7&)%0)-7'/%<)989%;))34$J%&'#*64$%'-%$)5-4$HJ%
*6-',86%P,)2*7'#7#8%*6)%,2,54%+-)P,)#1$%
05-*71705#*2%1'#2,&)%+''/%5#/%.)()-58)2%+-'&%5%
+7#7*)J%0-)!/)+7#)/%+''/%472*9%L-)P,)#1$%15*)8'-7)2%
-5#8)%+-'&%#)()-%'-%4)22%*65#%'#1)%0)-%
;))3_&'#*6_$)5-%,0%*'%ZT%*7&)2%0)-%/5$%5#/%
05-*71705#*2%65()%*'%2)4)1*%'#)%'+%*6)2)%'0*7'#29%%
R)0)#/7#8%'#%*6)%LLd%/)278#J%*6)%4)#8*6%'+%*6)%
472*%'+%+''/2%15#%-5#8)%+-'&%5.',*%FG%*'%FGG%7*)&29%
a)0'-*)/%7#*53)%72%47&7*)/%*'%*6)%+''/2%1'#*57#)/%
7#%*6)%+''/%472*9%R)0)#/7#8%'#%*6)%-5#8)%'+%+''/2%
5#/%.)()-58)2%P,)-7)/J%/5*5%15#%.)%,2)/%*'%522)22%
*'*54%/7)*5-$%7#*53)%5#/%'-%1)-*57#%520)1*2%'+%/7)*%
)989%20)17+71%#,*-7)#*29%%
d,5#*7*5*7()% 5#/% 2)&7!P,5#*7*5*7()% LLd2% 7#14,/)%
0'-*7'#%27`)2%*'%'.*57#%P,5#*7*5*7()%/5*59%

W';%*'%&'/)-5*)%05-*71705#*%.,-/)#J%
/)0)#/7#8%'#%4)#8*69%
c#)N0)#27()%*'%5/&7#72*)-%5#/%0-'1)22%7#%
45-8)%0'0,45*7'#2J%)20)17544$%;6)#%7*%72%
/'#)%'#47#)%'-%(75%5%&5167#)%-)5/5.4)%
5#2;)-%26))*9%%
I5-*71705#*%15#%1'&04)*)%7#/)0)#/)#*4$9%
W';%*'%&'/)-5*)%%-)2)5-16)-%5#/%
05-*71705#*%.,-/)#9%
R')2%#'*%7#+4,)#1)%/7)*5-$%.)65(7',-9%
R')2%#'*%-)P,7-)%;)44%*-57#)/%
7#*)-(7);)-29%

a)47)2%'#%&)&'-$9%
a)P,7-)2%47*)-51$%5#/%#,&)-51$%
2374429%%
b)&'-$%'+%052*%/7)*%&5$%.)%
7#+4,)#1)/%.$%0-)2)#*%/7)*9%%
='&04)N%*6)-)+'-)%#'*%500-'0-75*)%
+'-%1674/-)#9%
a)P,7-)2%23744)/%-)2)5-16)-%*'%/)278#%
LLd%*''4J%)20)17544$%;6)#%(547/5*)/9%
%

D'/&-.'%&+0?-- :-57#)/%7#*)-(7);)-%P,)2*7'#2%05-*71705#*2%*'%
522)22%5#/%)2*7&5*)%%,2,54%/7)*5-$%7#*53)%5#/%&)54%
05**)-#2%'()-%5%0-)!/)*)-&7#)/%0)-7'/%<,2,544$%>%
&'#*6H9%

W';%05-*71705#*%.,-/)#9%%
e2*7&5*)2%,2,54%/7)*5-$%7#*53)%5#/%&)54%
05**)-#%'()-%5%4'#8%0)-7'/%'+%*7&)9%

a)47)2%'#%&)&'-$9%
a)P,7-)2%5%23744)/J%*-57#)/%
7#*)-(7);)-9%%
D786%-)2)5-16)-%.,-/)#%



! HW!

2%%/%%3/,&-&++B-- D/%)0'L&'+,- 247*,&*K/%- D'%*47*,&*K/%-
=5#%*53)%2)52'#54%(5-75*7'#%'+%/7)*%7#*'%
511',#*9%%
R')2%#'*%7#+4,)#1)%/7)*5-$%.)65(7',-9%
=5#%145227+$%05-*71705#*2%7#*'%+''/%
1'#2,&0*7'#%15*)8'-7)29%
%

I5-*71705#*%72%)2*7&5*7#8%0'-*7'#2%7#%
-)*-'20)1*9%b72!-)0'-*7#8%72%
1'&&'#9%='&05-)/%*'%/7)*%-)1'-/2%
/7)*5-$%7#*53)%&'-)%473)4$%*'%.)%
'()-)2*7&5*)/9%%
]'&)%+''/2%&5$%#'*%.)%-)0'-*)/%/,)%
*'%2'1754%/)27-5.747*$9%

!



! HE!

!"E"!! ,(&)51*+F=(3&2(.&'+
e,#(.0!0,%!/96/%+0!9:!)!,%)(0,-!7#%0!#.!690!6%D;!D,)0!/96.0#0'0%.!)!,%)(0,-!7#%0!#.!/96.0)60(-!

<%#6&!*%:#6%7=!['**%60!&(9<)(!)67!AB!7#%0)*-!&'#7%(#6%.!%6/9'*)&%!)6!#6/*%).%7!#60)M%!9:!:*'#0.!

)67!1%&%0)<(%.;!D,9(%!&*)#6!/%*%)(.!)67!:#<*%!)67!*%7'/%7!.)0'*)0%7!:)0;!:*%%!.'&)*.;!*%:#6%7!

.0)*/,;!)67!.97#'8!2N#6#.0*-!9:!j%)(0,!A%D!B%)()67!̂ Q^QI!e9*(7!j%)(0,!R*&)6#.)0#96!̂ Q^Q<5=!

4(.9!#6!^Q"V;!#6!)00%8+0!09!&'#7%!)!&(9<)(!0*)6.:9*8)0#96!9:!0,%!:997!.-.0%8;!0,%!C4>nW/;-),!

*%+9*0!+*91#7%7!)!*9)7!8)+!9:!)6!9+0#8)(!7#%0)*-!+)00%*6!09!+*9890%!<90,!,'8)6!,%)(0,!).!D%((!

).!0,%!%61#*968%60)(!,%)(0,!9:!0,%!+()6%0!2e#((%00!%0!)(=!^Q"V5=!>,%!*%/988%67%7!7#%0!#6/('7%.!

)!,#&,!#60)M%!9:!+()60F<).%7!:997.!#6/('7#6&!1%&%0)<(%.;!:*'#0.;!D,9(%!&*)#6.;!(%&'8%.;!6'0.;!

)67!'6.)0'*)0%7!9#(.;!)!(9D!09!897%*)0%!)89'60!9:!.%):997!)67!+9'(0*-;!)67!69!9*!1%*-!(#00(%!

*%7!8%)0;!+*9/%..%7!8%)0;!)77%7!.'&)*;!*%:#6%7!&*)#6.;!)67!.0)*/,-!1%&%0)<(%.=!!

!"E"E! ,(&)+5.3+?&)5%/2(:+D&52)D++
>,%!i(9<)(!@'*7%6!9:!T#.%).%!?0'7-!#61%.0#&)0%7!0,%!)..9/#)0#96.!<%0D%%6!:997!/96.'8+0#96!

)67! A[T].! )67! 89*0)(#0-! )/*9..! "VH! /9'60*#%.! 24:.,#6! %0! )(=! ^Q"V5=! >,%-! *%+9*0%7! 0,)0!

#6.'::#/#%60!7#%0)*-!#60)M%!#6/('7#6&!/9*%!Ö,%)(0,-]!:997.!)67!6'0*#%60.!2%=&=;!:*'#0;!1%&%0)<(%.;!

D,9(%&*)#6.;!)67!7#%0)*-!:#<*%5;!)67!%J/%..#1%!#60)M%!9:!696F%..%60#)(!Ö7#./*%0#96)*-]!:997.!)67!

6'0*#%60.! 2%=&=;! .'&)*! .D%%0%6%7! <%1%*)&%.;! *%7! )67! +*9/%..%7! 8%)0.! )67! .97#'85! D).! 0,%!

(%)7#6&!/)'.%!9:!7%)0,!/98+)*%7!09!)((!90,%*!*#.M!:)/09*.!:9*!A[T.;!#6/('7#6&!09<)//9!.89M#6&=!

4!e%.0%*6!.0-(%!7#%0;!0-+#:#%7!<-!,#&,!#60)M%.!9:!7#./*%0#96)*-!:997.!#6/('7#6&I!*%:#6%7!&*)#6.;!

+*9/%..%7!8%)0;!:*#%7!:997.;!*%7!8%)0!)67!(9D!#6!:#<*%!,).!<%%6!6%&)0#1%(-!)..9/#)0%7!!D#0,!

,#&,%*! <97-! D%#&,0;! @Na;! )7#+9.#0-! )67! D)#.0! 09! ,#+! *)0#9! )67! #6/*%).%7! *#.M! 9:! A[T.]!

#6/('7#6&!>^T!2@%((!%0!)(=!^Q"HI!U'7D#&!%0!)(=!^Q"EI!3)*)7#.!%0!)(=!^QQVI!?#6&,!%0!)(=!^Q"W5=!

[961%*.%(-;!)!o+*'7%60p!9*!o,%)(0,-p!7#%0)*-!+)00%*6!2:*'#0.;!1%&%0)<(%.;!D,9(%&*)#6.;!%&&.;!:#.,!

)67!.%):9975;!!#.!+%*.#.0%60(-!)..9/#)0%7!D#0,!)!,%)(0,#%*!<97-!/98+9.#0#96!2@%/M!%0!)(=!^Q"EI!

A%D<-!%0!)(=!^QQPI!3)*)7#.!%0!)(=!^QQVI!?'(#&)!%0!)(=!^Q"H5;!8%0)<9(#/!*%&'()0#96;!:)19'*%7!(#+#7!

+*9:#(%!)67!*%7'/%7!#6:()88)0#96!2C.+9.#09!%0!)(=!^Q"PI!c).09*#6#!%0!)(=!^Q""5=!!

?+%/#:#/!09!0,%!AB!.%00#6&;!d)-).#6&,%!%0!)(=!2^Q"V5!/)**#%7!9'0!)!/98+*%,%6.#1%!#61%.0#&)0#96!

#6! )! /9,9*0! 9:! +*%8%69+)'.)(! 3)/#:#/;! Nq9*#! )67! C'*9+%)6;! AB! D98%6;! (99M#6&! )0! 0,%!

*%()0#96.,#+!<%0D%%6!7#%0)*-!+)00%*6.;!<97-!/98+9.#0#96!)67!8%0)<9(#/!<#98)*M%*.=!K#67#6&.!

.,9D%7!D98%6!D#0,!,#&,%*!./9*%.!:9*!)!Ö*%:#6%7!)67!+*9/%..%7]!7#%0)*-!+)00%*6!,)7!,#&,%*!@Na!

)67! )7#+9.#0-;! ,#&,%*! /#*/'()0#6&! (%1%(.! 9:! #6.'(#6! )67! (%+0#6;! )67! (9D%*! (%1%(.! 9:! &,*%(#6!

/98+)*%7! 09! 0,9.%! D#0,! (9D%*! ./9*%.=! >,%! Ö*%:#6%7! )67! +*9/%..%7]! 7#%0)*-! +)00%*6! D).!

798#6)0%7!<-!7#./*%0#96)*-!:997.;!#6/('7#6&!7%%+!:*#%7!)67!:).0!:997;!*%:#6%7!&*)#6.!)67!.9:0!

7*#6M.=!e,%6! .0*)0#:#%7!<-!%0,6#/#0-;! 0,%-!)(.9! :9'67!89*%!Nq9*#! 2H"L5!)67!3)/#:#/! 2XEL5!



! HV!

D98%6!)67!:%D%*!ABC!2"XL5!D98%6!:9((9D%7!0,%!Ö*%:#6%7!)67!+*9/%..%7]!+)00%*6;!D,%*%).!

89*%!ABC!D98%6!:9((9D%7!0,%!Ö.D%%0!)67!.)19'*-!.6)/M#6&]!+)00%*6=!4!&*%)0%*!'67%*.0)67#6&!

9:! 0,%! 7#%0)*-! +*)/0#/%.! 9:! AB! Nq9*#! )67! 3)/#:#/! D98%6! /98+)*%7! 09! ABC! D98%6! 8)-!

/960*#<'0%!09D)*7.!'67%*.0)67#6&!)67!)77*%..#6&!9<%.#0-!)67!8%0)<9(#/!7#.%).%!*#.M.!#6!0,%.%!

+9+'()0#96.!"!

$%.%)*/,%*.!)&*%%!0,)0!7#%0)*-;!#6!/98<#6)0#96!D#0,!34!#60%*1%60#96.;!)*%!89*%!%::%/0#1%!0,)6!

)00%8+0#6&! 09!897#:-! 0,%.%!<%,)1#9'*.! #67%+%67%60(-! 24()8#)6!)67!3)*)7#.!^Q"^I!4(1)*%bF

4(1)*%b!%0!)(=!^Q"EI!C((#90!)67!j)8(#6!^Q"E5=!34!#67'/%.!/,)6&%.!#6!,9*896%.!#8+(#/)0%7!#6!

)++%0#0%!*%&'()0#96!2#6/('7#6&!(%+0#6;!&,*%(#6;!+%+0#7%!hh;!&('/)&96F(#M%!+%+0#7%F"!)67!#6.'(#65!

2i967#8!%0!)(=!^Q"HI!?/,'<%*0!%0!)(=!^Q"G5=!>,%*%:9*%!<%#6&!,)<#0')((-!+,-.#/)((-!)/0#1%!)((9D.!

#67#1#7')(.!09!,)1%!)!,%#&,0%6%7!.%6.#0#1#0-!09!0,%#*!)++%0#0%!*%&'()0#96;!<%00%*!8)0/,#6&!%6%*&-!

#60)M%!D#0,!%6%*&-!%J+%67#0'*%!2@('67%((!%0!)(=!̂ QQPI!T9*(#6&!%0!)(=!̂ Q"EI!j9+M#6.!)67!@('67%((!

^Q"X5=!!

!"E"@! J/:(/&:/./?(:+')5)='+5.3+3(&)++
j#&,%*!.9/#9%/9698#/!.0)0'.!#.!/96.#.0%60(-!)..9/#)0%7!D#0,!/96.'8#6&!)!,#&,%*!_')(#0-!7#%0!

2T)*896!)67!T*%D69D.M#!^QQE5;! #6/('7#6&!,#&,%*! #60)M%!9:!:#<*%;!1#0)8#6!4!)67![;!:9()0%;!

/)(/#'8! )67! #*96! 2U)*.96! )67! ?09*-! ^QQV5=! a6! /960*).0;! +%9+(%! D,9! (#1%! #6! 7%+*#1%7!

/988'6#0#%.!,)1%!*%7'/%7!:997!.%/'*#0-;!:9*!%J)8+(%!!+99*%*!)//%..!09!:*'#0!)67!1%&%0)<(%.!

2['88#6.!)67!N)/#60-*%!^QQXI!C)&(%!%0!)(=!^Q"^5;!D,#/,!/9'(7!(%)7!09!)!+99*%*!7#%0!_')(#0-=!

U9D%*!_')(#0-!7#%0.!2/98+*#.%7!9:!,#&,!.'&)*!)67!:)0!/960%605!).!D%((!).!%6%*&-!7%6.%!:997.!

2/98+*#.%7!9:!*%:#6%7!&*)#6.;!)77%7!.'&)*.;!9*!:)0.5!,)1%!<%%6!:9'67!09!<%!/,%)+%*!96!)!+%*F

M#(9f9'(%!<).#.!)67!(9D%*!#6/98%!&*9'+.!0%67!09!.%(%/0!/,%)+%*!)67!89*%!%6%*&-!7%6.%!7#%0.!

2T)*896! )67! T*%D69D.M#! ^Q"H5=! U#1#6&! #6! 0,%! 89.0! 7%+*#1%7! )*%).! #6! AB! 7%/*%).%.! 0,%!

(#M%(#,997!9:!/96.'8#6&!0,%!*%/988%67%7!7)#(-!.%*1#6&.!9:!:*'#0!)67!1%&%0)<(%.!<-!PPL;!#6!

/98+)*#.96!09!#67#1#7')(.!(#1#6&!#6!0,%!(%).0!7%+*#1%7!)*%).!2N#6#.0*-!9:!j%)(0,!A%D!B%)()67!

^Q^"5=!>,%!^QQEZQV!AB!A)0#96)(!A'0*#0#96!?'*1%-!:9'67!0,)0!3)/#:#/!D98%6!D%*%!6%)*(-!0,*%%!

0#8%.!89*%!(#M%(-!09!(#1%!#6!)!,9'.%,9(7!0,)0!,)7!(9D!:997!.%/'*#0-!/98+)*%7!09!696F3)/#:#/!

D98%6!2N#6#.0*-!9:!j%)(0,!A%D!B%)()67!^Q"^5=!!

>,%.%!7#::%*%6/%.!#6!7#%0!_')(#0-!<%0D%%6!,#&,!)67!(9D!.9/#9%/9698#/!.0*)0)!/)6!<%!%J+()#6%7!

<-!)!6'8<%*!9:!%61#*968%60)(!:)/09*.!#6/('7#6&;!7#::%*%6/%.!#6!)1)#()<#(#0-!9:!,%)(0,-!:997.!

<%0D%%6! 0,%.%! 6%#&,<9'*,997.;! ()/M! 9:! 0#8%! )67Z9*! *%.9'*/%.! :9*! :997! +*%+)*)0#96! )67!

%/9698#/!<)**#%*.!09!+'*/,).%!,%)(0,-!:997!2U)*.96!)67!?09*-!^QQV5=!



! XQ!

8"A! B$&-3')0+5'+&*-
>,%! &'0! 8#/*9<#90)! #.! )! /98+(%J! %/9(9&#/)(! /988'6#0-! 9:! /988%6.)(;! .-8<#90#/! )67!

+)0,9&%6#/!8#/*9F9*&)6#.8.=!>,%!&'0!8#/*9<#90)!+()-.!)!+#190)(!*9(%!#6!6'0*#%60!8%0)<9(#.8;!

).!0,%*%!)*%!.%1%*)(!0-+%.!9:!/)*<9,-7*)0%.;!#6/('7#6&!7#%0)*-!:#<*%.;!.'/,!).!*%.#.0)60!.0)*/,;!

/%(('(9.%;!J-()6.!)67!#6'(#6;!0,)0!,'8)6!%6b-8%.!/)6690!7#&%.0!2[,)8<%*.!%0!)(=!^Q"E5=!!e,%6!

0,%.%!/)*<9,-7*)0%.!)*%!:%*8%60%7!)67!8%0)<9(#.%7!<-!0,%!&'0!8#/*9<#90);!0,%!+*#8)*-!+*97'/0.!

9:!0,%#*!<*%)M79D6!)*%!.,9*0!/,)#6!:)00-!)/#7.!2?[K4.5;!.'/,!).!)/%0)0%;!+*9+#96)0%!)67!<'0-*)0%!

2U#'!%0!)(=!^Q^^5=!>,%.%!?[K4].!+()-!)!.#&6#:#/)60!*9(%! #6!&'0!)67!&%6%*)(!,%)(0,;! #6/('7#6&!

)/0#6&!).!)6!%6%*&-!.9'*/%!:9*!8#/*9<%.;!897'()0#6&!#6:()88)0#96;!)67!&'0!890#(#0-!2U#'!%0!)(=!

^Q^^5=!?[K4].!)(.9!)..#.0!D#0,!*%&'()0#6&!.)0#%0-;!0,%*%:9*%!,%(+#6&!09!*%&'()0%!:997!#60)M%!2U#'!

%0! )(=! ^Q^^5=! a6! )6#8)(! 897%(.! 9:! 9<%.#0-;! <'0-*)0%! ,).! <%%6! .,9D6! 09! #6/*%).%! %6%*&-!

%J+%67#0'*%;! #8+*91%! #6.'(#6! .%6.#0#1#0-;! )67! *%7'/%! )7#+9.#0-! 2i)9! %0! )(=! ^QQV5=! >,'.! )6!

#8<)()6/%! #6!,%)(0,-! )67!'6,%)(0,-!8#/*9<%.! #6! 0,%!&'0! 27-.<#9.#.5!8)-!/960*#<'0%! 09!,9.0!

,%)(0,;!#6/('7#6&!9<%.#0-!)67!>^T=!

!"@"#! A&5'=1&?&.)+/-+F=)+?(:1/%(/)5++
?#6/%! 0,%! %)*(-! ^QQQ].! ,#&,! 0,*9'&,+'0;! 8#/*9<#90)! .%_'%6/#6&! 0%/,6#_'%.;! ,)1%! &*%)0(-!

%19(1%7!)67!)*%!69D!8'/,!89*%!)//%..#<(%!:9*!*%.%)*/,=!>,%!89.0!/9.0!%::%/0#1%;!/98896(-!

'.%7!.%_'%6/%!0%/,6#_'%!#.!"X!*$A4!&%6%!.%_'%6/#6&!2i997*#/,!%0!)(=!̂ Q"G5;!,9D%1%*!.,90&'6!

8%0)&%698#/.! #.!<%#6&!'.%7!89*%! :*%_'%60(-;!).! #0!,).!<%/98%!89*%!)::9*7)<(%=!e,#(%!"X.!

*$A4!96(-!*%)7.!96%!*%&#96!9:!0,%!TA4!2"X.!*$A4!&%6%.5;!.,90&'6!8%0)&%698#/.!/)6!*%)7!

)((!&%698#/!TA4!#6!)!.)8+(%=!?,90&'6!8%0)&%698#/.!/)6!/,)*)/0%*#.%!79D6!09!0,%!.+%/#%.!

(%1%(!29*!.98%0#8%.!.0*)#6!(%1%(5;!,9D%1%*!0,%!0)J9698#/!*%.9('0#96!#.!89*%!(#8#0%7!D#0,!"X.!

*$A4;!D#0,!/,)*)/0%*#.)0#96!0-+#/)((-!79D6!09!0,%!:)8#(-!9*!&%6'.!(%1%(!24(()<)67!%0!)(=!^Q"V5=!

"X.! *$A4! #.! )(.9! 89*%! +*96%! 09! .%_'%6/#6&! %**9*.! )67! 7#::%*%6/%.! ).! )! *%.'(0! 9:! 7#::%*%60!

*%&#96.!/,9.%6!:9*!)6)(-.#.!2%=&=;!,-+%*1)*#)<(%!*%&#96!SP!1.!SG5!2d)67)!)67!4<<900!^QQW5=!!

>,%!&'0!8#/*9<#90)!#.!8)7%!'+!9:!1)*#9'.!<)/0%*#)(!.+%/#%.;!0)J9698#/)((-!/()..#:#%7!<-!&%6'.;!

:)8#(-;!9*7%*!)67!+,-()=! a6/*%).%7!)//%..! 09! 0,%!):9*%8%60#96%7!.%_'%6/#6&! 0%/,6#_'%.!,).!

)((9D%7!8#/*9<#9(9&#.0.!09!#7%60#:-!D#0,!/96:#7%6/%;!0,%!8)#6!<)/0%*#)(!+,-()!D#0,#6!0,%!,'8)6!

:)%/%.I! 5(%2(-1,)'@4 7/-,)%+(8),)'@4 =-,(;+3/-,)%(/@4 <%+,)+3/-,)%(/@4 51'+3/-,)%(/4 /;84

0)%%1-+2(-%+3(/=! >,%! 0D9! 89.0! +*98#6%60! +,-()! <%#6&! 5(%2(-1,)'! )67! 7/-,)%+(8),)'4

2>)669/M! ^Q"W5F! CJ)8+(%.! 9:! :)8#(#%.! D#0,#6! 0,%! 5(%2(-1,)'4 +,-()! )*%! J12(;+-+--/-)/)@4

$13/-,)%(/-)/)4/;84W/-.;+'!(%/-)/)4)67!%J)8+(%.!9:!:)8#(#%.!D#0,#6!0,%!7/-,)%+(8),)'!+,-()!

)*%!J(C);)**/-)/);!<%)H+,)**/-)/)!)67!7/-,)%+(8/-)/)4 2>)669/M!^Q"W5=! a67#1#7')(!,'8)6.]!

&'0!8#/*9<#90)!)*%!.,)+%7!#6!#6:)6/-;!)67!#6:('%6/%7!<-!)!6'8<%*!9:!:)/09*.!#6/('7#6&;!897%!



! X"!

9:!7%(#1%*-!)0!<#*0,;!8%0,97!9:!#6:)60!:%%7#6&;!'.%!9:!/%*0)#6!8%7#/)0#96.!2%=&=!)60#<#90#/.5!)67!

&%6%0#/.! 2e%6! )67! T'::-! ^Q"W5=! >,#.! o6)0#1%p! &'0! 8#/*9<#90)! *%8)#6.! *%()0#1%(-! .0)<(%!

0,*9'&,9'0!(#:%;!,9D%1%*!#.!#6:('%6/%7!<-!+,-.#/)(!)/0#1#0-;!/'(0'*)(!)67!7#%0)*-!,)<#0.;!<97-!

/98+9.#0#96!)67!)&%!2U9b'+96%!%0!)(=!^Q"^5=!>,'.!)!*%:%*%6/%!/98+9.#0#96!9:!)!o,%)(0,-p!&'0!

8#/*9<#90)!,).!690!<%%6!7%:#6%7!)67!#.!7#::%*%60!:9*!%1%*-96%=!j9D%1%*;!)!*#/,%*!89*%!7#1%*.%!

8#/*9<#90)! 79%.! /,)*)/0%*#.%! )! 89*%! ,%)(0,-! &'0! 8#/*9<#90)! 2K)6! )67! 3%7%*.%6! ^Q^"5;! )67!

7#1%*.#96!:*98!0,#.!9*!o7-.<#9.#.p!/,)*)/0%*#.%.!)!(%..!,%)(0,!&'0!8#/*9<#90)!2$#66#6%(()!%0!)(=!

^Q"V5=!4!,#&,!:#<*%!7#%0!.'/,!).!D,9(%&*)#6.;!1%&%0)<(%.;!:*'#0!)67!(%&'8%.!#.!M69D6!09!#6/*%).%!

0,%!8#/*9<#)(!7#1%*.#0-=!!

N#/*9<#)(!7-.<#9.#.!/)6!<%!7%0%*8#6%7!'.#6&!)!*)6&%!9:!8%).'*%.;!#6/('7#6&!<'0!690!(#8#0%7!09;!

7#1%*.#0-!2u!9*!ä5;!.+%/#%.!*#/,6%..!9*!8#/*9<#)(!)<'67)6/%.!.'/,!).!*%()0#1%!)<'67)6/%!2L5!!)0!

1)*#9'.!0)J9698#/!(%1%(.!2%=&=!:)8#(-;!&%6%*)!9*!.+%/#%.5!)67!)(0%*)0#96.!#6!0,%!*)0#9!<%0D%%6!

0,%! 798#6)60! +,-()! K#*8#/'0%.! )67! @)/0%*9#7%0%.! 25(%2(-1,)'67/-,)%+(8),)'5! 2N)&6%! %0! )(=!

^Q^Q5=! T%/*%).%7! 8#/*9<#90)! 7#1%*.#0-! )67! *#/,6%..! )67! )! ,#&,%*! 5(%2(-1,)'67/-,)%+(8),)'!

*)0#9!2)(0,9'&,!69!#7%)(!*)0#9!,).!<%%6!:9*8)((-!7%:#6%75!,)1%!<%%6!)..9/#)0%7!D#0,!9<%.#0-;!

>^T!)67!)(0%*%7!<(997!&('/9.%!2U%-!%0!)(=!^QQX5=!j9D%1%*!0,%!)<'67)6/%!9:!5(%2(-1,)'!#6!0,%!

&'0!8#/*9<#90)!9:!,%)(0,-!#67#1#7')(.!<%%6!.,9D6!09!1)*-!<%0D%%6!""L!09!VHL!)67!0,)0!9:!

@)/0%*9#7%0%.!<%0D%%6!Q=XL!09!EX=XL;!0,%*%:9*%!)6!9+0#8)(!5(%2(-1,)'67/-,)%+(8),)'!*)0#9!:9*!

,'8)6!,%)(0,!,).!690!<%%6!7%:#6%7!2N)&6%!%0!)(=!^Q^Q5=!4(+,)!2u5!7#1%*.#0-;! #.! 0,%!)1%*)&%!

.+%/#%.!7#1%*.#0-!2.#8#()*#0-!9*!7#..#8#()*#0-5!D#0,#6!)!.#6&(%!.)8+(%!D,#(%!8%).'*%.!9:!<%0)!2ä5!

7#1%*.#0-;! #67#/)0%! !7#1%*.#0-!<%0D%%6!+9+'()0#96.!2m#)6!%0!)(=!^Q^Q5=!>,%*%!)*%!)!6'8<%*!9:!

7#::%*%60!8%0*#/.!/98896(-!'.%7!09!_')60#:-!u!7#1%*.#0-;!0,%.%!/)6!<%!<*9M%6!79D6!#609!0,*%%!

&%6%*)(! /)0%&9*#%.Y! "5! 8%).'*%.! 9:! .+%/#%.! *#/,6%..;! ^5! 8%).'*%.! 9:! .+%/#%.! %1%66%..;! P5!

8%).'*%.!0,)0!/96.#7%*!*#/,6%..!)67!%1%66%..=!?+%/#%.!*#/,6%..!#.!0,%!6'8<%*!9:!.+%/#%.!)0!)!

.+%/#:#/!.#0%!2.+%/#%.!/9'60;!9+%*)0#96)(!0)J9698#/!'6#0.!2R>k].55!2m#)6!%0!)(=!^Q^Q5=!?+%/#%.!

%1%66%..!#67#/)0%.!,9D!%1%6(-!7#.0*#<'0%7!)<'67)6/%.!)*%!<%0D%%6!)((!+*%.%60!.+%/#%.!)0!)!.#0%!

2%=&=!3#%(9'].!C1%66%..5!)67!91%*)((!7#1%*.#0-!8%0*#/.!.'/,!).!?,)6696! #67%J!/96.#7%*!<90,!

*#/,6%..!)67!%1%66%..=!N)6-!8%0*#/.!)(.9!%J#.0!09!8%).'*%!ä!7#1%*.#0-;!.'/,!).!k6#:*)/!7#.0)6/%!!

9*! @*)-F['*0#.! 2m#)6! %0! )(=! ^Q^Q5=! >,%-! )((! /96.#7%*! 7#::%*%60! ).+%/0.! 9:! /988'6#0-!

,%0%*9&%6%#0-;! #6/('7#6&! .,)+%! 2)<'67)6/%! 9:! %)/,! 0)J965! )67! .#b%! 291%*)((! )<'67)6/%! +%*!

.)8+(%5!=!@*)-F['*0#.!#.!)!/98896!%J)8+(%!9:!)!8%0*#/!0,)0!/96.#7%*.!.,)+%!).!D%((!).!.#b%=!



! X^!

!"@"!! K(.H+%&)4&&.+F=)+?(:1/%(/)5+5.3+/%&'()*++
>,%!.%8#6)(!D9*M!9:! d%::*%-!i9*796.!)67!/9((%&%.!7%896.0*)0%7!/)'.)(#0-!<%0D%%6! 0,%!&'0!

8#/*9<#90);!9<%.#0-!)67!8%0)<9(#/!)<69*8)(#0#%.!2@t/M,%7!%0!)(=!^QQG5=!U%)6!&%*8F:*%%!8#/%!

D%*%!#6:%/0%7!D#0,!:)%/)(!8)00%*!:*98!/961%60#96)((-!*)#.%7!8#/%!2#=%=;!8#/%!*)#.%7!#6!/960)/0!

D#0,!8#/*9<%.5!)67!D,#(.0!0,%*%!D).!69!#6/*%).%!#6!/)(9*#%!#60)M%;!0,%!8#/%!#6/*%).%7!#6!D%#&,0!

<-!XQL!)67!7%1%(9+%7!#6.'(#6!*%.#.0)6/%!):0%*!"G!7)-.!2@t/M,%7!%0!)(=!^QQG5=!477#6&!09!0,#.;!

&%*8F:*%%!8#/%!*%/%#1%7!:)%/)(!8)00%*!:*98!%#0,%*!(%)6!9*!9<%.%!8#/%!D,#(.0!/)(9*#%!#60)M%!D).!

/960*9((%7=!!2>'*6<)'&,!%0!)(=!^QQX5!4:0%*!0D9!D%%M.;!#0!D).!690%7!0,)0!0,%!8#/%!D,9!*%/%#1%7!

:)%/)(!8)00%*!:*98!0,%!9<%.%!7969*.!<%/)8%!9<%.%;!)67!0,9.%!D,9!*%/%#1%7!(%)6!:)%/)(!8)00%*!

*%8)#6%7!(%)6!2>'*6<)'&,!%0!)(=!^QQX5=!a6!)!.#8#()*!.0'7-;!(%)6;!&%*8F:*%%!8#/%!D%*%!:%7!:)%/%.!

:*98!%#0,%*!)6!9<%.%!9*!(%)6!,'8)6!0D#6=![)(9*#%!#60)M%!D).!/960*9((%7!)67!0,%!8#/%!:%7!9<%.%!

:)%/%.!<%/98%!91%*D%#&,0;!)67!0,%!8#/%!:%7!(%)6!:)%/%.!*%8)#6%7!(%)6I!D,%6!0,%!8#/%!D%*%!

,9'.%7!09&%0,%*!)67!)0%!%)/,!90,%*].!:)%/%.;!0,%#*!D%#&,0.!<%/)8%!.#8#()*!2$#7)'*)!%0!)(=!̂ Q"P5=!

>,%.%!:#67#6&.!+*91#7%!+()'.#<(%!%1#7%6/%!9:!)!*%()0#96.,#+!<%0D%%6!0,%!&'0!8#/*9<#90)!)67!

9<%.#0-='

j'8)6!.0'7#%.!)*%!89*%!(#8#0%7;!)(0,9'&,!9<%.%!#67#1#7')(.!79!)++%)*!09!.,9D!)!7#::%*%6/%!#6!

0,%#*!&'0!8#/*9<#90)!/98+9.#0#96!D,%6!/98+)*%7! 09! 0,%#*! (%)6%*!/9'60%*+)*0.! 2@9'0%*!%0! )(=!

^Q"WI!>'*6<)'&,!%0!)(=!^QQV5!2U%-!^Q"QI!$)1'..#6!%0!)(=!^Q"^5=!a0!D).!#6#0#)((-!.+%/'()0%7!0,)0;!

)!,%)(0,-;!(%)6!,'8)6!,)7!)!,#&,%*!5(%2(-1,)'67/-,)%+(8),)'!*)0#9;!)67!,#&,%*!7#1%*.#0-!)67!

*#/,6%..! 9:! 0,%! 8#/*9<#90)! D,%6! /98+)*%7! 09! #67#1#7')(.! D#0,! 9<%.#0-! 2U%-! %0! )(=! ^QQXI!

>'*6<)'&,!%0!)(=!^QQX5=!e,%6!(%)6!+)*0#/#+)60.!)67!+)*0#/#+)60.!D#0,!9<%.#0-!:9((9D%7!)!(9D%*!

/)(9*#%! 7#%0! :9*! H^! D%%M.;! 0,%! 5(%2(-1,)'67/-,)%+(8),)'! *)0#9! 9:! +)*0#/#+)60.! D#0,! 9<%.#0-!

)++*9)/,%7!0,%!.)8%!+*9+9*0#96.!).!9<.%*1%7!#6!0,%!(%)6!&*9'+!2U%-!%0!)(=!^QQXI!>'*6<)'&,!%0!

)(=!^QQX5=!j9D%1%*!)!*%/%60!*%1#%D!/96/('7%7!0,)0!0,%!%1#7%6/%!)..9/#)0#6&!0,%!+*9+9*0#96.!9:!

<)/0%*#)(!+,-()!5(%2(-1,)'!)67!7/-,)%+(8),)'!D#0,!9<%.#0-;!o#.!690!/961#6/#6&p!)67!#.!.0#((!)!

8)00%*! 9:! 7%<)0%! 2N)&6%! %0! )(=! ^Q^Q5=! N%0,979(9&#/)(! 7#::%*%6/%.! #6! .0'7#%.;! +99*!

/,)*)/0%*#.)0#96!9:!+9+'()0#96.!'67%*!#61%.0#&)0#96!)67!:)#('*%!09!/96.#7%*!(#:%.0-(%!:)/09*.!.'/,!

).!7#%0;!34!)67!)60#<#90#/!'.%;!M69D6!09!)::%/0!&'0!8#/*9<#90)!/98+9.#0#96!)67!7#1%*.#0-!)++%)*!

09!/96:9'67!0,%!9<.%*1%7!%::%/0!!2N)&6%!%0!)(=!^Q^Q5=!!

!"@"E! CD*'(:52+5:)(9()*+5.3+)D&+F=)+?(:1/%(/)5+
K9*!.98%!#67#1#7')(.;!34!)0!0,%!%J0*%8%!%67!9:!0,%!.+%/0*'8!2#60%6.%!+*9(96&%7!345;!.'/,!).!

8)*)0,96! *'66#6&;! 6%&)0#1%(-! )::%/0.! 0,%! 7#&%.0#1%! .-.0%8;! /)'.#6&! o%J%*/#.%F#67'/%7!

&).0*9#60%.0#6)(! .-67*98%p! D#0,! .-8+098.;! .'/,! ).! 6)'.%);! 198#0#6&;! )<798#6)(! +)#6;!

:()0'(%6/%;!9*!7#)**,9%)!2$#<%#*9!%0!)(=!^Q^"5=!j9D%1%*;!897%*)0%!(%1%(.!9:!34!0%67!09!,)1%!)!



! XP!

<%6%:#/#)(!%::%/0!96!)<.9*+0#96!9:!6'0*#%60.!#6/('7#6&!%(%/0*9(-0%.;! #60%.0#6)(!+%*8%)<#(#0-;!).!

D%((!).!0,%!*)0%!9:!%J/*%0#96!9:!09J#/!8%0)<9(#/!+*97'/0.!23%0%*.!%0!)(=!"VVV5=!a0!#.!0,9'&,0!0,%.%!

&).0*9#60%.0#6)(!.-8+098.!8)-!<%!)..9/#)0%7!D#0,!34!#67'/%7!)(0%*)0#96.!09!0,%!&'0!8#/*9<#90)!

8)M%'+;!#6/('7#6&!0)J9698#/!)67!/988'6#0-!/,)6&%.;!!)(0,9'&,!M69D(%7&%!96!0,%!'67%*(-#6&!

8%/,)6#.8!#.!+99*(-!'67%*.0997!2N)#(#6&!%0!)(=!^Q"V5!2>)<(%!^=W5=!

C)*(-! )6#8)(! *%.%)*/,! 7%896.0*)0%7! 0,)0;! #6! *)0.;! "^! D%%M.! 9:! #6/*%).%7! 19('60)*-! *'66#6&!

%J%*/#.%;!*%.'(0%7!#6!#6/*%).%7!8#/*9<#90)!7#1%*.#0-!!2?,)6696!7#1%*.#0-!#67%J;!2K2";^Q!`!W=E;!

!#Q=QQ"55!2C1)6.!%0!)(=!̂ Q"G5=!K9*!8#/%!:%7!,#&,!:)0!7#%0.!209!#67'/%!9<%.#0-5;!%J%*/#.%!+*90%/0%7!

0,%8! :*98! 9<%.#0-! )67! 0,%*%! D%*%! )..9/#)0%7! /,)6&%.! #6! 0,%! *)0#9! 9:! 0,%! :9'*! 8)f9*! +,-()!

27/-,)%+(8),)'@4 =-,(;+3/-,)%(/@4 <%+,)+3/-,)%(/4 /;84 5(%2(-1,)'5! 9:! 0,%! &'0! 8#/*9<#90)=! >,%!

/,)6&%.!)..9/#)0%7!D#0,!%J%*/#.%!9*!)!,#&,!:)0!7#%0!)(96%;!D%*%!#6!0,%!.)8%!7#*%/0#96;!)(0,9'&,!

0,%!8)&6#0'7%!#6!<)/0%*#)(!7#1%*.#0-!D).!&*%)0%*!#6!0,%!/98<#6%7!,#&,!:)0!)67!%J%*/#.%!&*9'+=!

46!#61%*.%!*%()0#96.,#+!<%0D%%6!090)(!7#.0)6/%!*'6!)67!0,%!5(%2(-1,)'67/-,)%+(8),)'!*)0#9!D).!

)(.9!*%+9*0%7=!j9D%1%*;!0,#.!*%()0#96.,#+!8)-!690!<%!/(%)*!/'0;!).!:#67#6&.!<-!c)6&!%0!)(=!2c)6&!

%0! )(=! ^Q"G5;! D,%*%! 0,%! *%()0#96.,#+! <%0D%%6! %J%*/#.%! )67! 0,%! &'0! 8#/*9<#90)! #6! 8#/%! D).!

7%0%*8#6%7!09!<%!#67%+%67%60=!a0!#.!#8+9*0)60!09!690%!0,)0!#6!)6#8)(!.0'7#%.!0,%!8%0)<9(#/!,%)(0,!

9:!0,%!)6#8)(!8)-!+()-!)!*9(%!#6!7%0%*8#6#6&!34F#67'/%7!/,)6&%.!#6!0,%!8#/*9<#90)=!?0'7#%.!

#619(1#6&!7#)<%0#/!8#/%! ,)1%! *%+9*0%7!7#::%*%60!8#/*9<#90)! .,#:0.! /98+)*%7! 09! 696F7#)<%0#/!

8#/%!):0%*!.#J!D%%M.!9:!%J%*/#.%!2U)8<%*0!%0!)(=!^Q"H5=!!

>,%!:#*.0!.0'7-!09!%J+(9*%!/,)6&%.!#6!0,%!&'0!8#/*9<#90)!9:!,%)(0,-!,'8)6!#67#1#7')(.!#6!*%()0#96!

09!34! :9'67! 0,)0! /98+)*%7! 09! .#b%F8)0/,%7! /960*9(.;! +*9:%..#96)(!8)(%! *'&<-!+()-%*].! &'0!

8#/*9<#90)!,)7!)!&*%)0%*!7#1%*.#0-!D#0,#6!0,%!5(%2(-1,)'!+,-()!2[()*M%!%0!)(=!̂ Q"G)5!2>)<(%!̂ =W5=!

a0!D).!+*9+9.%7!0,)0!&*%)0%*!7#1%*.#0-!D#0,#6!0,%!5(%2(-1,)'!+,-()!8)-!,%(+!8)#60)#6!)!,%)(0,#%*!

#60%.0#6)(!%61#*968%60=!j9D%1%*;!<%/)'.%!0,%!7#%0!9:!0,%!)0,(%0%.!7#::%*%7!.#&6#:#/)60(-!:*98!

0,%!7#%0!9:!0,%!/960*9(.I!%.+%/#)((-!,#&,%*!+*90%#6!#60)M%.;!0,%!.+%/#:#/!*9(%!9:!34!/9'(7!690!<%!

/96/('.#1%(-!%.0)<(#.,%7!2[()*M%!%0!)(=!̂ Q"G<5=!>,%!:)%/)(!.)8+(%.!9:!0,%!+)*0#/#+)60.!D%*%!()0%*!

*%F)6)(-.%7!'.#6&!8%0)&%698%!.,90&'6!.%_'%6/#6&!)((9D#6&!89*%!.+%/#:#/!7%0)#(!96!0)J9698#/!

/98+9.#0#96!)67!:'6/0#96)(!+90%60#)(!9:!0,%!8#/*9<#90)!2@)*096!%0!)(=!^Q"E5=!$%.'(0.!*%1%)(%7!

0,)0!89*%!+*98#6%60!7#::%*%6/%.! #6! 0,%!8#/*9<#90)! %J#.0%7! )0! 0,%! :'6/0#96)(!8%0)<9(#/! (%1%(!

*)0,%*!0,)6!0,%!/98+9.#0#96)(!(%1%(!D,%6!/98+)*#6&!)0,(%0%!09!/960*9(.=!?+%/#:#/)((-!(99M#6&!)0!

?[K4.;!,#&,%*!(%1%(.!9:!)/%0)0%;!+*9+#96)0%;!<'0-*)0%!)67!1)(%*)0%!D%*%!9<.%*1%7!#6!)0,(%0%.!

/98+)*%7! 09! /960*9(.=! j9D%1%*;! ).! D#0,! 0,%! #6#0#)(! .0'7-;! D,#(.0! 0,%*%! D).! )! .#&6#:#/)60!

7#::%*%6/%! <%0D%%6! %(#0%! 8)(%! )0,(%0%.! )67! .%7%60)*-! #67#1#7')(.;! 7'%! 09! 0,%! +90%60#)(!



! XG!

/96:9'67#6&! :)/09*!9:! 7#%0;! 0,%! )..9/#)0#96!D#0,!34!/9'(7!690! <%!7%0%*8#6%7! 2@)*096! %0! )(=!

^Q"E5=!!

[).%!.0'7#%.!)67!+*9.+%/0#1%!.0'7#%.!#6!D%((F0*)#6%7!%67'*)6/%!)0,(%0%.!.%%8!09!*%1%)(!/(%)*!

*%.'(0.=! K9'*! D%((F0*)#6%7! 8)(%! )0,(%0%.! +*91#7%7! .099(! .)8+(%.! :9*! 8%0)&%698#/! .,90&'6!

.%_'%6/#6&!<%:9*%;!7'*#6&!)67!):0%*!)!/960#6'9'.;!PPF7)-;!HQQQåM8!0*)6.9/%)6#/!*9D#6&!*)/%!

2c%9,)6%!%0!)(=!^Q"V5=!$%.'(0.!*%1%)(%7!0,)0!8#/*9<#)(!7#1%*.#0-!#6/*%).%7!0,*9'&,9'0!0,%!'(0*)F

%67'*)6/%!%1%60=!>,#.!#6/('7%7!)6!#6/*%).%7!)89'60!9:!<'0-*)0%!+*97'/#6&!.+%/#%.!)67!I+%)/4

*+;A(-/,);/4D,#/,!,).!<%%6!+9.#0#1%(-!)..9/#)0%7!D#0,!#6.'(#6!.%6.#0#1#0-!2@*),%!%0!)(=!^Q"H5=!

a60%*%.0#6&(-! )0! 0,%! 0,*%%! 8960,! :9((9D! '+! 8)6-! 9:! 0,%! )7)+0#96.! #6! 8#/*9<#)(! /988'6#0-!

.0*'/0'*%!+%*.#.0%7!2c%9,)6%!%0!)(=!^Q"V5=!j9D%1%*!#6/*%).%7!8#/*9<#90)!)(+,)!7#1%*.#0-!#.6]0!

)(D)-.!)!+9.#0#1%!#67#/)09*!:9*!&'0!,%)(0,;!).!#0!8)-!<%!)..9/#)0%7!D#0,!0,%!&*9D0,!9:!+90%60#)((-!

,)*8:'(!<)/0%*#)!.'/,!).!3*90%9<)/0%*#)! 2c)*(!%0!)(=!^Q"W5=!4(.9;! !)!oD9*(7!/()..p!8)*)0,96!

*'66%*!7%896.0*)0%7!)6!#6/*%).%!#6!)(+,)!7#1%*.#0-;!0D9!,9'*.!+9.0F*)/%!2i*9.#/M#!%0!)(=!^Q"V5=!

j9D%1%*!D,%6!#61%.0#&)0#6&!0,%!.+%/#:#/!0)J9698#/!/,)6&%.!9:!0,%!8)*)0,96!*'66%*;!.98%!9:!

0,%!#6/*%).%.!D%*%!#6!0,%!+90%60#)((-!,)*8:'(!Y/)2+!.(*1'!)67!G,%)!,+-+--1'!!&%6%*)=!>,%.%!

:#67#6&.!+*91#7%!.'++9*0#6&!%1#7%6/%!0,)0!)/'0%;!%67'*)6/%!34!(#M%(-!/960*#<'0%.!09!)(0%*)0#96.!

#6!,'8)6!&'0!8#/*9<#90);!,9D%1%*!0,%.%!/,)6&%.!)*%!690!)(D)-.!<%6%:#/#)(=!!

R0,%*.!,)1%!)..%..%7!(96&!0%*8!34!19('8%!)67!#0.!)..9/#)0#96!D#0,!0,%!&'0!8#/*9<#90)!

2j)8+096FN)*/%((!%0!)(=!^Q^Q5!2>)<(%!^=W5=!>9!/)+0'*%!)!*%7'/0#96!#6!0*)#6#6&!19('8%!0,*9'&,!

0,%!.%).96;!7#1#.#96!96%!/9((%&#)0%!.D#88%*.!D%*%!)..%..%7!7'*#6&!+%)M!0*)#6#6&!0,*9'&,!

0,%#*!#6F.%).96!0)+%*!2j)8+096FN)*/%((!%0!)(=!^Q^Q5=!4(0,9'&,!69!.#&6#:#/)60!/,)6&%.!#6!<97-!

/98+9.#0#96!D%*%!:9'67;!)!.#&6#:#/)60!7%/*%).%!#6!8#/*9<#)(!uF7#1%*.#0-!).!D%((!).!)!7%/*%).%!

#6!0,%!+*9+9*0#96!9:!0,%!<'0-*)0%!+*97'/#6&!<)/0%*#)!5/)-/*(3/-,)%(1242+,-('8!5(%2(-1,)'5!

)67!P+!%+-+--1'42+,-('8!7/-(**+,/5!D).!9<.%*1%7=!a0!#.!#8+9*0)60!09!690%!0,)0!7#%0)*-!7)0)!

D).!690!/9((%/0%7!)67!0,%*%:9*%!690!/960*9((%7!:9*!#6!0,#.!.0'7-=!4(.9;!#6!)!/9,9*0!9:!/-/(#.0.;!

):0%*!/960*9((#6&!:9*!7#%0)*-!#60)M%!)67!#67%+%67%60!9:!<%#6&!+*9:%..#96)(!9*!)8)0%'*;!

:*%_'%6/-!9:!0*)#6#6&!D).!+9.#0#1%(-!)..9/#)0%7!D#0,!/9'60.!9:!:)%/)(!<%)H+,)**/!2+,-('8!

7/-,)%+(8),)'5;!)!:).0!&*9D#6&!<)/0%*#)!#619(1%7!#6!%6%*&-!)67!/)*<9,-7*)0%!8%0)<9(#.8!

23%0%*.%6!%0!)(=!^Q"W5=!>,#.!.0'7-!,9D%1%*!'.%7!o_'%.0#966)#*%.!96!7#%0p!)67!o)(/9,9(!

/96.'8+0#96p;!0,'.!69!#6F7%+0,!7#%0)*-!7)0)!D).!/9((%/0%7!2>)<(%!^=W5=!![98<#6%7!0,%.%!

.0'7#%.!.'&&%.0!0,)0!)896&!,'8)6.!0,%!&'0!8#/*9<#90)!)++%)*.!09!<%!)(0%*%7;!:9((9D#6&!

/,)6&%.!#6!34!19('8%;!,9D%1%*!0,%!):9*%8%60#96%7!)..9/#)0#96.!8)-;!)0!(%).0!#6!+)*0;!<%!)!

*%.'(0!9:!7#::%*%6/%.!#6!7#%0;!#6/('7#6&!/)*<9,-7*)0%!#60)M%!*)0,%*!0,)6!34=!!



! XH!

>,%!&'0!8#/*9<#90)!9:!#67#1#7')(.!D#0,!1)*-#6&!(%1%(.!9:!/)*7#9*%.+#*)09*-!:#06%..!).!8%).'*%7!

<-!+%)M!9J-&%6!'+0)M%!2SR^!+%)M5!,).!<%%6!#61%.0#&)0%7!2C.0)M#!%0!)(=!^Q"X5=!k.#6&!)!7#%0)*-!

*%/)((!8%0,97;!+)*0#/#+)60.]!7#%0.!D%*%!8)0/,%7!)67!#0!D).!7%896.0*)0%7!0,)0!

/)*7#9*%.+#*)09*-!:#06%..!D).!+9.#0#1%(-!/9**%()0%7!D#0,!#6/*%).%7!&'0!8#/*9<#)(!)(+,)!

7#1%*.#0-!)67!)!,#&,%*!+*97'/0#96!9:!0,%!?[K4;!<'0-*)0%=!>,#.!:#67#6&!.'++9*0.!0,%!0,9'&,0!

0,)0!#6/*%).%7!+,-.#/)(!:#06%..!8)-!.'++9*0!91%*)((!&'0!,98%9.0).#.!)67!,%)(0,!0,*9'&,!

/,)6&%.!#6!0,%!&'0!8#/*9<#90)=!>,%-!)(.9!*%+9*0%7!)!+9.#0#1%!)..9/#)0#96!<%0D%%6!

/)*7#9*%.+#*)09*-!:#06%..!)67!:)%/)(!/9'60.!:9*!)!6'8<%*!9:!<)/0%*#)!:*98!0,%!+,-('8!

5(%2(-1,)'!2.+%/#:#/)((-I!9*7%*!P*+',%(8(/*)'!:)8#(-!W/-.;+'!(%/-)/);!:)8#(-!

$%&'(!)*+,%(-./-)/);!&%6'.!P+!%+-+--1';!&%6'.!J+')31%(/!)67!&%6'.!=8*)%-%)1,f(/!2+,-('8!

=-,(;+3/-,)%(/5=!N9*%!*%/%60(-;!#61%.0#&)0#6&!,%)(0,-!-9'6&!)7'(0.;!)!.#&6#:#/)60!2.#&6#:#/)6/%!

.%0!)0!!\Q=QQG5;!+9.#0#1%!)..9/#)0#96!<%0D%%6!5(%2(-1,)'67/-,)%+(8),)'!*)0#9!)67!

/)*7#9*%.+#*)09*-!:#06%..!2*!`!Q=GE;!!ÜQ=QQP5!D).!*%+9*0%7;!<'0!690!D#0,!90,%*!:#06%..;!7#%0)*-!

#60)M%;!9*!)60,*9+98%0*#/!1)*#)<(%.!2!\Q=QQG5!2T'*M!%0!)(=!^Q"V5=!!

a0!#.!#8+9*0)60!09!690%!0,)0!)((!9:!0,%!):9*%8%60#96%7!.0'7#%.!,)1%!#6/('7%7!%(#0%!9*!

*%/*%)0#96)(!)0,(%0%.;!0,%*%:9*%;!)..9/#)0#96.!<%0D%%6!34!)67!0,%!&'0!8#/*9<#90)!#6!0,%!&%6%*)(!

+'<(#/!)*%!(%..!/(%)*=!a61%.0#&)0#6&!/988'6#0-F7D%((#6&!9(7%*!8%6;!!U)6&.%089!%0!)(=!2^Q"V5!

*%+9*0%7!69!/96.#.0%60!+)00%*6!<-!+,-('8!)67!9<f%/0#1%(-!8%).'*%7!34!D).!690!)..9/#)0%7!

D#0,!uF7#1%*.#0-=!j9D%1%*;!0,%-!*%+9*0%7!)!D%)M!.0)0#.0#/)((-!.#&6#:#/)60!)..9/#)0#96!<%0D%%6!

.%(:F*%+9*0%7!34!)67!äF7#1%*.#0-!):0%*!)7f'.08%60!:9*!/91)*#)0%.;!.'&&%.0#6&!0,)0!34!96(-!,).!

)!.8)((!%::%/0!96!1)*#)0#96!)896&!/9*%!0)J)=!477#6&!09!0,#.;!D,%6!#61%.0#&)0#6&!0,%!&'0!

8#/*9<#90)!9:!.%7%60)*-!)67!+,-.#/)((-!)/0#1%!2ejR!&'#7%(#6%.5!+*%8%69+)'.)(!D98%6;!#0!

D).!*%+9*0%7!0,)0!):0%*!)7f'.0#6&!:9*!7#%0)*-!#60)M%;!34!D).!690!)..9/#)0%7!D#0,!7#::%*%6/%.!#6!

8#/*9<#90)!7#1%*.#0-!9*!*#/,6%..!2<90,!0,%!090)(!6'8<%*!9:!R>k.!)67!.+%/#%.!*%/9*7%75!

2@*%..)!%0!)(=!^Q"W5=!>,#.!.0'7-!7#7!,9D%1%*!:#67!)!6%&)0#1%!)..9/#)0#96!<%0D%%6!?@!)67!

8#/*9<#90)!*#/,6%..!).!D%((!).!)!+9.#0#1%!)..9/#)0#96!<%0D%%6!34!)67!:)%/)(!/9'60.!:9*!&%6'.!

7(E(8+3/-,)%(12!2+,-('8!=-,(;+3/-,)%(/5!)67!=CC)%2/;'(/421-(;(!.(*/!2+,-('8!

0)%%1-+2(-%+3(/5=!!=CC)%2/;'(/421-(;(!.(*/4,).!<%%6!)..9/#)0%7!D#0,!#8+*91%7!8%0)<9(#/!

8)*M%*.;!0,%!.0#8'()0#96!9:!&'0!+%+0#7%!,9*896%!.%/*%0#96;!#8+*91%7!&'0!#60%&*#0-;!)67!0,%!

*%7'/0#96!9:!8%0)<9(#/!#6:()88)0#96!2?#!%0!)(=!^Q^^5=!4(.9;!7(E(8+3/-,)%(12!#.!)!()/0#/!)/#7F

+*97'/#6&!<)/0%*#)!)67!7'%!09!0,%#*!+9.#0#1%!)..9/#)0#96!D#0,!,%)(0,!)*%!/98896(-!'.%7!#6!

+*9<#90#/.!2?,)*8)!%0!)(=!^Q^"5=!a6!/960*).0!09!@*%..)!%0!)(=!2^Q"W5;!)896&!,#&,(-!0*)#6%7!

)0,(%0%.;!@)*096!%0!)(=!2^Q"E5!*%+9*0%7!)!*%7'/0#96!#6!7(E(8+3/-,)%(12!)<'67)6/%!D#0,!



! XX!

#6/*%).%7!34=!>)M%6!09&%0,%*!0,%.%!9<.%*1)0#96)(!.0'7#%.!.'++9*0!0,%!0,9'&,0!0,)0!34!#.!

)..9/#)0%7!D#0,!+9.#0#1%!)(0%*)0#96.!09!0,%!,'8)6!&'0!8#/*9<#90)!7#1%*.#0-!)67!0)J9698#/!

/98+9.#0#96=!a0!)++%)*.!0,%.%!)..9/#)0#96.!)*%!.0*96&%.0!#6!0*)#6%7;!+,-.#/)((-!:#0!#67#1#7')(.;!

<'0!)*%!96(-!<%6%:#/#)(!09!)!/%*0)#6!34!0,*%.,9(7;!)0!D,#/,!#0!0,%6!8)-!,)1%!)!6%&)0#1%!#8+)/0!

96!0,%!&'0!8#/*9<#90)=!a0!#.!690!/(%)*!D,)0!(%1%(!9:!34!#.!6%%7%7!09!#67'/%!0,%.%!+9.#0#1%!

/,)6&%.!09!0,%!&'0!8#/*9<#90)=!K'*0,%*;!0,%!/96:9'67#6&!:)/09*.!9:!7#%0!)67!+9..#<(-!.(%%+!)*%!

)6!#..'%;!)67!+*%1%60!)6-!/(%)*!/96/('.#96!:*98!<%#6&!7*)D6;!0,%*%:9*%!0,%.%!:)/09*.!8'.0!<%!

/96.#7%*%7!#6!:'0'*%!*%.%)*/,=!!

>,#.!#.!)!*#+%!)*%)!9:!*%.%)*/,!<'0!0,%!,%0%*9&%6%#0-!<%0D%%6!.0'7-!8%0,979(9&-!+*%/('7%.!)6-!

:#*8!/96/('.#96.! :*98!<%#6&!7*)D6=!K9*!%J)8+(%;!1)*#)0#96.! #6!34! 0-+%!)67!7'*)0#96;!,9D!

+,-.#/)((-!:#0!+)*0#/#+)60.!)*%!9*!0,%!8%0)<9(#/!.0)0%!9:!+)*0#/#+)60.;!,9D%1%*!#0!#.!7#::#/'(0!09!

#.9()0%!0,%!%::%/0!9:!%)/,!#67#1#7')(!1)*#)<(%=!>,%!/9,9*0.!9:!+)*0#/#+)60.!#6/('7%7!#6!0,#.!)*%)!

9:!*%.%)*/,!)*%!%J0*%8%(-!7#1%*.%=!N9.0!,'8)6!.0'7#%.!#61%.0#&)0%!%(#0%!)0,(%0%.!9*!+,-.#/)((-!

:#0! #67#1#7')(.=!e,9!)*%!89*%!+,-.#/)((-!:#0!)67!0%67!09!,)1%!)!'6#_'%!7#%0)*-!+*9:#(%!D,%6!

/98+)*%7!09!696F)0,(%0#/!#67#1#7')(.!D,9!+'*.'%!*%/*%)0#96)(!34!2[()*M%!%0!)(=!^Q"G)5=!>,%!

8)f9*#0-! 9:! 0,%! &%6%*)(! +9+'()0#96! #.! '60*)#6%7;! 0,%*%:9*%! 09! #8+*91%! 0,%! *%(#)<#(#0-! 9:! )6-!

)..9/#)0#96.!.%%6!<%0D%%6!34!)67! 0,%!&'0!8#/*9<#90)! #6! 0,%!&%6%*)(!+'<(#/;!%.+%/#)((-!,#&,!

8%0)<9(#/!7#.%).%!*#.M!+9+'()0#96.;!89*%!.0'7#%.!)*%!6%%7%7=!a6!)77#0#96!09!0,#.!0,%*%!,).!<%%6!

)!/)((!:9*!*%.%)*/,!09!:9/'.!96!0,%!/960*#<'0#96!9:!/'**%60!ejR!34!79.%!*%/988%67)0#96.!96!

&'0! 8#/*9<#90)! /98+9.#0#96! 2?,),)*! %0! )(=! ^Q^Q5=! >,#.! D#((! ,%(+! :'*0,%*! &'#7%! 34!

*%/988%67)0#96.!:9*!0,%!&%6%*)(!+9+'()0#96=!N9.0!*%.%)*/,!,).!<%%6!/)**#%7!9'0!#6!C'*9+%)6!

+9+'()0#96.!2>)<(%!̂ =W5=!T%.+#0%!0,%!M69D(%7&%!9:!1)*#)0#96.!#6!0,%!&'0!8#/*9<#90)!/98+9.#0#96!

9:!,%)(0,-!#67#1#7')(.!:*98!7#::%*%60!%0,6#/!&*9'+.!2T%./,).)'J!%0!)(=!^Q"E5;!1%*-!:%D!,)1%!

#61%.0#&)0%7!%0,6#/!8#69*#0#%.]!)..9/#)0#96.!<%0D%%6!34!)67!0,%!&'0!8#/*9<#90)!2>)<(%!^=W5=!

>,'.!#0!#.!#8+9*0)60!0,)0!8#69*#0-!%0,6#/!&*9'+.!)*%!#6/('7%7!#6!:'0'*%!*%.%)*/,!).!0,%#*!'6#_'%!

&'0!8#/*9<#90)!+*9:#(%!8)-!*%.+967!7#::%*%60(-!09!34!D,%6!/98+)*%7!09!C'*9+%)6!+9+'()0#96.=!

K'*0,%*;!D#0,#6!0,#.!)*%)!9:!*%.%)*/,;!8%0,97.!9:!8%).'*#6&!34!)*%!#6/96.#.0%60=!N9.0!.0'7#%.!

'.%!.%(:F*%+9*0%7!_'%.0#966)#*%.!09!7%0%*8#6%!34!2@)*096!%0!)(=!̂ Q"EI![()*M%!%0!)(=!̂ Q"G<I!N|*M(!

%0!)(=!̂ Q"WI!3%0%*.%6!%0!)(=!̂ Q"W5;!96(-!.98%!9:!0,%.%!<%#6&!1)(#7)0%7!2@)*096!%0!)(=!̂ Q"EI![()*M%!

%0! )(=! ^Q"G<I! N|*M(! %0! )(=! ^Q"W5=! S%*-! :%D! '.%7! 9<f%/0#1%! 8%).'*%.! 9:! 34! .'/,! ).!

)//%(%*98%0%*.!2U)6&.%089!%0!)(=!^Q"V5!2@*%..)!%0!)(=!^Q"W5=!!

>,%!#60#8)0%!*%()0#96.,#+!<%0D%%6!34!)67!7#%0!#.!)(.9!%1#7%60!#6!*%.%)*/,!96!0,%!&'0!

8#/*9<#90)=!>,#.!#67#/)0%.!0,)0!D,%6!0,%!0*'%!9*!.+%/#:#/!*%()0#96.,#+!<%0D%%6!34!)67!0,%!



! XW!

/98+9.#0#96!)67!)/0#1#0-!9:!0,%!&'0!8#/*9<#90)!#.!7%0%*8#6%7;!0,%!/96:9'67#6&!#6:('%6/%!9:!

7#%0)*-!#60)M%!8'.0!<%!/96.#7%*%7!09!7%%8!)6-!:#67#6&.!*%(%1)60I!#0!#.!+)*)89'60!0,)0!7#%0!#.!

/960*9((%7!:9*!#6!)6-!.0)0#.0#/)(!897%((#6&!2>'*6<)'&,!%0!)(=!^QQXI!m=!h)6&!%0!)(=!^Q^Q5=!

4(0,9'&,!8)6-!.0'7#%.!&)0,%*!7#%0)*-!#60)M%!#6:9*8)0#96!0,%-!:)#(!09!/960*9(!:9*!#0.!

/96:9'67#6&!%::%/0!!2@)*096!%0!)(=!^Q"EI![()*M%!%0!)(=!^Q"G<I!T'*M!%0!)(=!^Q"VI!C.0)M#!%0!)(=!

^Q"XI!N|*M(!%0!)(=!^Q"W5=!K'*0,%*;!&*9D#6&!%1#7%6/%!#.!,#&,(#&,0#6&!0,%!#8+)/0!0,)0!.(%%+!

<%,)1#9'*!,).!96!0,%!&'0!8#/*9<#90);!)!/96:9'67%*!696%!9:!0,%!):9*%8%60#96%7!.0'7#%.!

/960*9((%7!:9*!)67!:'0'*%!.0'7#%.!.,9'(7!.%*#9'.(-!/96.#7%*!2>,)#..!%0!)(=!^Q"G5=!U).0(-;!&'0!

8#/*9<#90)!.0'7#%.!79!690!)(D)-.!/960*9(!:9*!90,%*!#8+9*0)60!/96:9'67#6&!1)*#)<(%.!#6/('7#6&!

&%67%*;!%0,6#/#0-;!&).0*9#60%.0#6)(!#..'%.!)67!0,%!'.%!9:!)60#<#90#/.=!



! XE!

N/3*)4\Fa4<.&'(-/*4/-,(H(,&4/;84,.)4A1,42(-%+3(+,/4

:&$4?- A*0&')'L*,&%-- :&$4?-
4/%'K,--

O')0+5'+&*-
*,*B?%'%--
-

A2-*,4-
)*04'+0/%L'0*&+0?-
('&,/%%-
*%%/%%3/,&-
-

P+^7*0'*&/%- =/%$B&%--

TPB*0Q/-/&-
*B"-9H!E*U-
N0/B*,4--

Yf@T%
I-'+)227'#54%&54)%
-,8.$%5*64)*)2%<#%
f%[GH%58)%5#/%2)N%
&5*16)/%1'#*-'42%
145227+7)/%7#*'%
)7*6)-%4';%Vbc%
<Qf%FA%38_&"H%
#fFX%'-%6786)-%
Vbc%<gF@%38_&"H%
#fFXJ%%
FXUXA%$)5-2%'4/%
c-726%<Yf%@AH%5#/%
c#/75#%<Yf>H%

=-'22!
2)1*7'#54%
%
%
%

>T]%-aY"%
8)#)%
5&047+715*7'#%
'+%*6)%S[%
-)87'#%

I"%522)22)/%.$%
(547/5*)/%eIc=!
Y'-+'43%
P,)2*7'##57-)%
%

>@M!+''/%7*)&%
LLd%
%

•! "*64)*)2%h!/7()-27*$%;52%6786)-%1'&05-)/%
*'%*6)%6786%Vbc%<]65##'#%7#/)NJ%
]7&02'#HJ%'-%.'*6%1'#*-'4%8-',02%
<I6$4'8)#71%/7()-27*$J%=65'>J%E.2)-()/%
20)17)2%!"G9GA9%

•! I-'*)7#%7#*53)%0'27*7()4$%1'--)45*)2%;7*6%
h!/7()-27*$%<]65##'#%7#/)NJ%]7&02'#J%
I6$4'8)#71%/7()-27*$J%=65'>J%E.2)-()/%
20)17)2H<1'--)45*7'#%1')++717)#*2%G9F[!
G9[XJ%!"G9GAH%

•! I-'*)7#%511',#*)/%+'-%&'-)%'+%*'*54%
)#)-8$%7#*53)%5&'#8%5*64)*)2%<FFiH%
1'&05-)/%*'%4';%Vbc%<>TiH%5#/%6786%
Vbc%<>AiH%1'#*-'42%

•! "*64)*)2%1'#2,&)/%&'-)%0-'*)7#%52%5%
0)-1)#*58)%'+%*'*54%)#)-8$%1'&05-)/%*'%
1'#*-'42%

TM%&*Q'- /&-
*B"-9H!GU"--
-
P+$,&0?-
$,Q,+Z,-

YfX?%%
D)54*6$%&54)2%
<#fFFH%5#/%
+)&54)2J%%
>@UXA%$)5-2%'4/%
e*6#717*$%#'*%
2*5*)/%%

=-'22!
2)1*7'#54%
%
%

>T]%-aY"%
8)#)%
5&047+715*7'#%
'+%*6)%SX%5#/%
S[%-)87'#%

=5-/7'-)207-5*'-$%
+7*#)22%!%I)53%
'N$8)#%,0*53)%
<SE"0)53H%

]7#84)%F[6-%
/7)*5-$%-)1544%%

•! R)*)-&7#)/%*65*%/7)*%;52%#'*%5%
1'#+',#/7#8%+51*'-9%%

•! c#1-)527#8%SE"#0)53%278#7+715#*4$%
1'--)45*)/%;7*6%7#1-)52)/%h!/7()-27*$%
<20)17)2%-716#)22%!#G9G>>J%$'+,

"%f%F9G[J%
1')++717)#*%)2*7&5*)%f%A9XTJ%%%f%F9>M%H%

•! &'()%*+,+-(.)/0$').12*+-/0
3-456')!+*-4.-.05#/%
7*8)+!.('%*+45-4.-.%8)#)-5%278#7+715#*4$J%
0'27*7()4$%522'175*)/%;7*6%SE"#0)53%<!"%
G9GAH%<.,*$-5*)!0-'/,17#8%&)&.)-2H%



! XV!

:&$4?- A*0&')'L*,&%-- :&$4?-
4/%'K,--

O')0+5'+&*-
*,*B?%'%--
-

A2-*,4-
)*04'+0/%L'0*&+0?-
('&,/%%-
*%%/%%3/,&-
-

P+^7*0'*&/%- =/%$B&%--

TY0/%%*-/&-
*B"-9H!@U-
-
:L*',-

Yf[GJ%%
D)54*6$%
0-)&)#'05,254%
;'&)#B%51*7()%<#%
f%>?H%5#/%
2)/)#*5-$%
</)+7#)/%.$%
&))*7#8%'-%#'*%
&))*7#8%CDE%
I"%8,7/)47#)2%
-)20)1*7()4$H%
>@U[G%$)5-2%'4/%
Vbc%FG!FA%38_&"##

=5,15275#%%

=-'22!
2)1*7'#54%
%
%
%

>T]%-aY"%
8)#)%
5&047+715*7'#%
'+%*6)%SX%5#/%
S[%-)87'#%

I"%&)52,-)/%.$%
"1*7%!]4))0%
S9X9[9F%
511)4)-'&)*)-%

?M%+''/%7*)&%LLd% •! Y'%278#7+715#*%/7++)-)#1)%7#%h!/7()-27*$%
.)*;))#%51*7()%5#/%2)/)#*5-$%8-',02%
<E.2)-()/J%=65'>J%]65##'#%7#/)NH%

•! L_V%-5*7'%/7/%#'*%278#7+715#*4$%/7++)-%
.)*;))#%8-',02%

•! ]78#7+715#*4$%6786)-%0-)2)#1)%'+%+5&747)2%
9-*6.)+.((-4.-.%<!#G9GG>H%5#/%
:,'*+1-4%.*-4.-.%<!#G9GG?H%7#%2)/)#*5-$%
1'&05-)/%*'%51*7()%;'&)#%%

•! "1*7()%8-',0%1'#2,&)/%278#7+715#*4$%
6786)-%+7.-)%1'&05-)/%*'%2)/)#*5-$%8-',0%
XG9?%(2%F>9A%8_/5$%-)20)1*7()4$%<!#G9GGAH%

TO_0QB-/&-
*B"-9H!@U-
-
2$%&0'*-

Yf>GTJ%%
L)&54)2B%
"#'-)N75%#)-('25%
05*7)#*2%<#%f%>@HJ%
5*64)*)2%<#%f%FGH%
65/%*53)#%05-*%7#%
5%-)8,45-%*-57#7#8%
216)/,4)%+'-%5*%
4)52*%2)()#%6',-2%
0)-%;))3%5#/%;6'%
65/%05-*71705*)/%
-)8,45-4$%7#%
1'&0)*7*7'#9%
Y'-&54%;)786*%<#%
f%FTHJ%'()-;)786*%

=-'22!
2)1*7'#54%
%
%

>T]%-aY"%
8)#)%
5&047+715*7'#%
'+%*6)%S>%5#/%
SF%-)87'#2%%
%

cI"d#%j%
be:_&7#%%
%

FN%F[!6%/7)*5-$%
-)1544%%

•! "*64)*)2%65/%278#7+715#*4$%6786)-%h!
/7()-27*$%1'&05-)/%*'%5#'-)N75%#)-('25%
05-*71705#*2%<'.2)-()/%20)17)2%!#G9GX@J%
=65'>%!#G9G>?HJ%#'-&54%;)786*%
05-*71705#*2%<=65'>%!#G9GXMH%5#/%'.)2)%
05-*71705#*2%<'.2)-()/%20)17)2%!#G9G>FJ%
=65'>%!#G9G>>H%

%
%



! WQ!

:&$4?- A*0&')'L*,&%-- :&$4?-
4/%'K,--

O')0+5'+&*-
*,*B?%'%--
-

A2-*,4-
)*04'+0/%L'0*&+0?-
('&,/%%-
*%%/%%3/,&-
-

P+^7*0'*&/%- =/%$B&%--

<#%f%FFHJ%5#/%
'.)2)%<#%f%FGH%
>@U[G%$)5-2%'4/%
e*6#717*$%#'*%
2*5*)/%

TA/&/0%/,-/&-
*B"-9H!@U-
-
`:2--

YfXX%%
b54)2%<#fFFH%5#/%
+)&54)2%<#f>>H%%
I-'+)227'#54%<#%f%
FFH%5#/%5&5*),-%
<#%f%>>H%4)()4%
1'&0)*7*7()%
1$1472*2%%
>?U[?%$)5-2%'4/%
e*6#717*$%#'*%
2*5*)/%

=-'22!
2)1*7'#54%
%
%

b)*58)#'&71%
;6'4)%
8)#'&)%
26'*8,#%
2)P,)#17#8%
5#/%aY"%
2)P,)#17#8%%
%

])4+!-)0'-*)/%
)N)-172)%4'5/%
<6',-2_;))3Hk%TU
>GB%>>U>AB%>TUFGB%
5#/%FGl%%
%
%

Y'#!(547/5*)/%
P,)2*7'##57-)%'#%
/7)*%5#/%541'6'4%
7#*53)%

•! Y'%278#7+715#*%1'--)45*7'#2%.)*;))#%
*5N'#'&71%14,2*)-%5#/%.)7#8%0-'+)227'#54%
'-%5&5*),-%4)()4%1$1472*%

•! D786%-)45*7()%5.,#/5#1)%'+%;*.<'%.((-%7#%
1$1472*2%*-57#7#8%g%>>%6_;))3%

•! eP,54%0-'*)7#J%+5*J%15-.'6$/-5*)B%
()8)*5-75#B%6786%1'&04)N%15-.'6$/-5*)B%
054)'B%84,*)#!+-))%7#%)516%8-',0%

%

TY*0&+,-/&-
*B"-9H!CU-
-
N0/B*,4--
-

Yf@T%
I-'+)227'#54%&54)%
-,8.$%5*64)*)2J%
5#/%6)54*6$%27`)J%
58)%5#/%2)N%
&5*16)/%1'#*-'42%
<#%f%[THJ%)7*6)-%
4';%Vbc%<=%FA%
38_&"H%#fFX%'-%
6786)-%Vbc%<gF@%
38_&"H%#fFX%
FXUXA%$)5-2%'4/%
c-726%<Yf%@AH%5#/%
c#/75#%<Yf>H%

=-'22!
2)1*7'#54%
%
%

b)*58)#'&71%
;6'4)%
8)#'&)%
26'*8,#%
2)P,)#17#8%%
%

I"%522)22)/%.$%
(547/5*)/%eIc=!
Y'-+'43%
P,)2*7'##57-)9%
])-,&%1-)5*7#)%
37#52)%4)()42%;)-)%
,2)/%52%5%0-'N$%
+'-%4)()4%'+%I"%

>@M!+''/%7*)&%
LLd%
%

•! :6)%8,*%&71-'.7'*5%'+%5*64)*)2%;52%&'-)%
/7()-2)%5*%*6)%+,#1*7'#54%4)()4J%*65#%.'*6%
*6)%4';%5#/%6786%Vbc%1'#*-'4%8-',02%

•! "*64)*)2%65/%5#%)#-716)/%0-'+74)%'+%
]=L"m2%

%



! W"!

:&$4?- A*0&')'L*,&%-- :&$4?-
4/%'K,--

O')0+5'+&*-
*,*B?%'%--
-

A2-*,4-
)*04'+0/%L'0*&+0?-
('&,/%%-
*%%/%%3/,&-
-

P+^7*0'*&/%- =/%$B&%--

TR/+.*,/-
/&-*B"-9H!;U--
-
N0/B*,4--
-

Yf[%
C)44!*-57#)/%&54)%
5*64)*)2%
FT9A%l!>9X%$)5-2%
'4/%
e*6#717*$%#'*%
2*5*)/%

I-'20)1*7()J%
-)0)5*)/%
&)52,-)2J%
;7*67#%
2,.K)1*%
-)0'-*%%
%
%

b)*58)#'&71%
;6'4)!
8)#'&)%
26'*8,#%
2)P,)#17#8%

V)+'-)J%/,-7#8%5#/%
5+*)-%5%1'#*7#,',2J%
,#2,00'-*)/%XX!
/5$J%AGGGn3&%
*-5#2'1)5#71%
-';7#8%-51)%

V52)47#)%/7)*5-$%
65.7*2%&)52,-)/%
;7*6%5/50*)/%
()-27'#%'+%%C744)*%
LLd#

R574$%-)1'-/%'+%
+''/%1'#2,&)/%
/,-7#8%*6)%0-)!
-51)%0)-7'/%'#%
ob$%L7*#)22%I54p%
&'.74)%
5004715*7'#9%
L''/%1'#2,&)/%
/,-7#8%*6)%-51)%
;52%-)1'-/)/%.$%5%
+''/%1'#2,&0*7'#%
-)1'-/9%],.K)1*2%
0-'(7/)/%;7*6%
-)6$/-5*)/J%
+-))`)!/-7)/%
-5*7'#2%
)516%5*64)*)%
1'#2,&)/%5%
27&745-%-5*7'#9%%

•! b71-'.754%h!/7()-27*$%<]65##'#%7#/)NH%
7#1-)52)/%*6-',86',*%*6)%,4*-5!)#/,-5#1)%
)()#*%<7#%X%'-%*6)%[%2,.K)1*29%%Y'*)%*6)%[-.%
2,.K)1*%*''3%5#*7.7'*712%.)+'-)%*6)%&7/!
-51)%25&04)H9%c#%*;'%'+%*6)2)%5*64)*)2%5%
05-*754%-)()-27'#%;52%'.2)-()/%5#/%7#%*6)%
'*6)-%5%1'&04)*)%-)()-27'#%*'%.52)47#)%h!
/7()-27*$%4)()42%;52%'.2)-()/%5*%*6-))%
&'#*62%+'44';!,0%

•! :6-',86',*%*6)%-51)%5#%7#1-)52)%7#%>'*.-0
('6?+4-%.6-/0$').12*+-05'@+6+)0<.,*$-5*)%
0-'/,1)-H%5#/%,#145227+7)/%&)&.)-2%'+%
*6)%8)#,2%A21,'(+?*-62(2@0<.,*$-5*)%
0-'/,1)-2H%;52%'.2)-()/%7#%544%+',-%
5*64)*)2%

•! :6-',86',*%*6)%-51)%5#%/)1-)52)%7#%
9-4%.*'+,.)0B+6.?'(,++%;52%'.2)-()/%7#%544%
+',-%5*64)*)2%

%

TD$0Q-/&-*B"-
9H!;U-
-
`:2-

YfXMJ%%
D)54*6$%
05-*71705#*2%&54)2%
<YfFGH%5#/%
+)&54)2%<Yf>MH%

=-'22!
2)1*7'#54%
%
%

>T]%-aY"%%
%

SE"&5N%
&)52,-)/%;7*6%
2$&0*'&!47&7*)/%
&5N7&54%8-5/)/%
*-)5/&744%)N)-172)%
*)2*%%

M%/5$%/7)*%-)1'-/%%
;7*6%
b$L7*#)22I5491'&%%
.'/$%1'&0'27*7'#%
&)52,-)/%;7*6%
V'/I'/$%

•! SE"&5N%;52%522'175*)/%;7*6%7#1-)52)/%7#%
L_V%<-%f%9[@J%!"G9GGXH%5#/%511',#*)/%+'-%
!FFi%'+%*6)%(5-75#1)9%Y'%'*6)-%(5-75.4)2%
<79)9J%/7)*J%.'/$%1'&0'27*7'#J%'-%'*6)-%
+7*#)22%&)52,-)2H%;)-)%278#7+715#*4$%



! W^!

:&$4?- A*0&')'L*,&%-- :&$4?-
4/%'K,--

O')0+5'+&*-
*,*B?%'%--
-

A2-*,4-
)*04'+0/%L'0*&+0?-
('&,/%%-
*%%/%%3/,&-
-

P+^7*0'*&/%- =/%$B&%--

FA9M%q%F9F%$)5-2%
'4/%
C67*)%<XM9@iHJ%
D7205#71_W5*7#'%
<F>9TiHJ%
"275#_I517+71%
<F>9TiHJ%:;'%'-%
&'-)%)*6#717*7)2%
<>T9FiHJ%E*6)-%
<F9MiH%

% %
%

1'--)45*)/%*'%-)45*7()%8,*%&71-'.7'*5%
1'&0'27*7'#9%

T[*,K%/&3+-
/&-*B"-9H!;U-
-
`:2-

YfXMXJ%%
='&&,#7*$!
/;)447#8%'4/)-%
&54)2%%
=0TA%$)5-2%'4/%
Y'#!D7205#71%
;67*)%<@M9?iHJ%
o'*6)-p%<>F9>iH%

=-'22!
2)1*7'#54%
%

>T]%-aY"%
8)#)%
5&047+715*7'#%
'+%*6)%S[%
-)87'#%
%

])#2)C)5-%I-'X%
"-&.5#/%<2*)0%
1',#*H%%
%
I"%2154)%+'-%*6)%
)4/)-4$%<C526.,-#%
)*%549%>???H%
%

"8)J%-51)J%VbcJ%
147#7154%1)#*)-J%
#,&.)-%'+%16-'#71%
&)/7154%
1'#/7*7'#2J%5#/%
47.-5-$%27`)%<E:\%
/5*5H%
:6)%V4'13%?@9F%
b-E]%LLd%
<V',16)-%)*%549%
FGGTH%

•! Y'%1'#272*)#*%05**)-#%.$%06$4,&%%
•! I"%#'*%522'175*)/%;7*6%h!/7()-27*$%

<]65##'#%7#/)NJ%7#()-2)%]7&02'#H%
•! I5-*71705#*2%;7*6%6786)-%2)4+!-)0'-*)/%I"%

;)-)%522'175*)/%;7*6%6786)-%r!/7()-27*$%
<,#;)786*)/%\#7+-51H%5+*)-%5/K,2*&)#*%+'-%
1'#+',#/)-2%<0-7#17054%1'!'-/7#5*)%
5#54$272%f%G9GGMJ%!#G9GGXH9%

•! ='&05-)/%*'%*6'2)%;6'%;)-)%4)22%51*7()J%
*6'2)%;6'%65/%6786)-%2*)0%1',#*2%65/%
6786)-%-)45*7()%5.,#/5#1)%'+%
&.%'1-4%.*+2@%<r%fG9[AJ%LRa%!#G9GGH%
5#/%4';)-%-)45*7()%5.,#/5#1)%'+%*5N5%
+-'&%*6)%8)#)-5%&'!*'1-4+((2)0Cr%f!G9F?J%
LRa%!#D9G[E/%F,(.*4*.2%G+-0Cr%f!G9FAJ%
LRa%!#G9GAH/07*8)+!.('%*+45-4.-.%==!
>>A%<r%f!G9XMJ%LRa%!#G9G[H9%



! WP!

:&$4?- A*0&')'L*,&%-- :&$4?-
4/%'K,--

O')0+5'+&*-
*,*B?%'%--
-

A2-*,4-
)*04'+0/%L'0*&+0?-
('&,/%%-
*%%/%%3/,&-
-

P+^7*0'*&/%- =/%$B&%--

TF0+%')Q'-/&-
*B"-9H!;U-
-
`:2-
-

Yf>%%
b54)J%;'-4/%14522%
,4*-5!&5-5*6'#%
-,##)-%
XF%$)5-2%'4/%
e*6#717*$%#'*%
2*5*)/%

=52)%2*,/$%%%
%
%

>T]%-aY"%
8)#)%
5&047+715*7'#%
'+%*6)%S[%
-)87'#9%%
]*''4%
25&04)2%;)-)%
'.*57#)/%5*%[%
*7&)%0'7#*2B%
F>%;))32%5#/%
*;'%;))32%
.)+'-)%5#/%F%
6',-2%5#/%>G%
/5$2%0'2*%*6)%
,4*-5!
&5-5*6'#H%

R574$%*-57#7#8%4'8%%
,27#8%],,#*'%
"&.7*X%I)53%^I]%
;5*16%%
%
SE"#&5N%
%

C)786*J%V'/$%
1'&0'27*7'#%
<Rs"H%

:;'%6',-2%0'2*!-51)%
•! h!/7()-27*$%<]65##'#%R7()-27*$%c#/)NH%

7#1-)52)/%+-'&%F9MX%*'%F9@G%5#/%L_V%-5*7'%
7#1-)52)/%+-'&%[9[%*'%>[9F%

•! c#1-)52)2%7#%-)45*7()%5.,#/5#1)%'+%
.51*)-754%8)#)-5%H.+(('6.((-%<l>[JFF?iH%
5#/%A%*.!%'4'442)%<l[X@iH%%

•! R)1-)52)2%7#%-)45*7()%5.,#/5#1)%'+%
F(('!*.<'%.((-0<tM?iH%5#/%
A21,'(+6?*-62(2@%<tAGiH%

Ta*3L&+,^
O*0)/BB-/&-
*B"-9H9HU-
-
`:2-

Yf>X%
b54)%<#fAH%5#/%
+)&54)%
/7(727'#%c%Y=""%
1'44)875*)%
2;7&&)-2%
>@!F[%$)5-2%'4/%
e*6#717*$%#'*%
2*5*)/%
%

W'#87*,/7#54%%% >T]%-aY"%
S[%5&0471'#%
2)P,)#17#8%

])4+!-)0'-*)/%
2;7&&7#8%
/72*5#1)%5#/%
/,-5*7'#%<6',-2H%'+%
/574$%0-51*71)%
/,-7#8%0)53%
*-57#7#8%*6-',86%
*6)7-%7#!2)52'#%
*50)-%%

V'/I'/$J%
237#+'4/%
*6713#)22)2J%
;)786*%%
%

•! h!/7()-27*$%0'27*7()4$%1'--)45*)/%;7*6%
2;7&&7#8%$5-/58)%0)-%;))3J%/)1-)527#8%
;7*6%/)1-)52)/%*-57#7#8%('4,&)B%]65##'#%
7#/)N%<afG9[XJ%!"G9G>HJ%7#()-2)%]7&02'#%
7#/)N%<afG9[TJ%!"G9G>H9%

•! ]0)5-&5#%-5#3%1'--)45*7'#2%26';)/%5%
278#7+715#*%-)/,1*7'#%<0QG9GAH%;7*6%
/)1-)52)/%*-57#7#8%('4,&)%7#%
&'!*'4'442)%<aftG9FAH%
5#/%I-.4-(+1-4%.*+2@%%<aftG9XXH9%

!
==>#!=11+!?&%@.%$8(!@.%7-,1$$2,&%/!

"
"4AB#!".&1*%2$!4&17*%8-,9%!A$9%7-,'2-,1$!1?!B2$8%&/!

#
;CA#!;1+(!D277!,$+%)/!

$
EFG#!E1&3+!F%23-6!G&'2$,H2-,1$/!

%
A45>#!A$-%&$2-,1$23!45!

>.%7-,1$$2,&%/!&=I;#!!"%0"-$1&,'1.'23-1&%."4&1&,'&2-,1/!'C"0#!C%-2<13,8!%@.,923%$-/!(:B=5#!:61&-J862,$!?2--(!28,+/!)KL5#!K.23J%$%&'(!)J&2(!2<71&*-,1D%-&(/!*;1+41++#!2$!5,&!K,7*328%D%$-!
43%-6(7D1'&2*6(!7(7-%D/!,=KM!N!?237%!+,7819%&(!&2-%!2+O.7-%+P!45#!*6(7,823!28-,9,-(P!!
!
!



! WG!

8"C! D7/0*??-%$33*0=E-)+,)?$%'+,%-*,4-($&$0/-0/%/*0).-
34!)67!7#%0!)*%!D#7%(-!)/M69D(%7&%7! #6! 0,%! (#0%*)0'*%! :9*! 0,%#*! *%()0#96.,#+!D#0,!8%0)<9(#/!

,%)(0,=!j9D%1%*;!9'*!D)-!9:!0,#6M#6&!)<9'0!34;!7#%0!)67!,%)(0,!.,9'(7!690!<%!.0)&6)60=!>,%!

&*9D#6&!)++*%/#)0#96!:9*!0,%!*%/#+*9/)(!%J/,)6&%!<%0D%%6!34;!7#%0!)67!0,%!&'0!8#/*9<#90)!8)-!

,%(+!#8+*91%!9'*!'67%*.0)67#6&!9:!0,%#*!/98<#6%7!)..9/#)0#96!D#0,!8%0)<9(#/!,%)(0,=!

T#%0)*-! +)00%*6.! )*%! /960#6')((-! /,)6&#6&! )67! D%! M69D! 7#%0! #.! 7#*%/0(-! )..9/#)0%7! D#0,!

8%0)<9(#/! ,%)(0,! #6! /98+(%J! D)-.! 0,)0! 1)*-! )896&! #67#1#7')(.;! /'(0'*%.! )67! &%9&*)+,#/)(!

(9/)0#96=! >,%*%:9*%! 0,%*%! #.! )! 6%%7! :9*! :'*0,%*! /*9..F.%/0#96)(! *%.%)*/,! 09! &)0,%*! 1)(#7!

#6:9*8)0#96!)<9'0!7#%0)*-!#60)M%!)67!0,%!*%()0#96.,#+!D#0,!34!)67!8%0)<9(#/!,%)(0,!2a8)8'*)!

%0!)(=!^Q"H5=!>,#.!D#((!)..#.0! #6!)((9D#6&!/(%)*!7#*%/0#96!D,%6!/)**-#6&!9'0!89*%! !%J+%6.#1%!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

;! 0#8%(-!0*#)(.!#61%.0#&)0#6&!7#%0;!34!)67!8%0)<9(#/!,%)(0,!09!7%0%*8#6%!0,%!89.0!+*%7#/0)<(%!

9'0/98%.!:9*!#67#1#7')(.]!8%0)<9(#/!+,%690-+%.=!

U).0(-;!#:!7#.*'+0#96!09!0,%!&'0!8#/*9<#90)!8#(#%'!79%.!/960*#<'0%!8%)6#6&:'((-!09!0,%!*)+#7!*#.%!

#6!A[T].;!.+%/#:#/)((-!0,%!&(9<)(!%+#7%8#/!9:!9<%.#0-;!0,#.!)*%)!D)**)60.!:'*0,%*!#61%.0#&)0#96!

D,%*%!<90,!7#%0!)67!34!)*%!/)*%:'((-!/96.#7%*%7=!?+%/#:#/)((-;! *%.%)*/,!96!7#%0!)67! 0,%!&'0!

8#/*9<#90)!.,9'(7!/960#6'%!09!<%!0,%!<)/M<96%!9:!0,#.!*%.%)*/,;!,9D%1%*;!#0!#.!#8+9*0)60!0,)0!

0,%!#67%+%67%60!)67!/98<#6%7!%::%/0!9:!34!<%,)1#9'*!.'++(%8%60!0,#.!D9*M=!!

4(0,9'&,!*%.%)*/,!96!0,%!&'0!8#/*9<#90)!)67!34!,).!&)#6%7!0*)/0#96!91%*!0,%!+).0!:%D!-%)*.;!

,'8)6!*%.%)*/,!#6!0,#.!:#%(7!#.!#6!#0.!#6:)6/-;!)67!0,%!)++(#/)0#96!09!,'8)6!<#9(9&-!/)((.!:9*!

'*&%60!)00%60#96=!39+'()0#96!*%.%)*/,!6%%7.!09!/960#6'%!09!)..#.0!#6!#7%60#:-#6&!0,%!.+%/#:#/!34!

+)00%*6.;!#6/('7#6&!0,%!7'*)0#96!9:!34!0,)0!+()-!)!*9(%!#6!.,)+#6&!0,%!8#/*9<#90)=!a0!#.!%1#7%60!

0,)0! *%.%)*/,! 6%%7.! 09! /960#6'%! #6! )! D#7%! *)6&%! 9:! ,'8)6.! #6/('7#6&! 1)*-#6&! /'(0'*%.;!

&%9&*)+,#/)(! (9/)0#96.;! %0,6#/! &*9'+.;! )&%.! )67! &%67%*! 09! #7%60#:-! 0,%! :%)0'*%.! 9:! 0,%! &'0!

8#/*9<#90)! 0,)0!)*%! #6:('%6/%7!<-!34!)67! 0,%!/)**-F96!%::%/0! 09!8%0)<9(#/!,%)(0,=! a0! #.!D%((!

*%/9&6#.%7! 0,)0! )((! %0,6#/#0#%.! /)6! ,)1%! 9<%.#0-=! a0! #.! #8+9*0)60! 0,)0! 8#69*#0-! %0,6#/#0#%.;!

%.+%/#)((-!0,9.%!D#0,!,#&,!+*%1)(%6/%!9:!9<%.#0-!)*%!#6/('7%7!#6!:'0'*%!*%.%)*/,=!>,#.!D#((!)((9D!

/(%)*!7#*%/0#96!D,%6!/)**-#6&!9'0!89*%!%J+%6.#1%;!0#8%(-!0*#)(.!#61%.0#&)0#6&!7#%0;!34!)67!0,%!

&'0!8#/*9<#90);!09!_')60#:-!0,%!)60#F#6:()88)09*-!)67!8%0)<9(#/!%::%/0.!09!7%0%*8#6%!0,%!89.0!

+*%7#/0)<(%!9'0/98%.!09!0,%!,9.0!8%0)<9(#/!+,%690-+%=!Ultimately, this research will allow the 

limited public health purse to be better directed to!)((9D!+9(#/-!8)M%*.!09!#8+(%8%60!%::%/0#1%!

9<%.#0-!)67!A[T!+*%1%60#96!+*9&*)88%.;!09!,%(+!6)**9D!0,%!&)+!#6!,%)(0,!7#.+)*#0-=!i#1%6!

AB!,).!96%!9:!0,%!,#&,%.0!*)0%.!9:!8%0)<9(#/!7#.%).%!+%*!/)+#0);!D#0,!0D9!+9+'()0#96.!*%.#7#6&!



! WH!

#6!0,%!/9'60*-!D#0,!8)*M%7(-!7#::%*%60!8%0)<9(#/!*#.M!2A%D!B%)()67!N#6#.0*-!9:!j%)(0,!^Q"X5I!

6)8%(-!ABC!)67!3)/#:#/;!#0!9::%*.!)6!#7%)(!.%00#6&!:9*!0,#.!*%.%)*/,=!

+

!



! WX!

8"F! ;/(/0/,)/%-
4:.,#6;!4.,M)6;!%0!)(=!2^Q"V5;!Äj%)(0,!%::%/0.!9:!7#%0)*-!*#.M.!#6!"VH!/9'60*#%.;!"VVQn^Q"WY!)!

.-.0%8)0#/!)6)(-.#.!:9*!0,%!i(9<)(!@'*7%6!9:!T#.%).%!?0'7-!^Q"WÄ;!N.)4W/;-),@!PVP!
2"Q"EG5;!"VHEFW^=!

4,8)7#;!N)00,%D!A;!%0!)(=!2^Q^Q5;!ÄA96FD%)*!9*!.(%%+{!C1)(')0#96!9:!:#1%!696FD%)*!7%0%/0#96!
)(&9*#0,8.!:9*!*)D!)//%(%*98%0%*!7)0)Ä;!X+1%;/*4+E4G!+%,'4G-();-)'@!PE!2G5;!PVVFGQG=!

4#6.D9*0,;!@)*<)*)!C;!%0!)(=!2^Q""5;!Ä^Q""![98+%67#'8!9:!3,-.#/)(!4/0#1#0#%.Y!)!.%/967!
'+7)0%!9:!/97%.!)67!NC>!1)('%.Ä;!?)84G-(4G!+%,'4$R)%-@!GP!2E5;!"HWHFE"=!

4()8#)6;!4*.,)8!)67!3)*)7#.;!i#((%.!2^Q"^5;!Äa67#1#7')(!)67!.9/#)(!7%0%*8#6)60.!9:!8'(0#+(%!
/,*96#/!7#.%).%!<%,)1#9*)(!*#.M!:)/09*.!)896&!-9'0,Ä;!7?P4<13*(-4.)/*,.@!"^!2"5;!^^G=!

4(()<)67;![%(%.0%;!%0!)(=!2^Q"V5;!ÄN#/*9<#98%!"Q"Y!.0'7-#6&;!)6)(-b#6&;!)67!#60%*+*%0#6&!&'0!
8#/*9<#98%!7)0)!:9*!/(#6#/#)6.Ä;!P*(;(-/*4A/',%+);,)%+*+A&4/;84.)!/,+*+A&@!"W!2^5;!
^"EFPQ=!

4(1)*%bF4(1)*%b;!a.8)%(;!%0!)(=!2^Q"E5;!ÄN%7#0%**)6%)6!7#%0;!+,-.#/)(!)/0#1#0-!)67!0,%#*!
/98<#6%7!%::%/0!96!)((F/)'.%!89*0)(#0-Y!>,%!?%&'#8#%609!k6#1%*.#7)7!7%!A)1)**)!
2?kA5!/9,9*0Ä;!<%)H);,(H)42)8(-(;)@!"QX;!GHFH^=!

467%*.96;!C(#b)<%0,!)67!T'*.0#6%;!d!U)**-!2^Q"V5;!Ä3,-.#/)(!)/0#1#0-;!%J%*/#.%;!)67!/,*96#/!
7#.%).%.Y!4!<*#%:!*%1#%DÄ;!G!+%,'4?)8(-(;)4/;84Y)/*,.4G-();-)@!"!2"5;!PF"Q=!

4*/,'67#)!j%**%*);!N!)67![,)6;![)0,%*#6%!@!2^Q"E5;!ÄA)**)0#1%!*%1#%D!9:!6%D!8%0,97.!:9*!
)..%..#6&!:997!)67!%6%*&-!#60)M%Ä;!L1,%();,'@!"Q!2E5;!"QXG=!

4*69(7;!N%(#6);!%0!)(=!2^Q"X5;!ÄR<%.#0-!)67!/)6/%*Y!)6!'+7)0%!9:!0,%!&(9<)(!#8+)/0Ä;!P/;-)%4
)!(8)2(+*+A&@!G";!EF"H=!

4'6%;!T)&:#66;!%0!)(=!2^Q"X5;!Ä@Na!)67!)((!/)'.%!89*0)(#0-Y!.-.0%8)0#/!*%1#%D!)67!696F(#6%)*!
79.%F*%.+96.%!8%0)F)6)(-.#.!9:!^PQ!/9,9*0!.0'7#%.!D#0,!P=WG!8#((#96!7%)0,.!)896&!
PQ=P!8#((#96!+)*0#/#+)60.Ä;!7%(,('.4?)8(-/*4X+1%;/*@!PHP;!#^"HX=!

@t/M,%7;!K*%7*#M;!%0!)(=!2^QQG5;!Ä>,%!&'0!8#/*9<#90)!).!)6!%61#*968%60)(!:)/09*!0,)0!*%&'()0%.!
:)0!.09*)&%Ä;!<%+-))8(;A'4+E4,.)4L/,(+;/*4=-/8)2&4+E4G-();-)'4+E4,.)4S;(,)84G,/,)'4+E4
=2)%(-/@!"Q"!2GG5;!"HW"EF^P=!

@)&7)7%;!d9,6!T;!@#%*8)6;!C7D#6!U;!)67!39*0%;!T)6#%(!2"VXW5;!Ä>,%!.#&6#:#/)6/%!9:!<).)(!
#6.'(#6!(%1%(.!#6!0,%!%1)(')0#96!9:!0,%!#6.'(#6!*%.+96.%!09!&('/9.%!#6!7#)<%0#/!)67!
6967#)<%0#/!.'<f%/0.Ä;!N.)4X+1%;/*4+E4-*(;(-/*4(;H)',(A/,(+;@!GX!2"Q5;!"HGVFHW=!

@)*096;!e#(%-;!%0!)(=!2^Q"E5;!Ä>,%!8#/*9<#98%!9:!+*9:%..#96)(!)0,(%0%.!7#::%*.!:*98!0,)0!9:!
89*%!.%7%60)*-!.'<f%/0.!#6!/98+9.#0#96!)67!+)*0#/'()*(-!)0!0,%!:'6/0#96)(!8%0)<9(#/!
(%1%(Ä;!k1,@!XW!2G5;!X^HFPP=!

@)..%00;!T)1#7;!%0!)(=!2^Q"H5;!Ä4//%(%*98%0%*F<).%7!+,-.#/)(!)/0#1#0-Y!090)(!19('8%!+%*!7)-!
)67!.0)67)*7#b%7!8%).'*%.Ä;!?)8(-(;)4T4G-();-)4(;4G!+%,'4T4$R)%-(')@!GW!2G5;!EPPFPE=!

@)..%00;!T)1#7!$!)67!d9,6;!T#6%.,!2^Q"Q5;!Äk.%!9:!+%798%0%*.!)67!)//%(%*98%0%*.!#6!/(#6#/)(!
+9+'()0#96.Y!1)(#7#0-!)67!*%(#)<#(#0-!#..'%.Ä;!<.&'(-/*4,.)%/!&4%)H()B'@!"H!2P5;!"PHFG^=!

@)'8)66;!?;!%0!)(=!2^Q"E5;!Ä3#0:)((.!#6!)//%(%*98%0%*y<).%7!8%).'*%8%60!9:!+,-.#/)(!)/0#1#0-Y!
>,%!+*%.%6/%!9:!*%)/0#1#0-!#6!)6!)7'(0!+9+'()0#96Ä;!G-/;8(;/H(/;4U+1%;/*4+E42)8(-(;)4
T4'-();-)4(;4'!+%,'@!^E!2P5;!"QHXFXP=!

@%/M;!cU;!%0!)(=!2^Q"E5;!Ä4..9/#)0#96.!<%0D%%6!7#%0)*-!+)00%*6.;!.9/#9F7%89&*)+,#/!:)/09*.!
)67!)60,*9+98%0*#/!8%).'*%8%60.!#6!)7'(0!A%D!B%)()67%*.Y!)6!)6)(-.#.!9:!7)0)!:*98!
0,%!^QQEZQV!A%D!B%)()67!47'(0!A'0*#0#96!?'*1%-Ä;!$1%+!)/;4U+1%;/*4+E4;1,%(,(+;@!HW!
2G5;!"G^"FPP=!

@%((;!U'/#67)!c;!C7D)*7.;!?'b)66%;!)67!i*#%&%*;!d%..#/)!4!2^Q"H5;!Ä>,%!*%()0#96.,#+!<%0D%%6!
7#%0)*-!+)00%*6.!)67!8%0)<9(#/!,%)(0,!#6!)!*%+*%.%60)0#1%!.)8+(%!9:!)7'(0!4'.0*)(#)6.Ä;!
L1,%();,'@!W!2E5;!XGV"FHQH=!



! WW!

@%((%00#%*%;!d9,6;!%0!)(=!2^Q"W5;!Ä4..9/#)0#96.!9:!.#00#6&!)//'8'()0#96!+)00%*6.!D#0,!/)*7#9F
8%0)<9(#/!*#.M!<#98)*M%*.!#6!4'.0*)(#)6!)7'(0.Ä;!<*+G4+;)@!"^!2X5=!

@%((%00#%*%;!d9,6;!%0!)(=!2^Q"V5;!Ä?%7%60)*-!@%,)1#9*!)67![)*7#91)./'()*!T#.%).%!#6!R(7%*!
e98%6Y!>,%!R34[j!?0'7-Ä;!P(%-1*/,(+;@!"PV!2E5;!"QPXFGX=!

@%-;!U#96%(!)67!j)8#(096;!N)*/!>!2^QQP5;!Ä?'++*%..#96!9:!.M%(%0)(!8'./(%!(#+9+*90%#6!(#+).%!
)/0#1#0-!7'*#6&!+,-.#/)(!#6)/0#1#0-Y!)!89(%/'()*!*%).96!09!8)#60)#6!7)#(-!(9Dy#60%6.#0-!
)/0#1#0-Ä;!N.)4X+1%;/*4+E4!.&'(+*+A&@!HH"!2^5;!XWPFE^=!

@#77(%;!?0')*0!dj;!%0!)(=!2^Q"H5;!Ä4!*)6798#.%7!/960*9((%7!0*#)(!09!*%7'/%!.%7%60)*-!0#8%!#6!
-9'6&!)7'(0.!)0!*#.M!9:!0-+%!^!7#)<%0%.!8%((#0'.Y!+*9f%/0!?>4AT!2?%7%60)*-!>#8%!
4A7!T#)<%0%.5Ä;!<W+G4V;)@!"Q!2"^5;!%Q"GPPVE=!

@('67%((;!d9,6!C;!%0!)(=!2^QQP5;!Ä[*9..!0)(M!<%0D%%6!+,-.#/)(!)/0#1#0-!)67!)++%0#0%!/960*9(Y!
79%.!+,-.#/)(!)/0#1#0-!.0#8'()0%!)++%0#0%{Ä;!<%+-))8(;A'4+E4,.)4L1,%(,(+;4G+-(),&@!X^!
2P5;!XH"FX"=!

@9*&;!i'66)*!2"VWQ5;!Ä3%*/%#1%7!%J%*0#96!).!)6!#67#/)09*!9:!.98)0#/!.0*%..Ä;!G-/;8(;/H(/;4
U+1%;/*4+E4%)./3(*(,/,(+;42)8(-(;)=!

@9'/,%*;!@%)0*#/%;!%0!)(=!2^QQX5;!ÄS)(#7#0-!)67!*%(#)<#(#0-!9:!0,%!@(9/MVE!:997F:*%_'%6/-!
_'%.0#966)#*%!#6!)!.)8+(%!9:![)6)7#)6!D98%6Ä;!<13*(-4.)/*,.4;1,%(,(+;@!V!2"5;!EGFVP=!

@9'0%*;!c*#.0#%6!C;!%0!)(=!2^Q"W5;!Ä$9(%!9:!0,%!&'0!8#/*9<#98%!#6!0,%!+)0,9&%6%.#.!9:!9<%.#0-!
)67!9<%.#0-F*%()0%7!8%0)<9(#/!7-.:'6/0#96Ä;!k/',%+);,)%+*+A&@!"H^!2W5;!"XW"FWE=!

@*),%;!U%6)!c#*/,6%*;!%0!)(=!2^Q"H5;!Ä?+%/#:#/!&'0!8#/*9<#90)!:%)0'*%.!)67!8%0)<9(#/!8)*M%*.!
#6!+9.08%69+)'.)(!D98%6!D#0,!9<%.#0-Ä;!L1,%(,(+;4T48(/3),)'@!H!2X5;!%"HVF%HV=!

@*%..);![)*(9;!%0!)(=!2^Q"W5;!ÄT#::%*%6/%.!#6!&'0!8#/*9<#90)!+*9:#(%!<%0D%%6!D98%6!D#0,!
)/0#1%!(#:%.0-(%!)67!.%7%60)*-!D98%6Ä;!<W+G4V;)@!"^!2^5;!%Q"W"PH^=!

@*9D6;!e%67-!d;!%0!)(=!2^Q"P5;!ÄT%1%(9+8%60!9:!C1#7%6/%F<).%7!3,-.#/)(!4/0#1#0-!
$%/988%67)0#96.!:9*!47'(0.!2"EFXG!-%)*.5=!$%+9*0!+*%+)*%7!:9*!0,%!4'.0*)(#)6!
i91%*68%60!T%+)*08%60!9:!j%)(0,;!4'&'.0!^Q"^Ä=!

@*-)60;!A#)!d;!i91%*.;!$9()67;!)67!d)8%.;!T)1#7!C!2^QQ^5;!Ä$%&'()0%7!0*)6.+9*0!9:!0,%!
&('/9.%!0*)6.+9*0%*!iUk>GÄ;!L/,1%)4%)H()B'4?+*)-1*/%4-)**43(+*+A&@!P!2G5;!^XWFWW=!

[)7%;!d)6%0!C;!%0!)(=!2^Q"W5;!ÄTaC>ç!AC>Y!@%.0!3*)/0#/%!i'#7%(#6%.!:9*!7#%0)*-!)..%..8%60!#6!
,%)(0,!*%.%)*/,Ä;!7?P42)8(-(;)@!"H!2"5;!"F"H=!

[)8+<%((;!?/900!Ta;!%0!)(=!2^Q"E5;!Ä?%7%60)*-!<%,)1#9*!)67!<97-!D%#&,0!)67!/98+9.#0#96!#6!
)7'(0.Y!4!.-.0%8)0#/!*%1#%D!)67!8%0)F)6)(-.#.!9:!+*9.+%/0#1%!.0'7#%.Ä;!G!+%,'4
?)8(-(;)@!GE!2P5;!HEHFVH=!

[).+%*.%6;![)*(!d;!39D%((;!c%66%0,!C;!)67![,*#.0%6.96;!i*%&9*-!N!2"VEH5;!Ä3,-.#/)(!)/0#1#0-;!
%J%*/#.%;!)67!+,-.#/)(!:#06%..Y!7%:#6#0#96.!)67!7#.0#6/0#96.!:9*!,%)(0,F*%()0%7!*%.%)*/,Ä;!
<13*(-4.)/*,.4%)!@!"QQ!2^5;!"^XFP"=!

[,)8<%*.;!C7D)*7!?;!%0!)(=!2^Q"E5;!Ä$9(%!9:!&'0!8#/*9<#90)F&%6%*)0%7!.,9*0F/,)#6!:)00-!)/#7.!
#6!8%0)<9(#/!)67!/)*7#91)./'()*!,%)(0,Ä;!P1%%);,4;1,%(,(+;4%)!+%,'@!W!2G5;!"VEF^QX=!

[,9#;!U%%6);!%0!)(=!2^Q""5;!ÄS)(#7)0#96!9:!)//%(%*98%0%*!D%)*!)67!696D%)*!0#8%!/()..#:#/)0#96!
)(&9*#0,8Ä;!?)8(-(;)4/;84'-();-)4(;4'!+%,'4/;84)R)%-(')@!GP!2^5;!PHW=!

[,'MD'96-%;!a669/%60!af%b#%;!%0!)(=!2^Q"P5;!Ä3*%1)(%6/%!9:!91%*D%#&,0!)67!9<%.#0-!#6!)7'(0!
A#&%*#)6.n)!.-.0%8)0#/!*%1#%DÄ;!I(/3),)'@4?),/3+*(-4G&;8%+2)4/;84V3)'(,&64N/%A),'4
/;84N.)%/!&@!X;!GPFGW=!

[,'8(%);!e8![)8%*96!)67!i'9;!?,'8%#!?!2"VVG5;!Ä@#9%(%/0*#/)(!#8+%7)6/%!)67!<97-!
/98+9.#0#96Y!+*%.%60!.0)0'.!)67!:'0'*%!7#*%/0#96.Ä;!L1,%(,(+;4J)H()B'@!H^!2G5;!"^PFP"=!

[()*M%;!?#9<,)6!K;!%0!)(=!2^Q"G)5;!ÄCJ%*/#.%!)67!)..9/#)0%7!7#%0)*-!%J0*%8%.!#8+)/0!96!&'0!
8#/*9<#)(!7#1%*.#0-Ä;!k1,@!XP!2"^5;!"V"PF^Q=!

[()*M%;!?#9<,)6!K;!%0!)(=!2^Q"G<5;!ÄCJ%*/#.%!)67!)..9/#)0%7!7#%0)*-!%J0*%8%.!#8+)/0!96!&'0!
8#/*9<#)(!7#1%*.#0-Ä;!k1,=!



! WE!

[9((%-;!$)/,%(![;!%0!)(=!2^Q""5;!Ä3,-.#/)(!)/0#1#0-!9:![)6)7#)6!)7'(0.Y!)//%(%*98%0%*!*%.'(0.!
:*98!0,%!^QQW!09!^QQV![)6)7#)6!j%)(0,!N%).'*%.!?'*1%-Ä;!Y)/*,.4%)!+%,'@!^^!2"5;!W=!

[9*#/);!T98%6#/9;!%0!)(=!2^Q"E5;!ÄT9%.!:)8#(-!,#.09*-!9:!9<%.#0-;!/)*7#91)./'()*;!)67!
8%0)<9(#/!7#.%).%.!#6:('%6/%!96.%0!)67!.%1%*#0-!9:!/,#(7,997!9<%.#0-{Ä;!5%+;,()%'4(;4
$;8+-%(;+*+A&@!V;!"EW=!

['88#6.;!?0%1%6!)67!N)/#60-*%;!?)((-!2^QQX5;!ÄK997!%61#*968%60.!)67!9<%.#0-é
6%#&,<9'*,997!9*!6)0#96{Ä;!Q;,)%;/,(+;/*4U+1%;/*4+E4)!(8)2(+*+A&@!PH!2"5;!"QQFQG=!

7)!?#(1);!@*'6)!i96è)(1%.![;!%0!)(=!2^Q"V5;!Ä4..9/#)0#96.!9:!+,-.#/)(!)/0#1#0-!)67!.%7%60)*-!
0#8%!D#0,!<97-!/98+9.#0#96!#6!@*)b#(#)6!-9'6&!)7'(0.Ä;!G-();,(E(-4%)!+%,'@!V!2"5;!"F"Q=!

T)*896;!A#/9(%!)67!T*%D69D.M#;!47)8!2^QQE5;!ÄT9%.!.9/#)(!/()..!+*%7#/0!7#%0!_')(#0-{Ä;!N.)4
=2)%(-/;4U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!EW!2H5;!""QWF"W=!

FFF!2^Q"H5;!Ä[960*#<'0#96!9:!:997!+*#/%.!)67!7#%0!/9.0!09!.9/#9%/9698#/!7#.+)*#0#%.!#6!7#%0!
_')(#0-!)67!,%)(0,Y!)!.-.0%8)0#/!*%1#%D!)67!)6)(-.#.Ä;!L1,%(,(+;4%)H()B'@!WP!2"Q5;!XGPF
XQ=!

T%./,).)'J;!Nê()6#%;!%0!)(=!2^Q"E5;!ÄT%+#/0#6&!0,%!/98+9.#0#96!9:!&'0!8#/*9<#90)!#6!)!
+9+'()0#96!D#0,!1)*#%7!%0,6#/!9*#&#6.!<'0!.,)*%7!&%9&*)+,-Ä;!L/,1%)42)8(-(;)@!^G!
2"Q5;!"H^XFP"=!

T%1)'J;!Ni?;!%0!)(=!2^Q"W5;!ÄRC[T!R<%.#0-!k+7)0%!^Q"WÄ;!2RC[TY!3)*#.;!K*)6/%5=!
T#)b;!c%#0,!N;!%0!)(=!2^Q"W5;!Ä3)00%*6.!9:!.%7%60)*-!<%,)1#9*!)67!89*0)(#0-!#6!k?!8#77(%F)&%7!

)67!9(7%*!)7'(0.Y!)!6)0#96)(!/9,9*0!.0'7-Ä;!=;;/*'4+E4(;,)%;/*42)8(-(;)@!"XW!2W5;!GXHF
WH=!

T#/M%-;!$#/,)*7!4;!%0!)(=!2"VVE5;!Ä44[CZ4[C!39.#0#96!.0)0%8%60!96!0,%!+*%1%60#96;!
7#)&69.#.;!)67!0*%)08%60!9:!9<%.#0-!2"VVE!*%1#.#965Ä;!$;8+-%(;)4<%/-,(-)@!G!2H5;!^VWF
PHQ=!

T#.,8)6;!$97!c;!e).,<'*6;!$#/,)*7!4;!)67!?/,9%((%*;!T)(%!4!2^QQ"5;!ÄN%).'*%8%60!9:!
+,-.#/)(!)/0#1#0-Ä;!l1)',@!HP!2P5;!^VHFPQV=!

T96)(7.96;!?%0,![;!%0!)(=!2^Q"X5;!ÄS)*#)<#(#0-!9:!9<f%/0#1%(-!8%).'*%7!.%7%60)*-!<%,)1#9*Ä;!
?)8(-(;)4T4G-();-)4(;4G!+%,'4T4$R)%-(')@!GE!2G5;!WHH=!

T9*(#6&;!d)8%.;!%0!)(=!2^Q"E5;!Ä4/'0%!)67!/,*96#/!%::%/0.!9:!%J%*/#.%!96!)++%0#0%;!%6%*&-!
#60)M%;!)67!)++%0#0%F*%()0%7!,9*896%.Y!0,%!897'()0#6&!%::%/0!9:!)7#+9.#0-;!.%J;!)67!
,)<#0')(!+,-.#/)(!)/0#1#0-Ä;!L1,%();,'@!"Q!2V5;!""GQ=!

T'6/)6;!?/900;!%0!)(=!2^Q"E5;!Äe%)*F0#8%!/98+(#)6/%!D#0,!)!7')(F)//%(%*98%0%*!.-.0%8!:9*!
/)+0'*#6&!^GF,!<%,)1#9'*)(!+*9:#(%.!#6!/,#(7*%6!)67!)7'(0.Ä;!Q;,)%;/,(+;/*4U+1%;/*4+E4
);H(%+;2);,/*4%)')/%-.4/;84!13*(-4.)/*,.@!"H!2W5;!"^VX=!

T'*%6;!T)6)!U;!%0!)(=!2^QQE5;!Ä@97-!/98+9.#0#96!8%0,97.Y!/98+)*#.96.!)67!#60%*+*%0)0#96Ä;!
X+1%;/*4+E48(/3),)'4'-();-)4/;84,)-.;+*+A&@!^!2X5;!""PVFGX=!

T'*M;!$-)6!3;!%0!)(=!2^Q"V5;!Äi'0!8#/*9<#90)!/98+9.#0#96!#.!*%()0%7!09!/)*7#9*%.+#*)09*-!
:#06%..!#6!,%)(0,-!-9'6&!)7'(0.Ä;!Q;,)%;/,(+;/*4U+1%;/*4+E4'!+%,4;1,%(,(+;4/;84)R)%-(')4
2),/3+*('2@!^V!2P5;!^GVFHP=!

C)&(%;!>)-(9*!K;!%0!)(=!2^Q"^5;!Äk67%*.0)67#6&!/,#(7,997!9<%.#0-!#6!48%*#/)Y!(#6M)&%.!
<%0D%%6!,9'.%,9(7!#6/98%;!/988'6#0-!*%.9'*/%.;!)67!/,#(7*%6Ä.!<%,)1#9*.Ä;!
=2)%(-/;4.)/%,4U+1%;/*@!"XP!2H5;!EPXFGP=!

C7D)*7.96;![,)*(900%!U;!%0!)(=!2^Q"^5;!Ä4..9/#)0#96!9:!.%7%60)*-!<%,)1#9'*!D#0,!8%0)<9(#/!
.-67*98%Y!)!8%0)F)6)(-.#.Ä;!<*+G4+;)@!W!2G5;!%PGV"X=!

CM%('67;!k(:;!%0!)(=!2^Q"X5;!ÄT9%.!+,-.#/)(!)/0#1#0-!)00%6')0%;!9*!%1%6!%(#8#6)0%;!0,%!
7%0*#8%60)(!)..9/#)0#96!9:!.#00#6&!0#8%!D#0,!89*0)(#0-{!4!,)*896#.%7!8%0)F)6)(-.#.!9:!
7)0)!:*98!89*%!0,)6!"!8#((#96!8%6!)67!D98%6Ä;!N.)4W/;-),@!PEE!2"QQH"5;!"PQ^F"Q=!

CM%('67;!k(:;!%0!)(=!2^Q"V5;!ÄT9.%F*%.+96.%!)..9/#)0#96.!<%0D%%6!)//%(%*98%0*-!8%).'*%7!
+,-.#/)(!)/0#1#0-!)67!.%7%60)*-!0#8%!)67!)((!/)'.%!89*0)(#0-Y!.-.0%8)0#/!*%1#%D!)67!
,)*896#.%7!8%0)F)6)(-.#.Ä;!32U@!PXX=!



! WV!

C((#90;![)0,%*#6%!466%!)67!j)8(#6;!N#/,)%(!d9,6!2^Q"E5;!Ä[98<#6%7!7#%0!)67!+,-.#/)(!
)/0#1#0-!#.!<%00%*!0,)6!7#%0!9*!+,-.#/)(!)/0#1#0-!)(96%!)0!#8+*91#6&!,%)(0,!9'0/98%.!:9*!
+)0#%60.!#6!A%D!B%)()67].!+*#8)*-!/)*%!#60%*1%60#96Ä;!7?P4<13*(-4Y)/*,.@!"E!2"5;!
^PQ=!

C*#M..96;!d9,)6;!%0!)(=!2^QQ"5;!Ä?#b%!)0!<#*0,;!/,#(7,997!&*9D0,!)67!9<%.#0-!#6!)7'(0!(#:%Ä;!
Q;,)%;/,(+;/*4U+1%;/*4+E4+3)'(,&@!^H!2H5;!WPHFGQ=!

C*#M..96;!d9,)6!i;!%0!)(=!2^Q"G5;!ÄU96&F0%*8!/96.%_'%6/%.!9:!8)0%*6)(!91%*D%#&,0!#6!
+*%&6)6/-!96!9::.+*#6&!()0%*!,%)(0,Y!:#67#6&.!:*98!0,%!j%(.#6M#!@#*0,![9,9*0!?0'7-Ä;!
=;;/*'4+E42)8(-(;)@!GX!2X5;!GPGFPE=!

C.+9.#09;!c)0,%*#6%;!%0!)(=!2^Q"P5;!ÄN%7#0%**)6%)6!7#%0!)67!8%0)<9(#/!.-67*98%Y!)6!'+7)0%7!
.-.0%8)0#/!*%1#%DÄ;!J)H()B'4(;4$;8+-%(;)4/;84?),/3+*(-4I('+%8)%'@!"G!2P5;!^HHFXP=!

C.0)M#;!N%,*<97;!%0!)(=!2^Q"X5;!Ä[)*7#9*%.+#*)09*-!:#06%..!).!)!+*%7#/09*!9:!#60%.0#6)(!8#/*9<#)(!
7#1%*.#0-!)67!7#.0#6/0!8%0)&%698#/!:'6/0#96.Ä;!?(-%+3(+2)@!G!2"5;!G^=!

C1)6.;![,*#.0#)6![;!%0!)(=!2^Q"G5;!ÄCJ%*/#.%!+*%1%60.!D%#&,0!&)#6!)67!)(0%*.!0,%!&'0!8#/*9<#90)!
#6!)!89'.%!897%(!9:!,#&,!:)0!7#%0F#67'/%7!9<%.#0-Ä;!<13*(-4W(3%/%&4+E4G-();-)4+;)@!V!
2P5;!%V^"VP=!

CJ%0%*;!T)6#%(!d9,6;!%0!)(=!2^Q"W5;!Ä>,%!A%D!B%)()67!a67#/%.!9:!N'(0#+(%!T%+*#1)0#96!2aNT5Y!
4!6%D!.'#0%!9:!#67#/)09*.!:9*!.9/#)(!)67!,%)(0,!*%.%)*/,!#6!490%)*9);!A%D!B%)()67Ä;!
<*+G4+;)@!"^!2E5;!%Q"E"^XQ=!

K)6;!h96&!)67!3%7%*.%6;!R(':!2^Q^"5;!Äi'0!8#/*9<#90)!#6!,'8)6!8%0)<9(#/!,%)(0,!)67!
7#.%).%Ä;!L/,1%)4J)H()B'4?(-%+3(+*+A&@!"V!2"5;!HHFW"=!

K#0/,;!46&%()!c!)67!@)-.;!j)*9(7!C!2^Q^^5;!ÄR<%.#0-!7%:#6#0#96;!7#)&69.#.;!<#).;!.0)67)*7!
9+%*)0#6&!+*9/%7'*%.!2?R3.5;!)67!0%(%,%)(0,Y!46!R<%.#0-!N%7#/#6%!4..9/#)0#96!
2RN45![(#6#/)(!3*)/0#/%!?0)0%8%60!2[3?5!^Q^^Ä;!V3)'(,&4<(**/%';!"QQQQG=!

K#0b,'&,;!C'&%6%![!2^Q"H5;!ÄN%0,97.!09!8%).'*%!+,-.#/)(!)/0#1#0-!<%,)1#9*.!#6!,%)(0,!
%7'/)0#96!*%.%)*/,Ä;!=2)%(-/;4X+1%;/*4+E4Y)/*,.4$81-/,(+;@!GX!2"5;!"FX=!

K9((#;!K*)6/9;!%0!)(=!2"VV^5;!Äa6.'(#6!.0#8'()0#96!9:!+,9.+,)0#7-(#69.#09(!PFM#6).%!)/0#1#0-!)67!
)..9/#)0#96!D#0,!#6.'(#6!*%/%+09*!.'<.0*)0%!"!#6!(#1%*!)67!8'./(%!9:!0,%!#60)/0!*)0Ä;!
X+1%;/*4+E47(+*+A(-/*4P.)2(',%&@!^XW!2P"5;!^^"W"FWW=!

K9.0%*;!j)8#.,!NC;!%0!)(=!2^Q"E5;!Ä>,%!%::%/0!9:!.9/#9%/9698#/!7%+*#1)0#96!96!0,%!)..9/#)0#96!
<%0D%%6!)6!%J0%67%7!8%).'*%8%60!9:!'6,%)(0,-!(#:%.0-(%!:)/09*.!)67!,%)(0,!9'0/98%.Y!
)!+*9.+%/0#1%!)6)(-.#.!9:!0,%!kc!@#9<)6M!/9,9*0Ä;!N.)4W/;-),4<13*(-4Y)/*,.@!P!2"^5;!
%HWXF%EH=!

K*)6M(#6;!$'0,!N;!3(9'0bF?6-7%*;!U9*#;!)67!c)6)(%-;!d#((!4!2^QQV5;!ÄU96&#0'7#6)(!/,)6&%.!#6!
)<798#6)(!:)0!7#.0*#<'0#96!D#0,!8%69+)'.%Ä;!?),/3+*('2@!HE!2P5;!P""F"H=!

K*%%7.96;!3)00-;!N%()6.96;!C7D)*7;!)67!?#*)*7;!d9,6!2"VVE5;!Ä[)(#<*)0#96!9:!0,%!/98+'0%*!
./#%6/%!)67!)++(#/)0#96.;!a6/=!)//%(%*98%0%*Ä;!?)8(-(;)4T4'-();-)4(;4'!+%,'4T4
)R)%-(')@!PQ!2H5;!WWWFE"=!

K'%b%M#;!C.b0%*;!C6&%*9::;!>9<#).;!)67!@)6b%*;!e#6:*#%7!2^Q"W5;!Äj%)(0,!<%6%:#0.!9:!(#&,0F
#60%6.#0-!+,-.#/)(!)/0#1#0-Y!)!.-.0%8)0#/!*%1#%D!9:!)//%(%*98%0%*!7)0)!9:!0,%!A)0#96)(!
j%)(0,!)67!A'0*#0#96!CJ)8#6)0#96!?'*1%-!2Aj4AC?5Ä;!G!+%,'4?)8(-(;)@!GW!2V5;!
"WXVFVP=!

i)67%*;!3,#(#++)!j!2^QQP5;!G*))!4(;4,.)4\cZ.+1%4'+-(),&!2R+%6!39(-0%/,6#/!9:!A%D!B%)()675=!
i)9;!B,)6&'9;!%0!)(=!2^QQV5;!Ä@'0-*)0%!#8+*91%.!#6.'(#6!.%6.#0#1#0-!)67!#6/*%).%.!%6%*&-!

%J+%67#0'*%!#6!8#/%Ä;!I(/3),)'@!HE!2W5;!"HQVF"W=!
i)**#79F[,)89**9;!$3;!%0!)(=!2^QQV5;!Ä[9**%()0#96!<%0D%%6!<97-!8)..!#67%J!)67!<97-!

/98+9.#0#96!#6!%(#0%!)0,(%0%.Ä;!X+1%;/*4+E4'!+%,'42)8(-(;)4/;84!.&'(-/*4E(,;)''@!GV!2P5;!
^WE=!

i@T!^Q"H!R<%.#0-![9(()<9*)09*.!2^Q"W5;!Äj%)(0,!%::%/0.!9:!91%*D%#&,0!)67!9<%.#0-!#6!"VH!
/9'60*#%.!91%*!^H!-%)*.Ä;!L)B4$;A*/;84X+1%;/*4+E4?)8(-(;)@!PWW!2"5;!"PF^W=!



! EQ!

i%9*&%;!i9(7-![,)/M9;!%0!)(=!2^QQG5;!ÄT%1%(9+8%60!)67!1)(#7)0#96!9:!)!.%8#F_')60#0)0#1%!
:997!:*%_'%6/-!_'%.0#966)#*%!:9*!-9'6&!)7'(0!D98%6!#6!0,%!.9'0,D%.0%*6!k6#0%7!
?0)0%.Ä;!L1,%(,(+;4J)')/%-.@!^G!2"5;!^VFGP=!

i#<<.;!@%0,)6-!@)*96%;!%0!)(=!2^Q"W5;!Ä?%7%60)*-!0#8%;!+,-.#/)(!)/0#1#0-;!)67!)7#+9.#0-Y!/*9..F
.%/0#96)(!)67!(96&#0'7#6)(!)..9/#)0#96.!#6![4$Ta4Ä;!=2)%(-/;4U+1%;/*4+E4!%)H);,(H)4
2)8(-(;)@!HP!2X5;!WXGFW"=!

i#<.96;!$9.)(#67!?!2^QQH5;!<%(;-(!*)'4+E4;1,%(,(+;/*4/'')''2);,!2RJ:9*7!'6#1%*.#0-!+*%..;!
k?45=!

i967#8;!R(#1#)!?)609.;!%0!)(=!2^Q"H5;!Ä@%6%:#0.!9:!*%&'()*!%J%*/#.%!96!#6:()88)09*-!)67!
/)*7#91)./'()*!*#.M!8)*M%*.!#6!69*8)(!D%#&,0;!91%*D%#&,0!)67!9<%.%!)7'(0.Ä;!<13*(-4
W(3%/%&4+E4G-();-)4+;)@!"Q!2"Q5;!%Q"GQHVX=!

i997*#/,;!d'(#)!c;!%0!)(=!2^Q"G5;!Ä[967'/0#6&!)!8#/*9<#98%!.0'7-Ä;!P)**@!"HE!2^5;!^HQFX^=!
i997-%)*;!U4k$aC!d;!%0!)(=!2"VVH5;!ÄC::%/0.!9:!/960*)/0#(%!)/0#1#0-!96!0-*9.#6%!

+,9.+,9+*90%#6.!)67!3a!PFM#6).%!)/0#1#0-!#6!*)0!.M%(%0)(!8'./(%Ä;!=2)%(-/;4X+1%;/*4+E4
<.&'(+*+A&Z$;8+-%(;+*+A&4=;84?),/3+*('2@!^XE!2H5;!CVEWFCVH=!

i*)-;!T)1#7!?;!%0!)(=!2"VEV5;!ÄC::%/0!9:!9<%.#0-!96!<#9%(%/0*#/)(!#8+%7)6/%Ä;!N.)4=2)%(-/;4
U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!HQ!2^5;!^HHFXQ=!

i*9.#/M#;!i*%&9*-!d;!T'*M;!$-)6!3;!)67!@)&(%-;!d)8%.!$!2^Q"V5;!Ä$)+#7!&'0!8#/*9<#98%!
/,)6&%.!#6!)!D9*(7y/()..!'(0*)8)*)0,96!*'66%*Ä;!<.&'(+*+A(-/*4J)!+%,'@!W!2^G5;!
%"GP"P=!

i'0,9(7;!$%&#6);!%0!)(=!2^Q"E5;!Äe9*(7D#7%!0*%67.!#6!#6.'::#/#%60!+,-.#/)(!)/0#1#0-!:*98!^QQ"!
09!^Q"XY!)!+99(%7!)6)(-.#.!9:!PHE!+9+'()0#96F<).%7!.'*1%-.!D#0,!"}!V!8#((#96!
+)*0#/#+)60.Ä;!N.)4*/;-),4A*+3/*4.)/*,.@!X!2"Q5;!%"QWWF%EX=!

j)(%.![N;![)**9((!NT;!K*-)*![T;!R&7%6![U=!2^Q^Q5;!Ä3*%1)(%6/%!9:!9<%.#0-!)67!.%1%*%!
9<%.#0-!)896&!)7'(0.Y!k6#0%7!?0)0%.;!^Q"Wn^Q"E=!A[j?!T)0)!@*#%:Ä;!#6!A)0#96)(!
[%60%*!:9*!j%)(0,!?0)0#.0#/.!2%7=5;!2!j-)00.1#((%;!NT5=!

j)8#(096;!N)*/!>;!j)8#(096;!T%<9*),!i;!)67!B7%*#/;!>,%979*%!e!2^QQG5;!ÄCJ%*/#.%!
+,-.#9(9&-!1%*.'.!#6)/0#1#0-!+,-.#9(9&-Y!)6!%..%60#)(!/96/%+0!:9*!'67%*.0)67#6&!
(#+9+*90%#6!(#+).%!*%&'()0#96Ä;!$R)%-(')4/;84'!+%,4'-();-)'4%)H()B'@!P^!2G5;!"X"=!

FFF!2^QQW5;!Ä$9(%!9:!(9D!%6%*&-!%J+%67#0'*%!)67!.#00#6&!#6!9<%.#0-;!8%0)<9(#/!.-67*98%;!0-+%!^!
7#)<%0%.;!)67!/)*7#91)./'()*!7#.%).%Ä;!I(/3),)'@!HX!2""5;!^XHHFXW=!

j)8+096FN)*/%((;!d)**)7!>#890,-;!%0!)(=!2^Q^Q5;!Ä[98+)*)0#1%!46)(-.#.!9:!i'0!N#/*9<#90)!
K9((9D#6&![,)6&%.!#6!>*)#6#6&!S9('8%!4896&!?D#88%*.Ä;!Q;,)%;/,(+;/*4X+1%;/*4+E4
G!+%,'4?)8(-(;)@!G"!2QH5;!^V^FVV=!

j)6.%6;!@fs*&%!j%*8)6;!%0!)(=!2^Q"P5;!Ä3)00%*6.!9:!9<f%/0#1%(-!8%).'*%7!+,-.#/)(!)/0#1#0-!#6!
69*8)(!D%#&,0;!91%*D%#&,0;!)67!9<%.%!#67#1#7')(.!2^QnEH!-%)*.5Y!)!/*9..F.%/0#96)(!
.0'7-Ä;!<W+G4V;)@!E!2"5;!%HPQGG=!

j)*1)*7!?/,99(!9:!3'<(#/!j%)(0,!2^Q^^5;!ÄN%).'*#6&!R<%.#0-Ä;!
Ü,00+.YZZDDD=,.+,=,)*1)*7=%7'Z9<%.#0-F+*%1%60#96F.9'*/%Z9<%.#0-F7%:#6#0#96Z,9DF09F
8%).'*%F<97-F:)06%..Z�$%:%*%6/%.\;!)//%..%7!PQ0,!d'(-=!

j%)(-;!i%6%1#%1%!A;!%0!)(=!2^QQE5;!ÄR<f%/0#1%(-!8%).'*%7!.%7%60)*-!0#8%;!+,-.#/)(!)/0#1#0-;!
)67!8%0)<9(#/!*#.MY!0,%!4'.0*)(#)6!T#)<%0%.;!R<%.#0-!)67!U#:%.0-(%!?0'7-!24'.T#)<5Ä;!
I(/3),)'4-/%)@!P"!2^5;!PXVFW"=!

j%#.096;!C8#(-!N;!%0!)(=!2^Q^Q5;!ÄCJ%*/#.%!#8+*91%.!)7#+9.9+)0,-;!#6.'(#6!.%6.#0#1#0-!)67!
8%0)<9(#/!.-67*98%!.%1%*#0-!#67%+%67%60!9:!#60%6.#0-Ä;!$R!)%(2);,/*4<.&'(+*+A&@!"QH!
2G5;!XP^FGQ=!

j%6.96;!d9.%+,;!%0!)(=!2^Q"P5;!Ä4..9/#)0#96.!9:!9<f%/0#1%(-!8%).'*%7!.%7%60)*-!<%,)1#9'*!)67!
+,-.#/)(!)/0#1#0-!D#0,!8)*M%*.!9:!/)*7#98%0)<9(#/!,%)(0,Ä;!I(/3),+*+A(/@!HX!2H5;!"Q"^F
^Q=!



! E"!

j#((;!d)8%.!R;!e-)00;!j9((-!$;!)67!3%0%*.;!d9,6![!2^Q"^5;!ÄC6%*&-!<)()6/%!)67!9<%.#0-Ä;!
P(%-1*/,(+;@!"^X!2"5;!"^XFP^=!

j9/,6%*;!j)&#0;!%0!)(=!2^Q"^5;!Ä4..9/#)0#96.!9:!8)0%*6)(!+*%+*%&6)6/-!<97-!8)..!#67%J!)67!
&%.0)0#96)(!D%#&,0!&)#6!D#0,!)7'(0!9::.+*#6&!/)*7#98%0)<9(#/!*#.M!:)/09*.Y!0,%!
d%*'.)(%8!3%*#6)0)(!K)8#(-!K9((9DF'+!?0'7-Ä;!P(%-1*/,(+;@!"^H!2""5;!"PE"FEV=!

j9+M#6.;!N)*M!)67!@('67%((;!d9,6!C!2^Q"X5;!ÄC6%*&-!<)()6/%;!<97-!/98+9.#0#96;!
.%7%60)*#6%..!)67!)++%0#0%!*%&'()0#96Y!+)0,D)-.!09!9<%.#0-Ä;!P*(;(-/*4G-();-)@!"PQ!
2"E5;!"X"HF^E=!

j'68);!?;!%0!)(=!2^Q"X5;!Ä@97-!/98+9.#0#96F7%*#1%7!@Na!/'0F9::.!:9*!91%*D%#&,0!)67!9<%.#0-!
#6!a67#)6.!)67![*%9(%.!9:!N)'*#0#'.Y!/98+)*#.96!D#0,![)'/).#)6.Ä;!Q;,)%;/,(+;/*4
U+1%;/*4+E4+3)'(,&@!GQ!2"^5;!"VQXF"G=!

a<*),#8;!N!N9,.%6!2^Q"Q5;!Ä?'</'0)6%9'.!)67!1#./%*)(!)7#+9.%!0#..'%Y!.0*'/0'*)(!)67!
:'6/0#96)(!7#::%*%6/%.Ä;!V3)'(,&4%)H()B'@!""!2"5;!""F"E=!

a8)8'*);!K'8#)M#;!%0!)(=!2^Q"H5;!ÄT#%0)*-!_')(#0-!)896&!8%6!)67!D98%6!#6!"EW!/9'60*#%.!#6!
"VVQ!)67!^Q"QY!)!.-.0%8)0#/!)..%..8%60Ä;!N.)4W/;-),4k*+3/*4Y)/*,.@!P!2P5;!%"P^F%G^=!

a60%*6)0#96)(!T#)<%0%.!K9'67)0#96!2^QQX5;!Ä>,%!aTK!/96.%6.'.!D9*(7D#7%!7%:#6#0#96!9:!0,%!
8%0)<9(#/!.-67*98%Ä=!

ab_'#%*79;!467*%)!i;!%0!)(=!2^Q"V5;!ÄU%+0#6;!9<%.#0-;!)67!(%+0#6!*%.#.0)6/%Y!D,%*%!)*%!D%!^H!
-%)*.!()0%*{Ä;!L1,%();,'@!""!2""5;!^WQG=!

d)&9;!$'..%((;!%0!)(=!2^QQW5;!ÄT%/#.#96!<9'67)*#%.!)67!*%/%#1%*!9+%*)0#6&!/,)*)/0%*#.0#/!/'*1%.Y!
6%D!8%0,97.!:9*!7%0%*8#6#6&!)//%(%*98%0%*!/'0+9#60.Ä;!X+1%;/*4+E4'!+%,'4'-();-)'@!^H!
2E5;!VPWFGG=!

d)67);!d!N#/,)%(!)67!4<<900;!?,)*96!U!2^QQW5;!Ä"X?!*$A4!&%6%!.%_'%6/#6&!:9*!<)/0%*#)(!
#7%60#:#/)0#96!#6!0,%!7#)&69.0#/!()<9*)09*-Y!+('.%.;!+%*#(.;!)67!+#0:)((.Ä;!X+1%;/*4+E4
-*(;(-/*42(-%+3(+*+A&@!GH!2V5;!^WX"FXG=!

d)-).#6&,%;!?,)M%%()!A;!%0!)(=!2^Q"V5;!ÄT#%0)*-!+)00%*6.!#6!A%D!B%)()67!D98%6Y!%1)(')0#6&!
7#::%*%6/%.!#6!<97-!/98+9.#0#96!)67!8%0)<9(#/!<#98)*M%*.Ä;!L1,%();,'@!""!2W5;!"XGP=!

d%::%*#.;!@)*<)*)!d;!%0!)(=!2^Q"V5;!ÄR<f%/0#1%(-!8%).'*%7!+,-.#/)(!)/0#1#0-;!.%7%60)*-!<%,)1#9'*!
)67!)((F/)'.%!89*0)(#0-!#6!9(7%*!8%6Y!79%.!19('8%!9:!)/0#1#0-!8)00%*!89*%!0,)6!+)00%*6!
9:!)//'8'()0#96{Ä;!7%(,('.4U+1%;/*4+E4'!+%,'42)8(-(;)@!HP!2"X5;!"Q"PF^Q=!

c)6&;!?#(1#)!?;!%0!)(=!2^Q"G5;!ÄT#%0!)67!%J%*/#.%!9*0,9&96)((-!)(0%*!0,%!&'0!8#/*9<#98%!)67!
*%1%)(!#67%+%67%60!)..9/#)0#96.!D#0,!)6J#%0-!)67!/9&6#0#96Ä;!?+*)-1*/%4
;)1%+8)A);)%/,(+;@!V!2"5;!PX=!

c)*(;!d!3,#(#+;!%0!)(=!2^Q"W5;!Ä[,)6&%.!#6!#60%.0#6)(!8#/*9<#90)!/98+9.#0#96!)67!8%0)<9(#.8!
/9#6/#7%!D#0,!#6/*%).%7!#60%.0#6)(!+%*8%)<#(#0-!#6!-9'6&!)7'(0.!'67%*!+*9(96&%7!
+,-.#9(9&#/)(!.0*%..Ä;!=2)%(-/;4X+1%;/*4+E4<.&'(+*+A&Zk/',%+(;,)',(;/*4/;84W(H)%4
<.&'(+*+A&@!P"^!2X5;!iHHVFiW"=!

c).09*#6#;![,*#.0#6)FN)*#);!%0!)(=!2^Q""5;!Ä>,%!%::%/0!9:!N%7#0%**)6%)6!7#%0!96!8%0)<9(#/!
.-67*98%!)67!#0.!/98+96%60.Y!)!8%0)F)6)(-.#.!9:!HQ!.0'7#%.!)67!HPG;VQX!#67#1#7')(.Ä;!
X+1%;/*4+E4,.)4=2)%(-/;4P+**)A)4+E4P/%8(+*+A&@!HW!2""5;!"^VVFP"P=!

c)0b8)*b-M;!3%0%*!>;!%0!)(=!2^Q"V5;!Ä?%7%60)*-!<%,)1#9*!)67!,%)(0,Y!'+7)0%!:*98!0,%!^Q"E!
3,-.#/)(!4/0#1#0-!i'#7%(#6%.!471#.9*-![988#00%%Ä;!?)8(-(;)4T4G-();-)4(;4G!+%,'4T4
$R)%-(')@!H"!2X5;!"^^WFG"=!

c)'*;!d).+#67%*!2^Q"G5;!Ä4!/98+*%,%6.#1%!*%1#%D!96!8%0)<9(#/!.-67*98%Ä;!P/%8(+*+A&4
%)')/%-.4/;84!%/-,(-)@!^Q"G=!

c%9,)6%;!T)1#7!N;!%0!)(=!2^Q"V5;!ÄK9'*!8%6!#6!)!<9)0Y!k(0*)F%67'*)6/%!%J%*/#.%!)(0%*.!0,%!&'0!
8#/*9<#98%Ä;!X+1%;/*4+E4'-();-)4/;842)8(-(;)4(;4'!+%,@!^^!2V5;!"QHVFXG=!

c%-.;!46/%(;!%0!)(=!2"VW^5;!Äa67#/%.!9:!*%()0#1%!D%#&,0!)67!9<%.#0-Ä;!X+1%;/*4+E4-.%+;(-4
8(')/')'@!^H!2XFW5;!P^VFGP=!



! E^!

c#8;!h9'6&7%9M;!%0!)(=!2^Q"H5;!ÄCJ0*)/0#6&!9<f%/0#1%!%.0#8)0%.!9:!.%7%60)*-!<%,)1#9*!:*98!
)//%(%*98%0%*!7)0)Y!8%).'*%8%60!/96.#7%*)0#96.!:9*!.'*1%#(()6/%!)67!*%.%)*/,!
)++(#/)0#96.Ä;!<*+G4+;)@!"Q!2^5=!

c#6&;!e%67-![;!%0!)(=!2^Q""5;!ÄT%0%*8#6#6&!)/0#1#0-!896#09*!D%)*!0#8%Y!)6!#6:('%60#)(!
7%/#.#96!*'(%Ä;!X+1%;/*4+E4<.&'(-/*4=-,(H(,&4/;84Y)/*,.@!E!2G5;!HXXFEQ=!

c6)%+.;!?)*);!%0!)(=!2^Q"X5;!Äa67%+%67%60!)..9/#)0#96.!<%0D%%6!.%7%60)*-!0#8%;!897%*)0%F09F
1#&9*9'.!+,-.#/)(!)/0#1#0-;!/)*7#9*%.+#*)09*-!:#06%..!)67!/)*7#9F8%0)<9(#/!,%)(0,Y!)!
/*9..F.%/0#96)(!.0'7-Ä;!<*+G4+;)@!""!2W5=!

c9,*0;!eCATh!N!2"VVH5;!Ä@97-!/98+9.#0#96!<-!Tl4Y!0*#%7!)67!0*'%{Ä;!?)8(-(;)4/;84
'-();-)4(;4'!+%,'4/;84)R)%-(')@!^W!2"Q5;!"PGVFHP=!

c9(96%(;!U)'*%6/%!A;!%0!)(=!2^QQQ5;!Ä4!8'(0#%0,6#/!/9,9*0!#6!j)D)##!)67!U9.!46&%(%.Y!
<).%(#6%!/,)*)/0%*#.0#/.Ä;!=2)%(-/;4U+1%;/*4+E4)!(8)2(+*+A&@!"H"!2G5;!PGXFHW=!

c9b%-Fc%)7(%;!?)*),;!%0!)(=!2^Q""5;!ÄS)(#7)0#96!9:!D%)*)<(%!896#09*.!:9*!)..%..#6&!.%7%60)*-!
<%,)1#9*Ä;!?)84G-(4G!+%,'4$R)%-@!GP!2E5;!"HX"FW=!

c'.,6%*;!$9<%*0!K;!%0!)(=!2"VVQ5;!ÄS)(#7)0#96!9:!<#9%(%/0*#/)(F#8+%7)6/%!)6)(-.#.!).!)!
8%).'*%8%60!9:!/,)6&%!#6!<97-!/98+9.#0#96!#6!9<%.#0-Ä;!N.)4=2)%(-/;4U+1%;/*4+E4
-*(;(-/*4;1,%(,(+;@!H^!2^5;!^"VF^P=!

U)8<%*0;!d%66#:%*!C;!%0!)(=!2^Q"H5;!ÄCJ%*/#.%!0*)#6#6&!897#:#%.!&'0!8#/*9<#90)!#6!69*8)(!)67!
7#)<%0#/!8#/%Ä;!=!!*()84<.&'(+*+A&@4L1,%(,(+;@4/;84?),/3+*('2@!GQ!2W5;!WGVFH^=!

U)6&.%089;!U#.);!%0!)(=!2^Q"V5;!Ä>,%!4..9/#)0#96!<%0D%%6!R<f%/0#1%(-!N%).'*%7!3,-.#/)(!
4/0#1#0-!)67!0,%!i'0!N#/*9<#98%!)896&!R(7%*![988'6#0-!TD%((#6&!N%6Ä;!N.)4
U+1%;/*4+E4;1,%(,(+;@4.)/*,.4T4/A(;A@!^P!2X5;!HPEFGX=!

U)*.96;!A#/9(%!)67!?09*-;!N)*-!2^QQV5;!Ä4!*%1#%D!9:!%61#*968%60)(!#6:('%6/%.!96!:997!
/,9#/%.Ä;!=;;/*'4+E47)./H(+%/*4?)8(-(;)@!PE!2.'++(~"5;!.HXF.WP=!

U%!$9'J;![e;!%0!)(=!2^QQH5;!Ä39.0+*)67#)(!+().8)!&,*%(#6!#.!.'++*%..%7!+*9+9*0#96)(!09!8%)(!
/)(9*#%!/960%60!#6!69*8)(FD%#&,0!<'0!690!9<%.%!.'<f%/0.Ä;!N.)4X+1%;/*4+E4P*(;(-/*4
$;8+-%(;+*+A&4T4?),/3+*('2@!VQ!2^5;!"QXEFW"=!

U%-;!$'0,!C!2^Q"Q5;!ÄR<%.#0-!)67!0,%!,'8)6!8#/*9<#98%Ä;!P1%%);,4+!(;(+;4(;4
A/',%+);,)%+*+A&@!^X!2"5;!HF""=!

U%-;!$'0,!C;!%0!)(=!2^QQX5;!ÄN#/*9<#)(!%/9(9&-Y!,'8)6!&'0!8#/*9<%.!)..9/#)0%7!D#0,!9<%.#0-Ä;!
L/,1%)@!GGG!2W"^^5;!"Q^^=!

U#';!d')6;!%0!)(=!2^Q^^5;!ÄK'6/0#96.!9:!&'0!8#/*9<#90)!8%0)<9(#0%.;!/'**%60!.0)0'.!)67!:'0'*%!
+%*.+%/0#1%.Ä;!=A(;A4I('@!"P!2^5;!"Q="GPPX=!

U9,8)6;!>i;!$9/,%;!4K;!)67!N)*09*%((;!$!2"VEE5;!Ä460,*9+98%0*#/!.0)67)*7#b)0#96!*%:%*%6/%!
8)6')(=![,)8+)#&6;!a((#69#.;!j'8)6!c#6%0#/.Ä;!2a6/5=!

U9b'+96%;![)0,%*#6%!4;!%0!)(=!2^Q"^5;!ÄT#1%*.#0-;!.0)<#(#0-!)67!*%.#(#%6/%!9:!0,%!,'8)6!&'0!
8#/*9<#90)Ä;!L/,1%)@!GEV!2WG"H5;!^^QFPQ=!

U'7D#&;!T)1#7!?;!%0!)(=!2^Q"E5;!ÄT#%0)*-!/)*<9,-7*)0%.Y!*9(%!9:!_')(#0-!)67!_')60#0-!#6!/,*96#/!
7#.%).%Ä;!72U@!PX"=!

U'M).M#;!j%6*-![;!%0!)(=!2"VEH5;!Ä4..%..8%60!9:!:)0F:*%%!8)..!'.#6&!<#9%(%/0*#/)(!#8+%7)6/%!
8%).'*%8%60.!9:!0,%!,'8)6!<97-Ä;!N.)4=2)%(-/;4U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!G"!2G5;!
E"QF"W=!

N)&6%;!K)<#%6;!%0!)(=!2^Q^Q5;!Ä>,%!:#*8#/'0%.Z<)/0%*9#7%0%.!*)0#9Y!)!*%(%1)60!8)*M%*!9:!&'0!
7-.<#9.#.!#6!9<%.%!+)0#%60.{Ä;!L1,%();,'@!"^!2H5;!"GWG=!

N)#(#6&;!U'/-!d;!%0!)(=!2^Q"V5;!ÄCJ%*/#.%!)67!0,%!&'0!8#/*9<#98%Y!)!*%1#%D!9:!0,%!%1#7%6/%;!
+90%60#)(!8%/,)6#.8.;!)67!#8+(#/)0#96.!:9*!,'8)6!,%)(0,Ä;!$R)%-(')4/;84'!+%,4
'-();-)'4%)H()B'@!GW!2^5;!WHFEH=!

N)6&();!46#0)!i)*&;!%0!)(=!2^Q"V5;!ÄK)8#(#)(!<)/M&*9'67!).!)!,#77%6!/)'.%!:9*!9<%.#0-!)896&!
/9((%&%!&9#6&!&#*(.Ä;!X+1%;/*4+E47(+'-();-)'4/;84?)8(-(;)'@!W!2QG5;!"=!



! EP!

N)6.9'<#;!N)%7%,;!%0!)(=!2^Q"G5;!Ä>,%!*%()0#96.,#+!<%0D%%6!.%7%60)*-!<%,)1#9'*!)67!+,-.#/)(!
)/0#1#0-!#6!)7'(0.Y!)!.-.0%8)0#/!*%1#%DÄ;!<%)H);,(H)42)8(-(;)@!XV;!^EFPH=!

N)*0Å6%bFi96bÇ(%b;!N#&'%(!46&%(;!%0!)(=!2^QQH5;!ÄS)(#7)0#96!9:!0,%!?+)6#.,!1%*.#96!9:!0,%!
+,-.#/)(!)/0#1#0-!_'%.0#966)#*%!'.%7!#6!0,%!A'*.%.Ä!j%)(0,!?0'7-!)67!0,%!j%)(0,!
3*9:%..#96)(.Ä!K9((9DF'+!?0'7-Ä;!<13*(-4.)/*,.4;1,%(,(+;@!E!2W5;!V^QF^W=!

N)00,%D.;![,)*(%.!C;!%0!)(=!2^Q"^)5;!Ä@%.0!+*)/0#/%.!:9*!'.#6&!+,-.#/)(!)/0#1#0-!896#09*.!#6!
+9+'()0#96F<).%7!*%.%)*/,Ä;!?)8(-(;)4/;84'-();-)4(;4'!+%,'4/;84)R)%-(')@!GG!2"!?'++(!
"5;!?XE=!

N)00,%D.;![,)*(%.!C;!%0!)(=!2^Q"^<5;!Ä489'60!9:!0#8%!.+%60!#6!.%7%60)*-!<%,)1#9*.!)67!/)'.%F
.+%/#:#/!89*0)(#0-!#6!k?!)7'(0.Ä;!N.)4=2)%(-/;4U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!VH!2^5;!
GPWFGH=!

N/4'(%-;!c#*.0%6!4;!%0!)(=!2^QQ"5;!ÄT#)&69.#6&!#6.'(#6!*%.#.0)6/%!#6!0,%!&%6%*)(!+9+'()0#96Ä;!
I(/3),)'4-/%)@!^G!2P5;!GXQFXG=!

N#&'%(%.;!d)#*9!j;!%0!)(=!2^Q"W5;!Ä4//%(%*98%0%*!7)0)!/9((%/0#96!)67!+*9/%..#6&!/*#0%*#)!09!
)..%..!+,-.#/)(!)/0#1#0-!)67!90,%*!9'0/98%.Y!)!.-.0%8)0#/!*%1#%D!)67!+*)/0#/)(!
/96.#7%*)0#96.Ä;!G!+%,'42)8(-(;)@!GW!2V5;!"E^"FGH=!

N#((%*;!N#/,%((%!4!)67![)++'//#9;!K*)6/%./9!3!2^QQW5;!Äa6:()88)0#96;!.(%%+;!9<%.#0-!)67!
/)*7#91)./'()*!7#.%).%Ä;!P1%%);,4H/'-1*/%4!./%2/-+*+A&@!H!2^5;!VPF"Q^=!

N#6#.0*-!9:!j%)(0,;!A=!B=!2^Q"V5;!Ä466')(!k+7)0%!9:!c%-!$%.'(0.!^Q"EZ"VY!A%D!B%)()67!
j%)(0,!?'*1%-Ä;!2e%((#6&0965=!

N#6#.0*-!9:!j%)(0,;!A%D!B%)()67!2^Q"X5;!Ä466')(!k+7)0%!9:!c%-!$%.'(0.!^Q"HZ"XY!A%D!
B%)()67!j%)(0,!?'*1%-Ä;!2e%((#6&096!5=!

N#6#.0*-!9:!j%)(0,!A%D!B%)()67!2^Q"^5;!Ä4!K9/'.!96!3)/#:#/!A'0*#0#96Y!K#67#6&.!:*98!0,%!
^QQEZQV!A%D!B%)()67!47'(0!A'0*#0#96!?'*1%-Ä;!2e%((#6&096Y!N#6#.0*-!9:!j%)(0,5=!

!!!!!!!!!!!!466')(!k+7)0%!9:!c%-!$%.'(0.!^Q"HZ"XY!A%D!B%)()67!j%)(0,!?'*1%-Ä;!
Ü,00+YZZDDD=,%)(0,=&910=6bZ+'<(#/)0#96Z)66')(F'+7)0%FM%-F*%.'(0.F^Q"HF"XF6%DF
b%)()67F,%)(0,F.'*1%-\=!

N#6#.0*-!9:!j%)(0,!A%D!B%)()67!2^Q^Q5;!ÄC)0#6&!)67!4/0#1#0-!i'#7%(#6%.Ä;!2e%((#6&096!2AB55=!
N#6#.0*-!9:!j%)(0,!A%D!B%)()67!2^Q^^5!466')(!k+7)0%!9:!c%-!$%.'(0.!^Q^"Z^^Y!A%D!

B%)()67!j%)(0,!?'*1%-Ä;!
,00+.YZZ8#6,%)(0,6b=.,#6-)++.=#9Z6bF,%)(0,F.'*1%-F^Q^"F^^F)66')(F7)0)F

%J+(9*%*Z~D~H:/P:<%"Z�gZ%J+(9*%F#67#/)09*.=!
N9(#6);!U'#.;!%0!)(=!2^Q"W5;!ÄS)(#7)0#96!9:!0,%!*%&#/9*!.,9*0!+,-.#/)(!)/0#1#0-!_'%.0#966)#*%!:9*!

0,%!)7'(0!+9+'()0#96Ä;!<W+G4+;)@!"^!2"5;!%Q"XE"GE=!
N|*M(;!?)<*#6);!%0!)(=!2^Q"W5;!Äi'0!8#/*9<#90)!)67!<97-!/98+9.#0#96!#6!)69*%J#)!6%*19.)!

#6+)0#%60.!#6!/98+)*#.96!09!)0,(%0%.;!91%*D%#&,0;!9<%.%;!)67!69*8)(!D%#&,0!/960*9(.Ä;!
Q;,)%;/,(+;/*4X+1%;/*4+E4$/,(;A4I('+%8)%'@!HQ!2"^5;!"G^"FP"=!

N9**#.;!d%*%8#),!A;!%0!)(=!2"VHP5;!Ä[9*96)*-!,%)*0F7#.%).%!)67!+,-.#/)(!)/0#1#0-!9:!D9*MÄ;!N.)4
W/;-),@!^X^!2XWVX5;!""""F^Q=!

A)0#96)(![%60%*!:9*![,*96#/!T#.%).%!3*%1%60#96!)67!j%)(0,!3*9890#96!2^Q^^5;!ÄN%).'*#6&!
3,-.#/)(!4/0#1#0-!a60%6.#0-Ä;!2'+7)0%7!P*7!d'6%!^Q^^5!
Ü,00+.YZZDDD=/7/=&91Z+,-.#/)()/0#1#0-Z<).#/.Z8%).'*#6&Z#67%J=,08(\;!)//%..%7!
^QZQVZ^Q^^!

A)0#96)(!a6.0#0'0%!:9*!j%)(0,!$%.%)*/,!ÄT#%0;!460,*9+98%0*-!)67!3,-.#/)(!4/0#1#0-!2T4345!
N%).'*%8%60!>99(M#0Ä;!Ü,00+.YZZ<%0)=8%).'*%8%60F099(M#0=9*&Z+,-.#/)(F
)/0#1#0-Z#60*97'/0#96ZD,)0F#.F+,-.#/)(F)/0#1#0-\;!)//%..%7!^^ZQXZ^Q^^=!

A[T!$#.M!K)/09*![9(()<9*)0#96!2^Q"X5;!Ä>*%67.!#6!)7'(0!<97-F8)..!#67%J!#6!^QQ!/9'60*#%.!
:*98!"VWH!09!^Q"GY!)!+99(%7!)6)(-.#.!9:!"XVE!+9+'()0#96F<).%7!8%).'*%8%60!.0'7#%.!
D#0,!"V}!^!8#((#96!+)*0#/#+)60.Ä;!W/;-),@!PEW!2"QQ^X5;!"PWWFVX=!=!



! EG!

A%(.96;!$)/,)%(!c;!%0!)(=!2^Q"P5;!ÄT)#(-!+,-.#/)(!)/0#1#0-!+*%7#/0.!7%&*%%!9:!#6.'(#6!*%.#.0)6/%Y!
)!/*9..F.%/0#96)(!9<.%*1)0#96)(!.0'7-!'.#6&!0,%!^QQPn^QQG!A)0#96)(!j%)(0,!)67!
A'0*#0#96!CJ)8#6)0#96!?'*1%-Ä;!Q;,)%;/,(+;/*4X+1%;/*4+E47)./H(+%/*4L1,%(,(+;4/;84
<.&'(-/*4=-,(H(,&@!"Q!2"5;!"Q=!

A%0D9*M;!?%7%60)*-!@%,)1#9'*!$%.%)*/,!2^Q"^5;!ÄU%00%*!09!0,%!%7#09*Y!.0)67)*7#b%7!'.%!9:!0,%!
0%*8.ë!.%7%60)*-ë!)67ë!.%7%60)*-!<%,)1#9'*.ëÄ;!=!!*()84!.&'(+*+A&@4;1,%(,(+;@4/;84
2),/3+*('2#4<.&'(+*+A()4/!!*(i1))@4;1,%(,(+;4),42),/3+*('2)@!PW!2P5;!HGQFG^=!

A%D<-;!3!c*#.0%6;!%0!)(=!2^QQP5;!ÄT#%0)*-!+)00%*6.!)67!/,)6&%.!#6!<97-!8)..!#67%J!)67!D)#.0!
/#*/'8:%*%6/%!#6!)7'(0.Ä;!N.)4=2)%(-/;4U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!WW!2X5;!"G"WF^H=!

A&;!N)*#%;!%0!)(=!2^Q"G5;!Äi(9<)(;!*%&#96)(;!)67!6)0#96)(!+*%1)(%6/%!9:!91%*D%#&,0!)67!9<%.#0-!
#6!/,#(7*%6!)67!)7'(0.!7'*#6&!"VEQn^Q"PY!)!.-.0%8)0#/!)6)(-.#.!:9*!0,%!i(9<)(!@'*7%6!
9:!T#.%).%!?0'7-!^Q"PÄ;!N.)4W/;-),@!PEG!2VVGH5;!WXXFE"=!

RC[T!2^Q"W5;!ÄR<%.#0-!k+7)0%Ä=!
R(#1%*;!N%(97-;!%0!)(=!2^Q""5;!Äa7%60#:#/)0#96!9:!)//%(%*98%0%*!696D%)*!0#8%!)67!.%7%60)*-!

<%,)1#9*Ä;!J)')/%-.4i1/%,)%*&4E+%4)R)%-(')4/;84'!+%,@!E^!2G5;!WWVFEP=!
R(#1%*9.;!C.0%:)6#);!%0!)(=!2^Q"G5;!Ä>,%!/96/%+0!9:!69*8)(!D%#&,0!9<%.#0-Ä;!<%+A%)''4(;4

-/%8(+H/'-1*/%48(')/')'@!HX!2G5;!G^XFPP=!
3)8+%(;!K*%7![;!c*'%&%*;!3)0*#/M!N;!)67!T%66%-;!d'.0#6!>!2^Q"Q5;!Ä?9/#9%/9698#/!

7#.+)*#0#%.!#6!,%)(0,!<%,)1#9*.Ä;!=;;1/*4%)H()B4+E4'+-(+*+A&@!PX;!PGVFWQ=!
3)8+%(;!K*%7![;!T%66%-;!d'.0#6!>;!)67!c*'%&%*;!3)0*#/M!N!2^Q"^5;!ÄR<%.#0-;!?C?;!)67!

%/9698#/!7%1%(9+8%60Y!)!0%.0!9:!0,%!*%1%*.)(!,-+90,%.#.Ä;!G+-(/*4'-();-)4T42)8(-(;)@!
WG!2W5;!"QWPFE"=!

3)*)7#.;!4N;!%0!)(=!2^QQV5;!Ä4..9/#)0#96.!<%0D%%6!7#%0)*-!+)00%*6.!)67!9<%.#0-!+,%690-+%.Ä;!
Q;,)%;/,(+;/*4U+1%;/*4+E4+3)'(,&@!PP!2"^5;!"G"VF^X=!

3)0%;!$'..%((!$;!RÄ6%#((;!d%66#:%*!$;!)67!U9<%(9;!K%(#+%!2^QQE5;!Ä>,%!%19(1#6&!7%:#6#0#96!9:ë!
.%7%60)*-ëÄ;!$R)%-(')4/;84'!+%,4'-();-)'4%)H()B'@!PX!2G5;!"WPFWE=!

3)0%;!$'..%((!$;!%0!)(=!2"VVH5;!Ä3,-.#/)(!)/0#1#0-!)67!+'<(#/!,%)(0,Y!)!*%/988%67)0#96!:*98!0,%!
[%60%*.!:9*!T#.%).%![960*9(!)67!3*%1%60#96!)67!0,%!48%*#/)6![9((%&%!9:!?+9*0.!
N%7#/#6%Ä;!X/2/@!^WP!2H5;!GQ^FQW=!

3%7#á#à;!í%(fM9!)67!@)'8)6;!47*#)6!2^Q"H5;!Ä4//%(%*98%0%*F<).%7!8%).'*%.!#6!+,-.#/)(!
)/0#1#0-!.'*1%#(()6/%Y!/'**%60!+*)/0#/%.!)67!#..'%.Ä;!7%(,('.4U+1%;/*4+E4'!+%,'42)8(-(;)@!
GV!2G5;!^"VF^P=!

3%%0%*.;!i%%.M%;!%0!)(=!2^Q"P5;!Äa.!0,%!+)#6!9:!)/0#1#0-!(9&F<99M.!D9*0,!0,%!&)#6!#6!+*%/#.#96!
D,%6!7#.0#6&'#.,#6&!D%)*!)67!696FD%)*!0#8%!:9*!0*#F)J#)(!)//%(%*98%0%*.{Ä;!X+1%;/*4+E4
G-();-)4/;84?)8(-(;)4(;4G!+%,@!"X!2X5;!H"HF"V=!

3%0%*.;!j3K;!%0!)(=!2"VVV5;!Äi).0*9#60%.0#6)(!.-8+098.!#6!(96&F7#.0)6/%!*'66%*.;!/-/(#.0.;!)67!
0*#)0,(%0%.Y!+*%1)(%6/%;!8%7#/)0#96;!)67!%0#9(9&-Ä;!N.)4=2)%(-/;4U+1%;/*4+E4
A/',%+);,)%+*+A&@!VG!2X5;!"HWQFE"=!

3%0%*.%6;!U)'*%6!N;!%0!)(=!2^Q"W5;!Ä[988'6#0-!/,)*)/0%*#.0#/.!9:!0,%!&'0!8#/*9<#98%.!9:!
/98+%0#0#1%!/-/(#.0.Ä;!?(-%+3(+2)@!H!2"5;!VE=!

39(96.M-;!c?;!i#1%6;!@T;!)67!S)6![)'0%*;!C!2"VEE5;!Ä>D%60-F:9'*F,9'*!+*9:#(%.!)67!
+'(.)0#(%!+)00%*6.!9:!#6.'(#6!.%/*%0#96!#6!69*8)(!)67!9<%.%!.'<f%/0.Ä;!N.)4X+1%;/*4+E4
-*(;(-/*4(;H)',(A/,(+;@!E"!2^5;!GG^FGE=!

39*0%!d*;!T)6#%(;!@).M#6;!T%6#.!i;!)67!?/,D)*0b;!N#/,)%(!e!2^QQ^5;!ÄU%+0#6!)67!#6.'(#6!
)/0#96!#6!0,%!/%60*)(!6%*19'.!.-.0%8Ä;!L1,%(,(+;4%)H()B'@!XQ!2.'++(~"Q5;!?^QF?^V=!

m#)6;!l'F@9;!%0!)(=!2^Q^Q5;!Ä4!&'#7%!09!,'8)6!8#/*9<#98%!*%.%)*/,Y!.0'7-!7%.#&6;!.)8+(%!
/9((%/0#96;!)67!<#9#6:9*8)0#/.!)6)(-.#.Ä;!P.(;)')4?)8(-/*4X+1%;/*@!"PP!2"H5;!"EGGFHH=!

$tt.M;!>*##6;!%0!)(=!2^Q"W5;!Ä[98+)*#.96!9:!a34mF?K!)67!0D9!90,%*!+,-.#/)(!)/0#1#0-!
_'%.0#966)#*%.!D#0,!)//%(%*98%0%*!#6!)79(%./%60!<9-.Ä;!<*+G4+;)@!"^!2"5;!%Q"XVH^W=!



! EH!

$)1'..#6;!h)66;!%0!)(=!2^Q"^5;!Ä$%.+96.%.!9:!&'0!8#/*9<#90)!09!7#%0!/98+9.#0#96!)67!D%#&,0!
(9..!#6!(%)6!)67!9<%.%!8#/%Ä;!V3)'(,&@!^Q!2G5;!WPEFGW=!

$%J*97%;!c)0,*-6!N;!%0!)(=!2"VVE5;!Ä4<798#6)(!)7#+9.#0-!)67!/9*96)*-!,%)*0!7#.%).%!#6!
D98%6Ä;!X/2/@!^EQ!2^"5;!"EGPFGE=!

$#<%#*9;!K#(#+%!N;!%0!)(=!2^Q^"5;!Äa.!0,%*%!)6!%J%*/#.%F#60%6.#0-!0,*%.,9(7!/)+)<(%!9:!)19#7#6&!
0,%!(%)M-!&'0{Ä;!5%+;,()%'4(;4L1,%(,(+;@!E;!WH=!

$#7)'*);!S)6%..)!c;!%0!)(=!2^Q"P5;!Äi'0!8#/*9<#90)!:*98!0D#6.!7#./9*7)60!:9*!9<%.#0-!
897'()0%!8%0)<9(#.8!#6!8#/%Ä;!G-();-)@!PG"!2X"HQ5;!"^G"^"G=!

$#66#6%(();!C8)6'%(%;!%0!)(=!2^Q"V5;!Äe,)0!#.!0,%!,%)(0,-!&'0!8#/*9<#90)!/98+9.#0#96{!4!
/,)6&#6&!%/9.-.0%8!)/*9..!)&%;!%61#*968%60;!7#%0;!)67!7#.%).%.Ä;!?(-%++%A/;('2'@!W!
2"5;!"G=!

$9/,%;!4(%J!K;!%0!)(=!2"VE"5;!Äi*)7#6&!<97-!:)06%..!:*98!(#8#0%7!)60,*9+98%0*#/!7)0)Ä;!N.)4
=2)%(-/;4U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!PG!2"^5;!^EP"FPE=!

$9.#_'%FC.0%<)6;!A'*#);!%0!)(=!2^Q"W5;!ÄU%#.'*%F0#8%!+,-.#/)(!)/0#1#0-;!.%7%60)*-!<%,)1#9*.;!
.(%%+;!)67!/)*7#98%0)<9(#/!*#.M!:)/09*.!)0!<).%(#6%!#6!0,%!3$CTaNCTF3Uk?!
#60%*1%60#96!0*#)(Y!4!/*9..F.%/0#96)(!)6)(-.#.Ä;!<*+G4+;)@!"^!2P5;!%Q"W^^HP=!

$9..;!$9<%*0;!%0!)(=!2^Q^Q5;!Ä[)6)7#)6!^GFj9'*!N91%8%60!i'#7%(#6%.!:9*!47'(0.!)&%7!"EnXG!
-%)*.!)67!47'(0.!)&%7!XH!-%)*.!9*!9(7%*Y!)6!#60%&*)0#96!9:!+,-.#/)(!)/0#1#0-;!.%7%60)*-!
<%,)1#9'*;!)67!.(%%+Ä;!=!!*()84<.&'(+*+A&@4L1,%(,(+;@4/;84?),/3+*('2@!GH!2"Q5;!?HWF
?"Q^=!

$9'<%69::;!$96%66;!%0!)(=!2"VVP5;!Äk.%!9:!7')(F%6%*&-!JF*)-!)<.9*+0#98%0*-!#6!<97-F
/98+9.#0#96!.0'7#%.Y!690!-%0!)!o&9(7!.0)67)*7pÄ;!N.)4=2)%(-/;4U+1%;/*4+E4-*(;(-/*4
;1,%(,(+;@!HE!2H5;!HEVFV"=!

$'67(%;!467*%D!i;!%0!)(=!2^Q^Q5;!Ä>*)/M#6&!9:!9<%.#0-!#6!/,#(7,997!#609!)7'(0,997Y!%::%/0.!96!
<97-!8)..!#67%J!)67!:)0!8)..!#67%J!)0!)&%!HQÄ;!P.(*8.++84V3)'(,&@!"X!2P5;!^^XFPP=!

$'.,;!C[;!%0!)(=!2^QQW5;!Ä@Na;!:)0!)67!8'./(%!7#::%*%6/%.!#6!'*<)6!D98%6!9:!:#1%!%0,6#/#0#%.!
:*98!0D9!/9'60*#%.Ä;!Q;,)%;/,(+;/*4U+1%;/*4+E4+3)'(,&@!P"!2E5;!"^P^FPV=!

?)609.;!$'0%;!%0!)(=!2^Q"Q5;!Ä?#00#6&!0#8%!)67!<97-!8)..!#67%J;!#6!)!39*0'&'%.%!.)8+(%!9:!8%6Y!
*%.'(0.!:*98!0,%!4b9*%)6!3,-.#/)(!4/0#1#0-!)67!j%)(0,!?0'7-!2434j?5Ä;!Q;,)%;/,(+;/*4
U+1%;/*4+E4);H(%+;2);,/*4%)')/%-.4/;84!13*(-4.)/*,.@!W!2G5;!"HQQFQW=!

?)'67%*.;!>*)1#.!d;!%0!)(=!2^Q"E5;!Ä>,%!)/'0%!8%0)<9(#/!)67!1)./'()*!#8+)/0!9:!#60%**'+0#6&!
+*9(96&%7!.#00#6&Y!)!.-.0%8)0#/!*%1#%D!)67!8%0)F)6)(-.#.Ä;!G!+%,'4?)8(-(;)@!GE!2"Q5;!
^PGWFXX=!

?/,%%*;!K*)6M!4dU;!%0!)(=!2^QQV5;!Ä471%*.%!8%0)<9(#/!)67!/)*7#91)./'()*!/96.%_'%6/%.!9:!
/#*/)7#)6!8#.)(#&68%60Ä;!<%+-))8(;A'4+E4,.)4L/,(+;/*4=-/8)2&4+E4G-();-)'@!"QX!2""5;!
GGHPFHE=!

?/,8#7;!T)6#%();!d9/,%8;![)*8%6;!)67!U%#0b8)66;!N#/,)%(!K!2^Q"E5;!ÄU#8#0)0#96.!#6!
?%7%60)*-!@%,)1#9'*!$%.%)*/,!)67!K'0'*%!$%.%)*/,!A%%7.Ä;!G)8);,/%&47)./H(+1%4
$!(8)2(+*+A&!2?+*#6&%*5;!X^VFPE=!

?/,'<%*0;!N)00,%D!N;!%0!)(=!2^Q"G5;!Ä4/'0%!%J%*/#.%!)67!,9*896%.!*%()0%7!09!)++%0#0%!
*%&'()0#96Y!)!8%0)F)6)(-.#.Ä;!G!+%,'4?)8(-(;)@!GG!2P5;!PEWFGQP=!

?%<0#;!h).8#6%;!%0!)(=!2^Q^^5;!Ä>,%![#*/)7#)6![(9/M!)67!R<%.#0-Ä;!2?+*#6&%*5=!
?,),)*;!$9-!>b%8),;!%0!)(=!2^Q^Q5;!Ä400*#<'0%.!9:!3,-.#/)(!4/0#1#0-!)67!i'0!N#/*9<#98%!#6!

47'(0.Y!4!?-.0%8)0#/!$%1#%DÄ;!Q;,)%;/,(+;/*4U+1%;/*4+E4'!+%,'42)8(-(;)=!
?,)#M,;!$)%%.!4;!%0!)(=!2^Q"H5;!Ä?9/#9%/9698#/!.0)0'.;!.89M#6&;!)(/9,9(!'.%;!+,-.#/)(!

)/0#1#0-;!)67!7#%0)*-!<%,)1#9*!).!7%0%*8#6)60.!9:!9<%.#0-!)67!<97-!8)..!#67%J!#6!0,%!
k6#0%7!?0)0%.Y!:#67#6&.!:*98!0,%!A)0#96)(!j%)(0,!a60%*1#%D!?'*1%-Ä;!Q;,)%;/,(+;/*4
X+1%;/*4+E4?PY4/;84=QIG@!G!2"5;!^^=!

?,)*)*);!C8)6;!%0!)(=!2^Q"E5;!Ä3,-.#/)(!#6)/0#1#0-;!&%67%*!)67!/'(0'*%!#6!4*)<!/9'60*#%.Y!)!
.-.0%8)0#/!)..%..8%60!9:!0,%!(#0%*)0'*%Ä;!7?P4!13*(-4.)/*,.@!"E!2"5;!XPV=!



! EX!

?,)*8);!N'.M)6;!e).)6;!4*'6#8);!)67!?,)*8);!$)M%.,!c'8)*!2^Q^"5;!Ä$%/%60!
7%1%(9+8%60.!#6!+*9<#90#/.Y!46!%8+,).#.!96!@#:#79<)/0%*#'8Ä;!5++847(+'-();-)@!G";!
"QQVVP=!

?,%+,%*7;!3%0%*!$!)67!c),6;!@)*<)*)!@!2"VVV5;!Äi('/9.%!0*)6.+9*0%*.!)67!#6.'(#6!)/0#96é
#8+(#/)0#96.!:9*!#6.'(#6!*%.#.0)6/%!)67!7#)<%0%.!8%((#0'.Ä;!L)B4$;A*/;84X+1%;/*4+E4
?)8(-(;)@!PG"!2G5;!^GEFHW=!

?#;!d#-%96;!%0!)(=!2^Q^^5;!Ä$%1#.#0#6&!0,%!*9(%!9:!4MM%*8)6.#)!8'/#6#+,#()!).!)!0,%*)+%'0#/!
<)/0%*#'8Ä;!k1,4?(-%+3)'@!"G!2"5;!^QWEX"V=!

?#77#_'%;!d'6%7;!%0!)(=!2^Q"W5;!Ä>,%!%::%/0!9:!/,)6&%.!#6!+,-.#/)(!)/0#1#0-!96!.%7%60)*-!
<%,)1#9*Y!*%.'(0.!:*98!)!*)6798#b%7!(#:%.0-(%!#60%*1%60#96!0*#)(Ä;!=2)%(-/;4X+1%;/*4+E4
Y)/*,.4<%+2+,(+;@!P"!2G5;!^EWFVH=!

?#6&,;!$).6#M!c;!%0!)(=!2^Q"W5;!Äa6:('%6/%!9:!7#%0!96!0,%!&'0!8#/*9<#98%!)67!#8+(#/)0#96.!:9*!
,'8)6!,%)(0,Ä;!X+1%;/*4+E4,%/;'*/,(+;/*42)8(-(;)@!"H!2"5;!WP=!

?+#00)%(.;!j%(%%6;!%0!)(=!2^Q"^5;!ÄR<f%/0#1%(-!8%).'*%7!.%7%60)*-!0#8%!)67!+,-.#/)(!)/0#1#0-!
0#8%!)/*9..!0,%!(#:%.+)6Y!)!/*9..F.%/0#96)(!.0'7-!#6!:9'*!)&%!&*9'+.Ä;!Q;,)%;/,(+;/*4
X+1%;/*4+E47)./H(+%/*4L1,%(,(+;4/;84<.&'(-/*4=-,(H(,&@!V!2"5;!"F"^=!

?+9*0!A%D!B%)()67!Ä3'.,!3()-;!&%0!)/0#1%!490%)*9)Ä;!Ü,00+.YZZ.+9*06b=9*&=6bZ+'.,+()-Z+'.,F
+()-F)90%)*9)Z\;!)//%..%7!Q"ZQWZ^Q^^=!

?0FR6&%;!N)*#%F3#%**%!2^QQH5;!Ä$%()0#96.,#+!<%0D%%6!<97-!/98+9.#0#96!/,)6&%.!)67!/,)6&%.!
#6!+,-.#/)(!:'6/0#96!)67!8%0)<9(#/!*#.M!:)/09*.!#6!)&#6&Ä;!P1%%);,4V!(;(+;4(;4P*(;(-/*4
L1,%(,(+;4T4?),/3+*(-4P/%)@!E!2H5;!H^PF^E=!

?0)0.!A%D!B%)()67!2^Q^^5;!Ä3)/#:#/!3%9+(%.Ä;!VH)%H()B!2'+7)0%7!^HZQHZ^Q"H5!
Ü,00+YZZ)*#)=.0)0.=&910=6bZ)*#)Z{~&)`^="Q"H^V"HP="PVEGHHQQ^="XHW"XGHWHF
"HV^VWPXGG="XHW"XGHWH�[96/%+0S#%DY'*#`,00+YZZ.0)0.=&910=6bZ/8.Z[96/%+0Z[4$?H
Q^X\;!)//%..%7!^^67!d'(-=!

?'(#&);!C7-0);!%0!)(=!2^Q"H5;!Ä4..9/#)0#96!<%0D%%6!7#%0)*-!+)00%*6.!)67!8%0)<9(#/!.-67*98%!#6!
#67#1#7')(.!D#0,!69*8)(!D%#&,0Y!)!/*9..F.%/0#96)(!.0'7-Ä;!L1,%(,(+;4U+1%;/*@!"G!2"5;!HH=!

?'((#1)6;!c%((-!2^Q"X5;!Ä?(%%+!T%:#/#%6/-!a.!4..9/#)0%7!D#0,!U)/M!9:!CJ%*/#.%!)67!j#&,%*!
@Na!)896&![988'6#0-FTD%((#6&!R(7%*!47'(0.!2aV=!QQG5Ä;!L)1%+*+A&@!EX!2"X!
?'++(%8%605;!aV=!QQG=!

?D#6<'*6;!@9-7!4;!%0!)(=!2^Q""5;!Ä>,%!&(9<)(!9<%.#0-!+)67%8#/Y!.,)+%7!<-!&(9<)(!7*#1%*.!)67!
(9/)(!%61#*968%60.Ä;!N.)4W/;-),@!PWE!2VWVP5;!EQGF"G=!

?D#67%((;!A#(.;!%0!)(=!2^Q"E5;!ÄR<f%/0#1%(-!8%).'*%7!+,-.#/)(!)/0#1#0-!)67!.%7%60)*-!0#8%!)*%!
)..9/#)0%7!D#0,!/)*7#98%0)<9(#/!*#.M!:)/09*.!#6!)7'(0.!D#0,!+*%7#)<%0%.Y!0,%!3$CSaCe!
.0'7-Ä;!I(/3),)'4-/%)@!G"!2P5;!HX^FXV=!

>)669/M;!i%*)(7!e!2^Q"W5;!S;8)%',/;8(;A4,.)4A1,42(-%+3(+,/!2d9,6!e#(%-!v!?96.5=!
>,)#..;![,*#.09+,!4;!%0!)(=!2^Q"G5;!Ä>*)6.M#6&798!/960*9(!9:!8#/*9<#90)!7#'*6)(!9./#(()0#96.!

+*9890%.!8%0)<9(#/!,98%9.0).#.Ä;!P)**@!"HV!2P5;!H"GF^V=!
>,%!i@T!^Q"H!R<%.#0-![9(()<9*)09*.!2^Q"W5;!Äj%)(0,!C::%/0.!9:!R1%*D%#&,0!)67!R<%.#0-!#6!

"VH![9'60*#%.!91%*!^H!h%)*.Ä;!N.)4L)B4$;A*/;84X+1%;/*4+E4?)8(-(;)=!
>*%)7D)-;!d'7#0,!U!;!%0!)(=!2"VEV5;!ÄC::%/0!9:!%J%*/#.%!96!#6.'(#6!*%/%+09*!<#67#6&!)67!M#6).%!

)/0#1#0-!#6!.M%(%0)(!8'./(%Ä;!=2)%(-/;4X+1%;/*4+E4<.&'(+*+A&Z$;8+-%(;+*+A&4=;84
?),/3+*('2@!^HX!2"5;!C"PEFCGG=!

>*%8<()-;!N)*M!?;!%0!)(=!2^Q"W5;!Ä?%7%60)*-!<%,)1#9*!*%.%)*/,!6%0D9*M!2?@$A5n0%*8#69(9&-!
/96.%6.'.!+*9f%/0!+*9/%..!)67!9'0/98%Ä;!Q;,)%;/,(+;/*4X+1%;/*4+E47)./H(+%/*4
L1,%(,(+;4/;84<.&'(-/*4=-,(H(,&@!"G!2"5;!WH=!

>*9#)69;!$#/,)*7!3;!%0!)(=!2^Q"G5;!ÄC19('0#96!9:!)//%(%*98%0%*!8%0,97.!:9*!+,-.#/)(!)/0#1#0-!
*%.%)*/,Ä;!7%(,('.4U+1%;/*4+E4'!+%,'42)8(-(;)@!GE!2"P5;!"Q"VF^P=!

>*9#)69;!$#/,)*7!3;!%0!)(=!2^QQE5;!Ä3,-.#/)(!)/0#1#0-!#6!0,%!k6#0%7!?0)0%.!8%).'*%7!<-!
)//%(%*98%0%*Ä;!?)8(-(;)4T4G-();-)4(;4G!+%,'4T4$R)%-(')@!GQ!2"5;!"E"FEE=!



! EW!

>*9.0;!?0%D)*0!i;!N/#1%*;!c%**-!U;!)67!3)0%;!$'..%((!$!2^QQH5;!Ä[967'/0#6&!)//%(%*98%0%*F
<).%7!)/0#1#0-!)..%..8%60.!#6!:#%(7F<).%7!*%.%)*/,Ä;!?)8(-(;)4T4G-();-)4(;4G!+%,'4T4
$R)%-(')@!PW!2""5;!?HP"F?GP=!

>'79*FU9/M%;![)0*#6%;![)8,#;!?)*),!N;!)67!>*9#)69;!$#/,)*7!3!2^Q"^5;!Ä3%%*!*%1#%D%7Y!)!
/)0)(9&!9:!*'(%.;!1)*#)<(%.;!)67!7%:#6#0#96.!)++(#%7!09!)//%(%*98%0%*!7)0)!#6!0,%!
A)0#96)(!j%)(0,!)67!A'0*#0#96!CJ)8#6)0#96!?'*1%-;!^QQPn^QQXÄ;!<%)H);,(;A4-.%+;(-4
8(')/')@!V=!

>'*6<)'&,;!3%0%*!d;!%0!)(=!2^QQX5;!Ä46!9<%.#0-F)..9/#)0%7!&'0!8#/*9<#98%!D#0,!#6/*%).%7!
/)+)/#0-!:9*!%6%*&-!,)*1%.0Ä;!L/,1%)@!GGG!2W"^^5;!"Q^WF"P"=!

>'*6<)'&,;!3%0%*!d;!%0!)(=!2^QQV5;!Ä4!/9*%!&'0!8#/*9<#98%!#6!9<%.%!)67!(%)6!0D#6.Ä;!L/,1%)@!
GHW!2W^^E5;!GEQFEG=!

k=?=!T%+)*08%60!9:!j%)(0,!)67!j'8)6!?%*1#/%.!2^Q"E5;!Ä3,-.#/)(!4/0#1#0-!i'#7%(#6%.!:9*!
48%*#/)6.;!^67!%7#0#96Ä;!#6!T%+)*08%60!9:!j%)(0,!)67!j'8)6!?%*1#/%.!2%7=5;!2^I!
e).,#6&096;!T[5=!

k((*#/,;!460f%;!%0!)(=!2^Q^"5;!ÄN%).'*%8%60!*%)/0#1#0-!9:!)//%(%*98%0%*F<).%7!.%7%60)*-!
<%,)1#9*!)67!+,-.#/)(!)/0#1#0-!#6!^!)..%..8%60!+%*#97.Ä;!X+1%;/*4+E4<.&'(-/*4=-,(H(,&4
/;84Y)/*,.@!"E!2^5;!"EHFV"=!

S)6!T98%(%6;!T)6%!$;!c9.0%*;!466%8)*#%;!)67!j)**#.;!>)8)*)!@!2^Q""5;!Ä4//%(%*98%0%*!
696D%)*!)(&9*#0,8.Y!9+0#8#b#6&!+)*)8%0%*.!:9*!<90,!D%)*!.0)0%.Ä;!?)8(-(;)4/;84
'-();-)4(;4'!+%,'4/;84)R)%-(')@!GP!2H5;!VP^I!)'0,9*!*%+(-!PP=!

S)67%6<*9%/M;!3,#(#++%;!i99..%6.;!d9;!)67![(%8%6.;!N)*.,)((!2^QQW5;!ÄK9*%.#&,0Y!0)/M(#6&!
9<%.#0#%.Y!:'0'*%!/,9#/%.F<'#(7#6&!0,%!9<%.#0-!.-.0%8!8)+Ä=!

S##*;!$)&6)*!)67!S%*)M.#0á;!4()*!2^Q"^5;!ÄT#./'..#96!9:!oU%00%*!09!0,%!C7#09*Y!?0)67)*7#b%7!
'.%!9:!0,%!0%*8.!.%7%60)*-!)67!.%7%60)*-!<%,)1#9'*.pé?#00#6&!)67!*%/(#6#6&!)*%!
7#::%*%60!.0)0%.Ä;!=!!*()84<.&'(+*+A&@4L1,%(,(+;@4/;84?),/3+*('2@!PW!2X5;!"^HXFHX=!

S#..%*;!N)*f9(%#6;!%0!)(=!2"VVH5;!Ä$%.0#6&!8%0)<9(#/!*)0%!)67!7#%0F#67'/%7!0,%*89&%6%.#.!#6!
-9'6&!)67!%(7%*(-!.'<f%/0.Y!*%()0#96.,#+!D#0,!<97-!/98+9.#0#96;!:)0!7#.0*#<'0#96;!)67!
+,-.#/)(!)/0#1#0-!(%1%(Ä;!N.)4=2)%(-/;4U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!X"!2G5;!WW^FWE=!

196!j'*.0;!3)8%()!$;!%0!)(=!2^Q"X5;!ÄS)(#7#0-!)67!*%(#)<#(#0-!9:!<#9%(%/0*#/)(!#8+%7)6/%!
)6)(-.#.!09!%.0#8)0%!<97-!:)0!+%*/%60)&%!)&)#6.0!)#*!7#.+()/%8%60!+(%0,-.89&*)+,-!
)67!7')(y%6%*&-!ly*)-!)<.9*+0#98%0*-Ä;!L1,%(,(+;4T4I(),),(-'@!WP!2^5;!"VWF^QG=!

e)6&;!d)/M;!%0!)(=!2^QQP5;!Ä[98+)*#.96.!9:!D)#.0!/#*/'8:%*%6/%.!8%).'*%7!)0!G!.#0%.Ä;!N.)4
=2)%(-/;4U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!WW!2^5;!PWVFEG=!

e)*<'*096;!T)**%6!C$;!A#/9(;![*-.0)(!e,#06%-;!)67!@*%7#6;!?,)6696!?T!2^QQX5;!Äj%)(0,!
<%6%:#0.!9:!+,-.#/)(!)/0#1#0-Y!0,%!%1#7%6/%Ä;!P2/U@!"WG!2X5;!EQ"FQV=!

e).,<'*6;!$#/,)*7!4;!%0!)(=!2"VVV5;!Ä>,%!+,-.#/)(!)/0#1#0-!./)(%!:9*!0,%!%(7%*(-!234?C5Y!
%1#7%6/%!:9*!1)(#7#0-Ä;!X+1%;/*4+E4-*(;(-/*4)!(8)2(+*+A&@!H^!2W5;!XGPFH"=!

e%6;!U#!)67!T'::-;!467*%D!2^Q"W5;!ÄK)/09*.!#6:('%6/#6&!0,%!&'0!8#/*9<#90);!#6:()88)0#96;!
)67!0-+%!^!7#)<%0%.Ä;!N.)4X+1%;/*4+E4;1,%(,(+;@!"GW!2W5;!"GXE?FWH?=!

e%.0%*0%*+;!c()).!$!2^Q"W5;!ÄT9'<(-!()<%((%7!D)0%*!)..%..8%60!9:!%6%*&-!%J+%67#0'*%Y!
+*#6/#+(%;!+*)/0#/%;!)67!+*98#.%Ä;!$1%+!)/;4U+1%;/*4+E4/!!*()84!.&'(+*+A&@!""W!2W5;!
"^WWFEH=!

e#((%00;!e)(0%*!2^Q"^5;!L1,%(,(+;/*4)!(8)2(+*+A&!2RJ:9*7!'6#1%*.#0-!+*%..5=!
e#((%00;!e)(0%*;!%0!)(=!2^Q"V5;!ÄK997!#6!0,%!460,*9+9/%6%Y!0,%!C4>nU)6/%0![988#..#96!96!

,%)(0,-!7#%0.!:*98!.'.0)#6)<(%!:997!.-.0%8.Ä;!N.)4W/;-),@!PVP!2"Q"WQ5;!GGWFV^=!
e#((#)8.;!d)6%!C;!%0!)(=!2^QQX5;!ÄC1)(')0#96!9:!U'6)*!3*97#&-!7')(F%6%*&-!lF*)-!

)<.9*+0#98%0*-!:9*!)..%..#6&!<97-!/98+9.#0#96!#6!,%)(0,-!+%*.96.!)67!+)0#%60.!<-!
/98+)*#.96!D#0,!0,%!/*#0%*#96!GF/98+96%60!897%(Ä;!N.)4=2)%(-/;4U+1%;/*4+E4-*(;(-/*4
;1,%(,(+;@!EP!2H5;!"QGWFHG=!



! EE!

e9f0).b%D.M#;!ds*&%6!K3;!%0!)(=!2"VVV5;!ÄCJ%*/#.%!897'()0%.!+9.0*%/%+09*!#6.'(#6!.#&6)(#6&!
)67!&('/9.%!0*)6.+9*0!#6!8'./(%F.+%/#:#/!#6.'(#6!*%/%+09*!M69/M9'0!8#/%Ä;!N.)4X+1%;/*4
+E4-*(;(-/*4(;H)',(A/,(+;@!"QG!2V5;!"^HWFXG=!

e9(::Fj'&,%.;!T)6)!U;!%0!)(=!2^Q"H5;!Ä>90)(!)/0#1#0-!/9'60.!)67!<9'0%7!8#6'0%.!9:!897%*)0%F
09F1#&9*9'.!+,-.#/)(!)/0#1#0-Y!*%()0#96.,#+.!D#0,!/)*7#98%0)<9(#/!<#98)*M%*.!'.#6&!
^QQPn^QQX!Aj4AC?Ä;!X+1%;/*4+E4<.&'(-/*4=-,(H(,&4/;84Y)/*,.@!"^!2H5;!XVGFWQQ=!

e96&;!N)*0#6![?;!%0!)(=!2^Q^Q5;!Äi(9<)(;!*%&#96)(!)67!0#8%F0*%67!+*%1)(%6/%!9:!/%60*)(!
9<%.#0-Y!)!.-.0%8)0#/!*%1#%D!)67!8%0)F)6)(-.#.!9:!"P=^!8#((#96!.'<f%/0.Ä;!$1%+!)/;4
U+1%;/*4+E4)!(8)2(+*+A&@!PH;!XWPFEP=!

e9*(7!j%)(0,!R*&)6#.)0#96!2^QQE5;!Äe)#.0![#*/'8:%*%6/%!)67!e)#.0Fj#+!$)0#9!$%+9*0!9:!)!
ejR!CJ+%*0![96.'(0)0#96Ä=!

2^Q"W5;!ÄT9'<(%!<'*7%6!9:!8)(6'0*#0#96Ä;!L1,%(,(+;!wK)/0!.,%%0x;!
Ü,00+YZZDDD=D,9=#60Z6'0*#0#96Z79'<(%F<'*7%6F8)(6'0*#0#96Z%6Z\;!)//%..%7!"Q=QG=^Q"W=!

e9*(7!j%)(0,!R*&)6#.)0#96!2^Q"W5;!Ä3,-.#/)(!4/0#1#0-Ä;!k*+3/*4G,%/,)A&4+;4I(),@4<.&'(-/*4
=-,(H(,&4/;84Y)/*,.!Ü,00+YZZDDD=D,9=#60Z7#%0+,-.#/)()/0#1#0-Z+)Z%6Z\;!)//%..%7=!

e9*(7!j%)(0,!R*&)6#.)0#96!2^Q^Q)5;!ÄejR!i'#7%(#6%.!96!+,-.#/)(!)/0#1#0-!)67!.%7%60)*-!
<%,)1#9'*!:9*!/,#(7*%6!)67!)79(%./%60.;!)7'(0.!)67!9(7%*!)7'(0.Ä;!:+%*84Y)/*,.4
V%A/;('/,(+;=!

e9*(7!j%)(0,!R*&)6#.)0#96!2^Q^Q<5;!Äj%)(0,-!7#%0Ä=!
e9*(7!j%)(0,!R*&)6#.)0#96!ÄR<%.#0-!)67!91%*D%#&,0Ä;!wK)/0!.,%%0x;!2'+7)0%7!QV=QX=^Q^"5!

Ü,00+.YZZDDD=D,9=#60Z6%D.F*998Z:)/0F.,%%0.Z7%0)#(Z9<%.#0-F)67F91%*D%#&,0\;!
)//%..%7!"H=QH=^Q^P=!

e9*(7!j%)(0,!R*&)6#.)0#96!2^Q^^5;!Ä3,-.#/)(!)/0#1#0-Ä;!wK)/0!.,%%0x;!2'+7)0%7!H0,!R/09<%*!
^Q^^5!Ü,00+.YZZDDD=D,9=#60Z6%D.F*998Z:)/0F.,%%0.Z7%0)#(Z+,-.#/)(F)/0#1#0-\;!
)//%..%7!^Q0,!R/09<%*=!

l#)9;!h)6&;!%0!)(=!2^Q^Q5;!Ä[,*96#/!.0*%..;!%+#&%6%0#/.;!)67!)7#+9.%!0#..'%!8%0)<9(#.8!#6!0,%!
9<%.%!.0)0%Ä;!L1,%(,(+;4T4?),/3+*('2@!"W!2"5;!"F"X=!

h)6&;!m#;!%0!)(=!2^Q^Q5;!Ä$9(%!9:!7#%0)*-!6'0*#%60.!#6!0,%!897'()0#96!9:!&'0!8#/*9<#90)Y!4!
6)**)0#1%!*%1#%DÄ;!L1,%();,'@!"^!2^5;!PE"=!

h)6&;!>#::)6-![;!%0!)(=!2^Q"W5;!ÄU96&#0'7#6)(!.0'7-!9:!D%#&,0;!%6%*&-!#60)M%!)67!+,-.#/)(!
)/0#1#0-!/,)6&%!)/*9..!0D9!7%/)7%.!#6!9(7%*!?/900#.,!D98%6Ä;!X4$!(8)2(+*4P+221;(,&4
Y)/*,.@!W"!2H5;!GVVFHQG=!

B)#6;!N'*#b),!N!)67!A9*8)6;!$9<%*0!d!2^QQE5;!Äa8+)/0!9:!9<%.#0-!96!:%8)(%!:%*0#(#0-!)67!
:%*0#(#0-!0*%)08%60Ä;!:+2);K'4.)/*,.@!G!2^5;!"EPFVG=!

B,)6&;!m#!)67!e)6&;!h9':)!2^QQG5;!Ä?9/#9%/9698#/!#6%_')(#0-!9:!9<%.#0-!#6!0,%!k6#0%7!
?0)0%.Y!79!&%67%*;!)&%;!)67!%0,6#/#0-!8)00%*{Ä;!G+-(/*4'-();-)4T42)8(-(;)@!HE!2X5;!
""W"FEQ=!

!
!



! EV!

69&:$.%(@<!A.$9+/+-+0B(
!
:"!! 9&$4=-4/%'G,--

>,#.!3,T!*%.%)*/,!#.!+)*0!9:!0,%!j$[!:'67%7!3$%7#/09*.!(#6M#6&!R<%.#0-!)67!&'0!

Na/*9<#98C!23$RNa?C5!.0'7-;!/967'/0%7!#6!4'/M()67!A%D!B%)()67!2AB5!<%0D%%6!d'(-!

^Q"X!)67!?%+0%8<%*!^Q"W!2>)<(%!P="5=!>,%!3$RNa?C!.0'7-!#.!)!/*9..F.%/0#96)(!.0'7-!D,#/,!

)#8%7!09!/,)*)/0%*#.%!0,%!&'0!8#/*9<#90)!)67!8%0)<9(#/!+*9:#(%!#6!0D9!+9+'()0#96.!D#0,!

7#::%*%60!8%0)<9(#/!7#.%).%!*#.M;!3)/#:#/!D98%6!2D,9!,)1%!)!,#&,!*#.M!9:!9<%.#0-5!)67!

C'*9+%)6!D98%6!!2D,9!,)1%!)!897%*)0%!*#.M!9:!9<%.#0-5!2N#6#.0*-!9:!j%)(0,!A%D!B%)()67;!

^Q^"5;!)67!7#::%*%60!<97-!:)0!+*9:#(%.!269*8)(!)67!9<%.%5=!!Comparisons between Pacific and 

NZ European (NZE) women, who are known to vary the most in terms of physical, ethnic-

cultural, and socioeconomic characteristics in NZ, were carried out to assess whether findings 

are different between groups. The PROMISE study involved the assessment of diet, taste 

perception, sleep, PA and SB and investigated the interactions between the gut microbiota 

and its impact on obesity, metabolic markers, and endocrine regulators. >,%!"-.!9:!0,#.!0,%.#.!

*%.%)*/,!D).!0,%*%:9*%!09!7%./*#<%!0,%!34!)67!?@;!)67!09!%J+(9*%!0,%!)..9/#)0#96.!9:!34!)67!

?@!D#0,!<97-!/98+9.#0#96;!7#%0)*-!#60)M%;!<#98)*M%*.!9:!8%0)<9(#/!,%)(0,;!)67!&'0!

8#/*9<#90)!/98+9.#0#96!#6!0,%.%!D98%6=!Therefore the current study only focused on the 

assessment of diet, PA and SB and their association with obesity, metabolic markers, and 

endocrine regulators. And lastly investigated the interactions between the gut microbiota and 

PA to determine if PA is a confounder in the relationship between  the gut microbiota, 
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Measurement Methods Reference Equipment Outcomes 

Body composition 
profile 

Anthropometric 
measurements  

(Ling et al., 2011) Stadiometer, anthropometric tape measure (Lufkin W600PM), 
electronic scales (Sauter platform scale E1200, GmbH, Germany) 

Linear body measurements – height, 
weight, waist and  hip circumference, BMI 
(kg/m2) 

Body composition 
distribution 

Dual XRay 
Absorptiometry 
(DXA) 

(Boneva!Asiova and 
Boyanov, 2008) 

Dual XRay Absorptiometry (DXA) (Hologic 
QDR Discovery A, Hologic Inc, Bedford, MA. 
with APEX V. 3.2 software 

Body composition  
Total and regional fat mass 
 

Metabolic heath  
biomarkers 

  Blood sampling to capture biomarkers (e.g. plasma glucose, insulin, 
HbA1c, lipids), inflammation markers (e.g. hs-CRP, IL-6, TNF!), 
endocrine regulators (e.g. GLP-1, ghrelin, leptin)  

Biomarkers related to metabolic health 
(lipid profile, glucose control, 
inflammation, hormonal control) 

Blood pressure and 
heart rate 

Digital blood pressure 
monitor 

(Ogedegbe and 
Pickering, 2010) 

Omron HEM-907, Omron Healthcare Inc, using one of two arm cuff 
sizes (22-32cm or 32-48cm) 

Blood pressure related to metabolic health 

Dietary intake 5 day estimated food 
record 

(Kruger et al., 2015) Analysis using Foodworks9 2016 (Xyris Software, Australia) 
and Foodworks 10 2020 (Xyris Software, Australia) 

Energy intake, macro- and micro-nutrient 
intake,  

Physical Activity and 
sedentary behaviour  

Accelerometer (Pescatello) WGT3X Actigraph Objective movement behaviour 
- sedentary behaviours 
- levels of physical activity (light, MVPA) 
- Total physical activity (cpm) 

 
 

Sleep behaviour Accelerometer (Micro Motionlogger®) Acti-Watch Objective sleep onset and wake times 

 Pittsburgh sleep 
quality index 
 

(Buysse et al., 1989, 
Roenneberg et al., 2007) 
(Sharma et al., 2006) 

Hosted online via Survey Monkey Global measure of sleep quality 
 

 Sleep diary  Paper based, entered into Excel Self-reported sleep onset and wake 
 

Gut microbiota DNA extraction & 
sequencing 
 
 
 

(Leimena et al., 2013) 
 
 

Illumina HiSeq 2500 instrument using Nextera using library 
preparation(NZ Genomics Ltd) 

Relative abundance of bacterial species 
and !-diversity 
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Characteristic Pacific 
 

NZ European 

 <35% body fat 
Mean (SD) 

!35% body fat 
Mean (SD) 

<35% body 
fat 
Mean (SD) 

!35% body fat 
Mean (SD) 

N (%) 61 (22) 55 (20) 85 (31) 74 (27) 
BMI (kg·m-2) 25.9 (3.9)†ˆ 35.6 (6.1) 22.5 (2.1)† 33.7 (3.8) 
Age (years) 25 (7)ˆ 26 (6)ˆ 30 (7)† 33 (7) 
Socioeconomic     
NZDep2013 7 (3)ˆ 8 (2)ˆ 4 (2) 5 (2) 
Anthropometry      
Weight (kg) 73.7 (11.8)†ˆ 99.7 (18.3) 60.1 (7.6)† 94.4 (13.3)  
Height (cm) 169 (6.57)  167 (7.32)  167 (5.61)  167 (7.05)  
Waist circumference (cm) 79.6 (8.01)†ˆ 98.5 (13.30)  73.2 (5.75)† 98.0 (9.92) 
Hip circumference (cm) 105 (7.06)†ˆ 121.4 (10.84) 98.0 (6.75)† 120.4 (8.75) 
Systolic blood pressure 111 (9.3)† 119 (11.4) 113 (10.6)† 120 (13.7) 
Heart rate (beats/minute) 69.4 (11.2)  70.5 (11.1)  67.1 (11.4) 74.3 (12.0) 
Total body fat (kg) 22.4 (4.99)†ˆ 39.6 (9.80)  17.8 (4.29)† 39.0 (7.68)  
Total body fat (%) 30.1 (3.07) †ˆ 39.5 (3.46)  27.8 (4.46)† 41.2 (3.78) 
Total lean mass (kg) 51.6 (7.42)†ˆ 59.8 (9.18)ˆ 45.8 (5.26)† 55.3 (7.15) 
Android fat mass (kg) 4.70 (1.02) †ˆ 7.30 (1.89) 4.10 (0.74)† 7.22 (1.35) 
Android fat mass (%) 29.3 (5.09)†ˆ 41.5 (4.82) 24.8 (5.18)† 41.5 (4.90) 
Gynoid fat mass (kg) 12.7 (2.09)†ˆ 16.9 (2.93) 11.0 (1.63)† 16.2 (2.55) 
Gynoid fat mass (%) 35.1 (3.39)† 41.0 (3.49) 33.3 (4.20)† 42.5 (4.19) 
Visceral fat (%) 27.1 (5.52)†ˆ 39.6 (5.03) 22.2 (5.91)† 39.7 (5.15) 
Accelerometery     
Valid days (n) 6 (1) 6 (1) 6 (0) 6 (0) 
Participants with only 4 valid days 
(n) 

1 2 2 1 

Waking wear time (hr.day-1) 15.6 (1.2) 15.6 (1.3) 15.2 (1.0) 15.2 (1.1) 
Minimum waking wear time 
(hr.day-1) 

13.0 12.2 13.2 12.9 

Light PA (min·day-1) 314 (76.9)  342 (97.7)  328 (79.4)  321 (85.7)  
Sedentary behaviour (min·day-1) 596 (85.0)ˆ 575 (98.9)  546 (75.3)  560 (91.5)  
MVPA (min·day-1) 26.3 (15.6)ˆ 19.1 (15.2)ˆ 39.1 (18.4)† 30.52 (19.1) 

Moderate PA (min·day-1) 21.5 (13.6)ˆ 18.2 (14.1)ˆ 34.6 (15.3) 29.3 (18.8) 
Vigorous PA (min·day-1) 1.9 (5.2)ˆ 0.8 (1.7) 4.9 (6.1)† 1.2 (3.0) 
Sleep duration (min·day-1) 456 (64.5) 431 (62.7)ˆ 477 (49.4) 461 (46.5) 
Total daily PA (cpm) 598 (168)ˆ 607 (185) 731 (179) 674 (210) 
Carbohydrate metabolism     
Glucose (mmol/L) 5.31 (0.48)ˆ 5.47 (0.51)  5.12 (0.31)† 5.52 (0.46) 
HbA1c (mmol/mol) 32.2 (1.99)†ˆ 34.1 (2.97)ˆ 30.4 (2.19)† 31.6 (2.81) 
HOMA-IR 21.6 (20.1)†ˆ 39.4 (38.0)ˆ  10.2(4.5)† 22.4 (13.3) 
Lipid profile     
Chol (mmol/L) 4.60 (0.72) 4.74 (0.78)ˆ 4.92 (0.86)† 5.40 (1.18) 
HDL (mmol/L) 1.58 (0.32)†ˆ 1.40 (0.32) 1.84 (0.37)† 1.50 (0.32)  
LDL (mmol/L) 2.83 (0.66)  2.99 (0.73)ˆ 2.89 (0.83)† 3.53 (1.16)  



! "^^!

Characteristic Pacific 
 

NZ European 

 <35% body fat 
Mean (SD) 

!35% body fat 
Mean (SD) 

<35% body 
fat 
Mean (SD) 

!35% body fat 
Mean (SD) 

NEFA (mmol/L) 0.66 (0.32)  0.81 (0.35)  0.67 (0.32)  0.77 (0.38)  
Trig (mmol/L) 0.89 (0.34)† 1.25 (0.64)  0.78 (0.28)† 1.20 (0.51)  
Endocrine regulators     
Leptin (pg/ml) 
 

9471 (6605)† 23284 (10922) 6037 (4166)† 26852 (13327) 
Insulin (pmol/ml)# 73.0 (1.76) †ˆ 122.8 (1.94)ˆ  40.7 (1.51)† 79.8 (1.62) 
Inflammation marker     
CRP (mg/L)# 0.49 (2.56)  1.19 (2.72)ˆ 0.74 (2.81)  2.62 (2.52)  
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Body region Pacific 
n= 114 

NZ European 
n= 158 

All participants ! 
n= 272 

 Total daily PA, 
Difference (95% 
CI) per 100 units 
increase 

MVPA,  
Difference (95% CI) 
per 10 units increase 

Total daily PA, 
Difference (95% 
CI) per 100 units 
increase 

MVPA,  
Difference (95% CI) 
per 10 units increase 

Total daily PA, 
Difference (95% 
CI) per 100 units 
increase 

MVPA,  
Difference (95% CI) 
per 10 units increase 

Trunk fat % -0.5 (-1.2, 0.3) -0.95 (-1.80, -0.10)* -0.8 (-1.5, -0.1)* -0.91 (-1.63, -0.19)* -0.7 (-1.2, -0.2)* -0.95 (-1.49, -0.40)** 
Android fat % -0.5 (-0.4, 0.3) -0.90 (-1.84, 0.05) -0.8 (-1.6, 0.0)* -0.94 (-1.72, -0.16)* -0.7 (-1.2, -0.1)* -0.95 (-1.54, -0.36)** 
Gynoid fat % -0.4 (-0.9, 0.1) -0.65 (-1.20, -0.10)* -0.7 (-1.2, -0.2)** -0.65 (-1.15, -0.16)** -0.6 (-0.9, -0.2)** -0.67 (-1.04, -0.31)*** 
Visceral fat %  -0.5 (-0.4, 0.3) -0.91 (-1.90, 0.07) -0.9 (-1.7, 0.0)* -1.00 (-1.83, -0.17)* -0.7 (-1.3, -0.1)* -0.99 (-1.62, -0.37)** 
Total body fat % -0.4 (-0.0, 0.2) -0.89 (-1.56, -0.21)* -0.8 (-1.4, -0.2)** -0.85 (-1.47, -0.23)** -0.6 (-1.1, 0.2)** -0.88 (-1.33, -0.42)*** 
Waist circumference 
(cm) 

-0.5 (-1.9, 1.0) -1.37 (-3.05, 0.31) -0.6 (-1.8, 0.5) -1.39 (-2.52, -0.27)* -0.7 (-1.6, 0.2) -1.58 (-2.46, -0.70)*** 

BMI (kg.m-2) 0.1 (-0.7, 0.8) -0.46 (-1.30, 0.37) -0.3 (-0.8, 0.2) -0.53 (-1.03, -0.40)* -0.3 (-0.7, 0.1) -0.64 (-1.05, -0.23)** 

533!D1+%37!2+O.7-%+!?1&!2'%!2$+![\K%*]W^_#!a!D1+%3!?.&-6%&!2+O.7-%+!?1&!%-6$,8,-(#!b/VWPWX/!bb/V!WPW^/!bbb/VWPWW^#!M%'&%77,1$!81%??,8,%$-7!&%*&%7%$-!-6%!862$'%!,$!-6%!1.-81D%!
*%&!^WW!8*D!862$'%!,$!-1-23!+2,3(!45!2$+!^WJD,$.-%!862$'%!,$!CQ45P![\/![%S!\%232$+#!45/!*6(7,823!28-,9,-(#!CQ45/!D1+%&2-%!-1!9,'1&1.7!*6(7,823!28-,9,-(P!

!
!



! "^G!

4896&! 3)/#:#/! D98%6;! .#&6#:#/)60! #61%*.%! )..9/#)0#96.! D%*%! :9'67! <%0D%%6! 090)(! 34! )67!

:).0#6&!+().8)!#6.'(#6=!C1%*-!"QQ!/+8!#6/*%).%!#6!090)(!34!D).!)..9/#)0%7!D#0,!)!VL!(9D%*!

:).0#6&!+().8)!#6.'(#6I!0,#.!)..9/#)0#96!D).!690!.#&6#:#/)60!#6!ABC!D98%6!2>)<(%!G=P5=!K9*!<90,!

3)/#:#/!)67!ABC!D98%6;!%1%*-!"QF8#6'0%!#6/*%).%!#6!NS34!D).!)..9/#)0%7!D#0,!EL!(9D%*!

:).0#6&!+().8)!#6.'(#6!2!rQ=QH5!2>)<(%!G=P5=!!

4896&!ABC!D98%6!%1%*-!"QQ!/+8!#6/*%).%!#6!090)(!34!)67!"QF8#6'0%!#6/*%).%!#6!NS34!

D).! .#&6#:#/)60(-! )..9/#)0%7! D#0,! VL! )67! "QL! (9D%*! 2!rQ=QH5! :).0#6&! [$3! /96/%60*)0#96;!

*%.+%/0#1%(-!2>)<(%!G=P5I!69!.#&6#:#/)60!)..9/#)0#96!D).!9<.%*1%7!#6!3)/#:#/!D98%6=!!

4!.#&6#:#/)60!#61%*.%!)..9/#)0#96!D).!)(.9!:9'67!<%0D%%6!#6/*%).#6&!090)(!34!)67!,%)*0!*)0%!:9*!

ABC!D98%6Y!%1%*-!"QQ!/+8!#6/*%).%!#6!7)#(-!34!D).!)..9/#)0%7!D#0,!)!(9D%*!*%.0#6&!,%)*0!

*)0%!9:!"=G!<%)0.!+%*!8#6'0%!2!ÜQ=QH5=!K'*0,%*;!%1%*-!)77#0#96)(!"Q!8#6'0%.!.+%60!#6!NS34!D).!

.#&6#:#/)60(-! )..9/#)0%7! D#0,! )! (9D%*! ,%)*0! *)0%! #6! 3)/#:#/! )67! ABC! D98%6! 2"=E! )67! "=^!

<%)0.Z8#6'0%;! *%.+%/0#1%(-5! )67! .#&6#:#/)60(-! (9D%*! jRN4Fa$! 2Q=PX5! )896&! ABC! D98%6=!

?8)((!.#&6#:#/)60!+9.#0#1%!)..9/#)0#96.!D%*%!)(.9!9<.%*1%7!D#0,!#6/*%).#6&!090)(!34!)67!3)/#:#/!

D98%6].! .-.09(#/! <(997!+*%..'*%! )67!ABC!D98%6].!j<4"/! /96/%60*)0#96.! 2!ÜQ=QHI!>)<(%!

G=P5=!!



! "^H!

N/3*)4cFb4=''+-(/,(+;43),B));4,+,/*48/(*&4<=4>-!294/;84?0<=4>2(;^8/&94/;842),/3+*(-4.)/*,.42/%C)%'4

56&'-%7#%* 8-"696"*
:;442*

*

:<*=>%&/#-?*
n= 158*

!$$*/-%(6"6/-?(,*@*
n= 272*

=?3&"%6?#*
+

X/)63+46(3*+GSL+
,(--&2&.;&+[EF_+=Q\+
9&2+#OO+?.()'+(.;2&6'&+

D]GSL++
,(--&2&.;&+[EF_+=Q\+
9&2+#O+?.()'+(.;2&6'&+

X/)63+46(3*+GSL+
,(--&2&.;&+[EF_+
=Q\+9&2+#OO+?.()'+
(.;2&6'&+

D]GSL++
,(--&2&.;&+[EF_+=Q\+
9&2+#O+?.()'+(.;2&6'&+

X/)63+46(3*+GSL+
,(--&2&.;&+[EF_+
=Q\+9&2+#OO+?.()'+
(.;2&6'&+

D]GSL++
,(--&2&.;&+[EF_+=Q\+
9&2+#O+?.()'+(.;2&6'&+

a%S#;"[AA/3"A/3\+
+

@O"#+[@O"<L+O"!\+ O"#+[@O"!L+O"C\+ O"!+[O"OL+O"C\#+ @O"#+[@O"<L+O"#\+ O"#+[O"OL+O"#\+ O"O+[@O"!L+O"!\+
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! "^X!

NZE, New Zealand European; PA, physical activity; MVPA, moderate to vigorous physical activity; HbA1c, fasting blood glycated hemoglobin; HOMA-IR, Homeostatic Model 
Assessment of Insulin Resistance; CRP, fasting C Reactive Protein; Chol, fasting blood total cholesterol; HDL, fasting High-density lipoprotein; LDL, fasting Low-density 
lipoprotein; NEFA, fasting non-esterfied fatty acids; Trig, fasting triglycerides. All models adjusted for body fat % group, age and NZDep2013; !further adjusted for ethnicity; 
*p<0.05, **p< 0.01, ***p<0.001; † data has been log transformed (ln). Regression coefficients represent the change in the outcome per 100 cpm change in total daily PA and 10-
minute change in MVPA
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)*%!6%&)0#1%(-!)..9/#)0%7!D#0,!8%0)<9(#/!,%)(0,!2N#6#.0*-!9:!j%)(0,!A%D!B%)()67;!^Q^"5;!)((!

:'*0,%*! )6)(-.#.! D).! /)**#%7! 9'0! /960*9((#6&! :9*! )&%! )67! 7%+*#1)0#96! #67%J! 2ABT%+^Q"P5=!

K'*0,%*;!+99*!.(%%+!<%,)1#9*!)67!#6/*%).%7!7#%0)*-!%6%*&-!#60)M%!,)1%!<%%6!)..9/#)0%7!D#0,!?@!

).!D%((!).!#6/*%).%7!@KL!)67!*%7'/%7!8%0)<9(#/!,%)(0,;!2i)*)'(%0!%0!)(=;!^Q"";!?'((#1)6;!^Q"X;!

S%*%%/M%6!%0!)(=;!^QQX5;!0,%*%:9*%;!:'*0,%*!)6)(-.#.!)(.9!/960*9((%7!:9*!.(%%+!_')(#0-!'.#6&!0,%!

3?ma!)67!7#%0)*-!%6%*&-!#60)M%!'.#6&!0,%!HTK$=!

C":! ;/%$?&%--
!
>*0&')'H*,&-).*0*)&/0'%&')%-



! "GW!

46)(-.%.!D%*%!/967'/0%7!96!̂ WE!D98%6!2K#&'*%!H="5=!i%6%*)(!.0'7-!+9+'()0#96!/,)*)/0%*#.0#/.!

)67!8%0)<9(#/!7#.%).%!8)*M%*.!)*%!+*%.%60%7!#6!>)<(%!H="=!!3)/#:#/!D98%6!D%*%!.#&6#:#/)60(-!

-9'6&%*! 2!"Q=QH5! )67! D%*%! 89*%! 7%+*#1%7! 2#=%=! ,)7! ,#&,%*! ABT%+^Q"P! ./9*%.5! 0,)6! ABC!

D98%6!2!"Q=QH5=!>,%*%!D).!69!7#::%*%6/%!#6!)&%!D,%6!/98+)*#6&!@KL!&*9'+.!)896&!3)/#:#/!

D98%6;! ,9D%1%*! ABC! D98%6! #6! 0,%! (9DF@KL! &*9'+! D%*%! -9'6&%*! 0,)6! 0,%#*! ,#&,F@KL!

/9'60%*+)*0.!2!"Q=QH5=!>,%*%!D).!69!7#::%*%6/%!#6!(%1%(!9:!7%+*#1)0#96!D,%6!/98+)*#6&!@KL!

&*9'+.!D#0,#6!%)/,!%0,6#/!&*9'+=!!

O+4=-)+3H+%'&'+,--
N%).'*%8%60.! 9:! D%#&,0;! e[! )67! j[! D%*%! .#&6#:#/)60(-! ,#&,%*! )896&! 3)/#:#/! D98%6!

/98+)*%7!09!ABC!D98%6!2!"Q=QHI!>)<(%!H="5=!>,%*%!D).!69!7#::%*%6/%!#6!090)(!9*!*%&#96)(!

@KL!<%0D%%6!ABC!)67!3)/#:#/!D98%6!#6!0,%!,#&,F@KL!&*9'+.I!,9D%1%*;!D,%6!/98+)*#6&!

0,%! (9DF@KL! &*9'+.;! ABC! D98%6! ,)7! (9D%*! e[;! D,9(%! <97-;! )67*9#7! )67! 1#./%*)(! :)0!

+%*/%60)&%.!2!"Q=QH5=!!!

O'+3*0N/0%-+(-3/&*5+?')-./*?&.-
3)/#:#/! D98%6! D#0,! )! ,#&,F@KL! ,)7! .#&6#:#/)60(-! ,#&,%*! j<4"/;! #6.'(#6;! jRN4Fa$;! )67!

(9D%*!UTU;! 090)(!/,9(%.0%*9(!)67![$3!/98+)*%7! 09! 0,%#*!ABC!/9'60%*+)*0.=!3)/#:#/!D98%6!

D#0,!)!(9DF@KL!,)7!.#&6#:#/)60(-!,#&,%*!j<4"/;!#6.'(#6;!<(997!&('/9.%;!)67!(9D%*!jRN4F

a$;!jTU!D,%6!/98+)*%7!09!ABC!D98%6!D#0,!)!(9DF@KL=!3)/#:#/!D98%6!D#0,!)!,#&,F@KL!

,)7!.#&6#:#/)60(-!,#&,%*!j<4"/;!#6.'(#6;!jRN4Fa$;!(%+0#6;!0*#&!)67!(9D%*!jTU!/98+)*%7!09!

3)/#:#/!D98%6!D#0,!(9DF@KL;!,9D%1%*!69!7#::%*%6/%!#6!&('/9.%!9*![$3!D).!9<.%*1%7=!ABC!

D98%6!D#0,!,#&,F@KL!,)7!.#&6#:#/)60(-!,#&,%*!j<4"/;!&('/9.%;!#6.'(#6;!jRN4Fa$;!(%+0#6;!

UTU;!090)(!/,9(%.0%*9(;!0*#&;!)67!(9D%*!jTU!/98+)*%7!09!ABC!D98%6!D#0,!(9DF@KL=!!

!



! "GE!

N/3*)4gFO4I)2+A%/!.(-4+E4!+!1*/,(+;@43&43+8&4E/,4D4A%+1!4/;84),.;(-(,&4

Characteristic Pacific 
 

NZE 
 <35% body 

fat 
"35% body 
fat 

<35% body 
fat 

"35% body 
fat N  62 57 85 74 

BMI (kg/m2) 25.8 (3.9)†ˆ 35.6 (6.0) 22.5 (2.1) 33.7 (3.8) 
Age (years) 25 (7)ˆ 25 (6)ˆ 30 (7)† 33 (7) 
Anthropometry      
Weight (kg) 73.5 (11.8)†ˆ  99.8 (18.0) 63.1 (7.6)† 94.4 (12.3)  
Height (cm) 169 (6.61) 168 (7.33) 167 (5.61) 167  (7.05) 
Waist circumference 
(cm) 

79.6 (7.95)†ˆ  98.5 (13.1) 73.2 (5.75) † 98.0 (9.92) 
Hip  circumference (cm) 105 (7.11)†ˆ  121 (10.7) 98.0 (6.75) † 120 (8.75) 
Systolic blood pressure 111 (9.50)† 119 (11.4) 113 (10.6) † 120 (13.7) 
Heart rate (beats/minute) 69.1 (11.4)  70.4 (11.1)  67.1 (11.4) 74.3 (12.0) 
Whole BF% (%) 30.2 (3.09)†ˆ 39.5 (3.41) 27.8 (4.46)† 41.1 (3.78) 
Android fat mass (%) 29.5 (5.16)†ˆ 41.5 (4.74)  24.8 (5.18)† 41.5 (4.90) 
Gynoid fat mass (%) 35.0 (3.36)† 40.9 (3.51)  33.3 (4.20)† 42.5 (4.19) 
Visceral fat (%) 27.2 (5.59)†ˆ 39.6 (4.94) 22.2 (5.91)† 39.7 (5.15) 
Sleep quality      
PSQI global score  6 (3) 6 (3) 5 (2)† 7 (3) 
Socioeconomic     
NZDep2013 7 (3)ˆ  8 (2)ˆ 4 (2) 5 (2) 
Carbohydrate 
metabolism 

    
Glucose (mmol/L) 5.31 (0.47)ˆ 5.48 (0.51) 5.12 (0.31)† 5.52 (0.46) 
HbA1c (mmol/mol) 32.2 (1.98)†ˆ 34.2 (2.93)ˆ 30.4 (2.19)† 31.6 (2.81) 
HOMA-IR 21.4 (19.9)†ˆ 155 (126)ˆ 44.4 (19.1)† 89.9 (48.3) 
Lipid profile     
Chol (mmol/L) 4.61 (0.72) 4.72 (0.77)ˆ  4.92 (0.86)†  5.40 (1.18) 
HDL (mmol/L) 1.57 (0.32)†ˆ  1.39 (0.31) 1.84 (0.37)†  1.50 (0.32)  
LDL (mmol/L) 2.85 (0.67) 2.99 (0.73)ˆ 2.89 (0.83)† 3.53 (1.16) 
NEFA (mmol/L) 0.66 (0.32) 0.80 (0.36) 0.67 (0.32) 0.77 (0.38) 
Trig (mmol/L) 0.90 (0.35)†  1.24 (0.63) 0.78 (0.28)† 1.20 (0.51) 
Endocrine regulators     
Leptin (pg/ml) 9471 (6605)† 23108 (10856) 6037 (4166)† 26852 

(13327) Insulin (pmol/l )# 72.5 (1.74)†ˆ 123 (1.93)ˆ 40.7 (1.51)† 79.8 (1.61) 
Inflammation marker     
CRP (mg/L)# 0.49 (2.53) 1.18 (2.70)ˆ  0.74 (2.81) 2.62 (2.52) 

Values are presented as Mean (standard deviation) unless otherwise specified; #= geometric mean (standard deviation of 
geometric mean); † p< 0.05 for test comparing body fat groups within ethnic group. ˆp< 0.05 for test comparing between 
ethnic groups within body fat group; BMI, Body mass index. PSQI, Pittsburgh Sleep Quality Index. HbA1c, fasting blood 
glycated haemoglobin. CRP, fasting C Reactive Protein. Chol, fasting blood total cholesterol. HDL, fasting High-density 
lipoprotein. LDL, fasting Low-density lipoprotein. NEFA , fasting non-esterfied fatty acids. Trig, fasting triglycerides. 
NZDep2013, NZDep2013 index of socioeconomic deprivation.



! "GV!

9/4/,&*0=-5/.*7'+$0-
>,%*%!D).!69!7#::%*%6/%!#6!090)(!.%7%60)*-!0#8%!D,%6!/98+)*#6&!3)/#:#/!)67!ABC!D98%6!D#0,!

,#&,F@KL=!3)/#:#/!D98%6!D#0,!(9DF@KL!.+%60!89*%!0#8%!.%7%60)*-!2"Q=G!,*Z7)-5!/98+)*%7!

09!ABC!D98%6!D#0,!(9DF@KL!2V=XV!,*Z7)-5!2!"Q=QH5!2>)<(%!H=^5=!!

>,%*%!D).!69!7#::%*%6/%!#6!8)J#8'8!.%7%60)*-!<9'0!(%6&0,!D,%6!/98+)*#6&!3)/#:#/!)67!ABC!

D98%6!D#0,#6!@KL!&*9'+.=!3)/#:#/!D98%6].!8)J#8'8!.%7%60)*-!<9'0!(%6&0,!7#7!690!7#::%*!

<%0D%%6!@KL!&*9'+.!2,#&,F@KL!HG=G!8#6!)67!(9DF@KL!HX=H!8#65=!ABC!D98%6!D#0,!)!,#&,F

@KL! ,)7! )! .#&6#:#/)60(-! ,#&,%*! 8)J#8'8! .%7%60)*-! <9'0! (%6&0,! D,%6! /98+)*%7! 09! ABC!

D98%6!D#0,!)!(9DF@KL!2HV=V!8#6!1%*.'.!HQ="!8#6;!!"Q=QH5=!!

ABC!D98%6!D#0,!)!,#&,F@KL!,)7!)!,#&,%*!2!"Q=QH5!D%#&,0%7!8%7#)6!.%7%60)*-!<9'0!(%6&0,!

)67!,#&,%*!:*)&8%60)0#96! #67%J!2^Q="!8#6!)67!Q=G"!*%.+%/0#1%(-5;!/98+)*%7! 09! 0,%#*!3)/#:#/!

,#&,F@KL! &*9'+! /9'60%*+)*0.! 2"E=P! )67! Q=P"! *%.+%/0#1%(-5! )67! ! 0,%#*! ABC! (9DF@KL!

/9'60%*+)*0.!2"W=E!8#6!)67!Q=P"!*%.+%/0#1%(-5!2>)<(%!H=^5=!>,%*%!D).!69!.#&6#:#/)60!7#::%*%6/%!

#6!D%#&,0%7!8%7#)6!.%7%60)*-!<9'0!(%6&0,!9*!:*)&8%60)0#96!#67%J!<%0D%%6!3)/#:#/!D98%6!D#0,!

,#&,!)67!(9DF@KL=!!

>,%*%!D).! 69! .#&6#:#/)60! 7#::%*%6/%! <%0D%%6! )((! :9'*! &*9'+.! #6! 0#8%! .+%60! #6! (#&,0!34=!R6!

)1%*)&%!3)/#:#/!,#&,F@KL!D98%6!.+%60!""=^!8#6.!(%..!#6!NS34!0,)6!0,%#*!ABC!/9'60%*+)*0.!

2"V=^!1%*.'.!PQ=G!8#6;!!"Q=QH5!)67!3)/#:#/!(9DF@KL!D98%6!.+%60!"H=P!8#6'0%.!(%..!#6!NS34!

0,)6! 0,%#*!ABC!/9'60%*+)*0.! 2^P=E!1%*.'.!PV="!8#6;!!"Q=QH5! =!ABC!D98%6!D#0,!,#&,F@KL!

.+%60! .#&6#:#/)60(-! (%..! 0#8%! #6! NS34! 2PQ=G! 8#65! 0,)6! 0,9.%! D#0,! (9DF@KL! 2PV="! 8#65;!

,9D%1%*;!0,%*%!D%*%!69!7#::%*%6/%!<%0D%%6!3)/#:#/!D98%6!D#0,!,#&,F!)67!(9DF@KL=!

!

!



! "HQ!

N/3*)4gF\4G)8);,/%&43)./H(+1%4/;84!.&'(-/*4/-,(H(,&4+E4!+!1*/,(+;@43&43+8&4E/,4D4A%+1!4/;84),.;(-(,&4

Characteristic Pacific 
 

NZE 
 <35% body fat !35% body fat <35% body fat !35% body fat 
N  62 57 85 74 
Accelerometery     
Valid wear time per day (min/day) removed 
from analysis) 

949 (68.1) 953 (82.9)  930 (56.3) 930 (58.6) 
Standardised total sedentary time* (hr/day) 
(hours/day) 

10.4 (1.38)ˆ 9.93 (1.59) 9.69 (1.32) 9.96 (1.58) 
Light physical activity (min/day) 
 
From SB data set 

310 (79.3) 344 (95.9) 328 (79.5)  320 (86.0)  
MVPA (min/day) 
 
From SB data set 

23.8 (16.3)ˆ 19.2 (15.1)ˆ 39.1 (18.4)† 30.4 (19.2) 
Daily average of sedentary breaks (min) 1178 (130) 1180 (120)  1168 (106)† 1107 (95.5) 
Average length of sedentary breaks (min) 129 (51.9) 151 (112) 147 (108) 104 (49.6) 
Maximum length of sedentary breaks (min) 989 (414) 1041 (473)  958 (430) 857 (442)  
Fragmentation Index 0.31 (0.09) 0.31 (0.10)ˆ 0.31 (0.11)† 0.41 (0.12) 
Average length of sedentary bouts (min) 18.2 (1.72) 17.9 (2.10) 17.5 (2.10)† 18.9 (2.44) 
Maximum length of sedentary bouts (min) 56.5 (19.8) 54.4 (17.8) 50.1 (12.6)† 59.9 (18.5) 
Daily average of sedentary bouts (min) 194 (73.6) 187 (75.2)ˆ 181 (79.3)† 241 (99.0)  
Weighted median sedentary bout length (min) 19.2 (3.52) 18.3 (2.85)ˆ 17.8 (3.43)† 20.1 (4.10) 

+
]63?&'+62&+92&'&.)&4+6'+D&6.+h+')6.4624+4&:(6)(/.+?.3&''+/)H&25('&+'9&;(-(&4V+g+*b+O"OF+-/2+)&')+;/A962(.I+%/4*+-6)+I2/?9'+5()H(.+&)H.(;+I2/?9"+e+M)6.4624('&4+)/+6+#N+H/?2+
46*"+i*b+O"OF+-/2+)&')+;/A962(.I+%&)5&&.+&)H.(;+I2/?9'+5()H(.+%/4*+-6)+I2/?9V"+D]GSL+A/4&26)&+)/+:(I/2/?'+9H*'(;63+6;)(:()*"++
+ +

!



! "H"!

>90)(!.%7%60)*-!0#8%!D).!690!)..9/#)0%7!D#0,!e[;!j[;!D%#&,0!9*!,%)*0!*)0%! #6!%#0,%*!%0,6#/!

&*9'+=!4896&!ABC!D98%6;!%1%*-!96%!,9'*!#6/*%).%!#6!090)(!.%7%60)*-!0#8%!D).!)..9/#)0%7!

D#0,!)!Q=EL!*%7'/%7!&-69#7!L!:)0!2!"Q=QH5I!0,#.!D).!690!0,%!/).%!)896&!3)/#:#/!D98%6=!>,#.!

)..9/#)0#96! *%8)#6%7! ):0%*! /960*9((#6&! :9*! )&%;! 7%+*#1)0#96! #67%J;! .(%%+! _')(#0-! )67! 7#%0!

2!"Q=QH5! 2>)<(%!H=P5=!>90)(! .%7%60)*-! 0#8%!D).!690!)..9/#)0%7!D#0,!90,%*!@KL!1)*#)<(%.! #6!

%#0,%*!%0,6#/!&*9'+=!!

>90)(! .%7%60)*-! 0#8%! D).! 690! )..9/#)0%7! D#0,! :).0#6&! +().8)! #6.'(#6;! &('/9.%;! jRN4Fa$;!

(%+0#6;!)67!)((!8)*M%*.!9:! (#+#7!8%0)<9(#.8!#6!%#0,%*!%0,6#/!&*9'+!2>)<(%!H=P5=!4896&!ABC!

D98%6;!%1%*-!96%!,9'*! #6/*%).%! #6!.%7%60)*-! 0#8%!D).!)..9/#)0%7!D#0,!)! *%7'/0#96!9:!Q=PH!

889(Z89(! #6!j<4"/! 2!"Q=QH5! )67!)6! #6/*%).%! #6![$3!9:!"="G!8&ZU! 2!"Q=QH5=!$%.'(0.! :9*!

)7f'.0%7!)67!'6)7f'.0%7!)6)(-.%.!D%*%!,#&,(-!/98+)*)<(%=!!!

C1%*-!96%!,9'*!#6/*%).%!#6!.%7%60)*-!0#8%!D).!.#&6#:#/)60(-!)..9/#)0%7!D#0,!(9D%*!.-.09(#/!)67!

7#).09(#/!<(997!+*%..'*%!)896&!3)/#:#/!D98%6Y!F"=H!!8&j!)67!F"="!8&j!*%.+%/0#1%(-;!)7f'.0%7!

)6)(-.%.!2>)<(%!H=P;!897%(!^5=!>,%*%!D).!69!)..9/#)0#96!<%0D%%6!.%7%60)*-! 0#8%!)67!<(997!

+*%..'*%!)896&!ABC!D98%6=!!



! "H^!

N/3*)4gFb4=''+-(/,(+;43),B));4,+,/*4')8);,/%&4,(2)4!)%48/&4>.^8/&94>/8U1',)84,+4/4Oj.%48/&9@4/;842/%C)%'4+E4-/%8(+2),/3+*(-4.)/*,.4/;843+8&4
-+2!+'(,(+;4

Biomarker 
 

Pacific NZE 
 Model 1 (n=119) 

 
Model 2 (n=114) Model 1 (n=159) Model 2 (n=158) 

 Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% CI)] 
per one unit increase 

Endocrine     
HbA1c (mmol/mol) 
 

-0.003 (-0.334, 0.327) 0.126 (-0.188, 0.440) -0.327 (-0.599, -0.054)* -0.345 (-0.621, -0.070)* 

Glucose (mmol/L) 
 

0.010 (-0.050, 0.071) 0.024 (-0.038, 0.086) -0.016 (-0.063, 0.031) -0.033 (-0.076, 0.009) 
HOMA-IR 1.719 (-2.057, 5.495) 2.679 (-1.056, 6.414) 0.133 (-1.105, 1.371) -0.044 (-0.446, 0.358) 
Leptin (pg/ml) 
 

-579 (-1986, 827) 307 (-881, 1495) 550 (-870, 1970) -69 (-1164, 1025) 
Chol (mmol/L) 
 

0.001 (-0.090, 0.092) 0.020 (-0.069, 0.109) -0.029 (-0.142, 0.085) -0.026 (-0.141, 0.090) 
NEFA (mmol/L) 
 

-0.035 (-0.076, 0.007) 0.025 (-0.067, 0.017) 0.014 (-0.024, 0.052) -0.002 (-0.041, 0.037) 
Trig (mmol/L) 
 

0.025 (-0.039, 0.090) 0.044 (-0.018, 0.107) 0.024 (-0.025, 0.073) 0.001 (-0.043, 0.046) 
HDL (mmol/L) 
 

-0.019 (-0.059, 0.021) -0.027 (-0.066, 0.011) -0.028 (-0.069, 0.014) -0.006 (-0.045, 0.032) 
LDL (mmol/L) 0.012 (-0.074, 0.097) 0.031 (-0.054, 0.116) -0.014 (-0.127, 0.100) -0.019 (-0.132, 0.094) 
 
 

Ratio (95% CI) per one 
unit increase 

Ratio (95% CI) per one 
unit increase 

Ratio (95% CI) per one 
unit increase 

Ratio (95% CI) per one 
unit increase 

Insulin† (uU/ml) 
 

1.022 (0.942, 1.108) 1.045 (0.968, 1.127) 1.042 (0.980, 1.106) 0.998 (0.950, 1.047) 
CRP† (mg/L)  
 

0.986 (0.866, 1.123) 1.050 (0.933, 1.183) 1.197 (1.059, 1.355)** 1.141 (1.022, 1.273)* 
Anthropometry  Difference [# (95% CI)] 

per one unit increase 
Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% CI)] 
per one unit increase 

Systolic blood pressure 
(mgH) 
 

-1.937 (-3.243, -
0.631)** 

-1.547 (-2.801, -0.292)* -0.018 (-1.359, 1.359) -0.122 (-1.514, 1.269) 
Diastolic blood pressure 
(mgH) 
 
 

-1.482 (-2.658, -0.305)* -1.056 (-2.092, -0.021)* 0.868 (-0.231, 1.967) 0.603 (-0.428, 1.634) 
Heart rate (bpm) 
 

0.289 (-1.143, 1.721) 0.081 (-1.334, 1.496) 1.235 (-0.152, 2.621) 0.980 (-0.388, 2.349) 
Body composition     
Weight (Kg)  
 

-2.308 (-4.724, 0.108) -2.020 (-4.502, 0.462) 0.831 (-1.220, 2.882) 1.104 (-0.848, 3.056) 
Waist circumference (cm) 
 

-1.159 (-2.892, 0.574) -0.858 (-2.604, 0.887) -0.399 (-1.995, 1.197) 0.046 (-1.445, 1.537) 
Hip circumference (cm)  
 

-1.40 (-2.86, 0.06) -1.24 (-2.74, 0.25) 0.67 (-0.80, 2.14) 0.88 (-0.51, 2.28) 
Trunk fat % -0.23 (-1.10, 0.64) -0.12 (-1.02, 0.77) 0.70 (-0.28, 1.69) 0.78 (-0.19, 1.74) 



! "HP!

Biomarker 
 

Pacific NZE 
 Model 1 (n=119) 

 
Model 2 (n=114) Model 1 (n=159) Model 2 (n=158) 

Android % fat -0.25 (-1.20, 0.71) -0.11 (-1.09, 0.88) 0.71 (-0.34, 1.77) 0.70 (-0.34, 1.74) 
Gynoid % fat -0.00 (-0.56, 0.55) -0.02 (-0.59, 0.56) 0.76 (0.10, 1.42)* 0.77 (0.11, 1.43)* 
Visceral fat %  -0.21 (-1.21, 0.79) -0.08 (-1.11, 0.95) 0.83 (-0.29, 1.95) 0.78 (-0.32, 1.88) 
Total body fat % -0.23 (-0.93, 0.46) -0.16 (-0.88, 0.56) 0.75 (-0.09, 1.60) 0.80 (-0.03, 1.63) 

"#$%&!'(!)*+$,-./%$!
"#$%&!0(!1$,-./%$!2#3!+4%5!$%6378+/7#*!7*$%95!.&%%6!:-+&7/;!<=>?@!4&#A+&!.B#3%C5!$7%/+3;!%*%34;!7*/+D%!EF5!A#$;!2+/!G!43#-6!<%9B&-$7*4!A#$;!B#H6#.7/7#*!8+37+A&%.C!
I=!8+&-%!JKLKM5!II=!8+&-%!NKLK'5!III=!8+&-%!NKLKK'L!!"$+/+!O+.!A%%*!&#4!/3+*.2#3H%$!<!"CL!=+B727B5!6+3/7B76+*/.!PO#!7$%*/72;!+.!=+B727BL!QR!S-3#6%+*5!6+3/7B76+*/.!PO#!7$%*/72;!+.!Q%P!R%+&+*$!
S-3#6%+*L!TUV5!2+./7*4!T74OW$%*.7/;!&76#63#/%7*L!VUV5!2+./7*4!V#PW$%*.7/;!&76#63#/%7*L!QSX15!2+./7*4!*#*W%./%327%$!2+//;!+B7$.L!Y3745!2+./7*4!/374&;B%37$%.L!
Z%43%..7#*!B#%227B7%*/.!<[C!#A/+7*%$!23#H!&#4W/3+*.2#3H%$!$+/+!3%63%.%*/!3%&+/78%!$722%3%*B%.!+*$!+3%!%963%..%$!+.!+!3+/7#!<A;!-.7*4!%#CL!
!



! "HG!

!
4896&!ABC!<'0!690!3)/#:#/!D98%6;!.%1%*)(!.#&6#:#/)60!)..9/#)0#96.!D%*%!9<.%*1%7!<%0D%%6!

8)J#8'8!.%7%60)*-!<9'0!(%6&0,!)67!<97-!/98+9.#0#96!2090)(!)67!*%&#96)(!@KL;!D%#&,0;!e[!

)67!j[5!2>)<(%!H=G5=!4:0%*!)7f'.0#6&!:9*!/96:9'67%*.;!.#&6#:#/)60!)..9/#)0#96.!<%0D%%6!D%#&,0;!

e[!)67!j[!*%8)#6%7!<'0!*%7'/%7!#6!.#b%=!4896&!ABC!D98%6;!%1%*-!96%!8#6'0%!#6/*%).%!#6!

8)J#8'8!.%7%60)*-!<9'0!(%6&0,!D).!)..9/#)0%7!D#0,!)!Q=P!M&!,#&,%*!<97-!D%#&,0!2!"Q=QH5;!

Q="!/8!,#&,%*!e[!2!rQ=QQ"5;! )67!Q=^!/8!,#&,%*!j[! 2!"Q=QH5=!4..9/#)0#96.!D#0,!)((!@KL!

8%).'*%.!D%*%!69!(96&%*!9<.%*1%7!):0%*!)7f'.0#6&!:9*!/96:9'67%*.=!!

A9! .#&6#:#/)60! )..9/#)0#96.! D%*%! :9'67! <%0D%%6! 8)J#8'8! .%7%60)*-! <9'0! (%6&0,! )67!

<#98)*M%*.! 9:! 8%0)<9(#/! ,%)(0,! )896&! 3)/#:#/! D98%6! 2>)<(%! H=G5=! >,#.! D).! )(.9! 0,%! /).%!

)896&!ABC!D98%6;!%J/%+0!:9*!UTU=!!C1%*-!96%!8#6'0%!#6/*%).%!#6!8)J#8'8!.%7%60)*-!<9'0!

(%6&0,!D).!)..9/#)0%7!D#0,!)!Q=Q"!889(ZU!,#&,%*!UTU!(%1%(!2!"Q=QH5=!j9D%1%*;!):0%*!)7f'.0#6&!

:9*!/96:9'67%*.;!0,#.!)..9/#)0#96!D).!69!(96&%*!9<.%*1%7=!

!



! "HH!

N/3*)4gFc4=''+-(/,(+;43),B));42/R(2124')8);,/%&43+1,4*);A,.4/;842/%C)%'4+E4-/%8(+2),/3+*(-4.)/*,.4/;843+8&4-+2!+'(,(+;4

Biomarker Pacific  
 

 NZE  
 

 
  Model 1 (n=119) 

 
Model 2 (n=114) Model 1 (n=159) Model 2 (n=158) 

 
 

Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% 
CI)] per one unit 
increase 

Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% CI)] 
per one unit increase 

Endocrine     
HbA1c (mmol/mol) 
 

-0.001 (-0.027, 0.025) -0.001 (-0.026, 0.023) 0.007 (-0.017, 0.032) -0.008 (-0.033, 0.017) 
Glucose (mmol/L) 
 

0.001 (-0.003, 0.006) 0.001 (-0.004, 0.006) 0.003 (-0.001, 0.007) -0.002 (-0.006, 0.002) 
HOMA-IR  
 

0.195 (-0.104, 0.494) 0.199 (-0.095, 0.493) 0.016 (-0.094, 0.126) -0.093 (-0.188, 0.002) 
Leptin (pg/ml) 
 

-13 (-122, 97) 11 (-80, 101) 133 (-4, 270) -38 (-147, 71) 
TNF $ (pg/ml) 
 

0.034 (-0.426, 0.494) 0.025 (-0.009, 0.058) 0.304 (-0.233, 0.841) -0.007 (-0.028, 0.015) 
Chol (mmol/L) 
 

0.002 (-0.006, 0.009) 0.002 (-0.005, 0.009) 0.009 (-0.001, 0.019) 0.004 (-0.006, 0.015) 
NEFA (mmol/L) 
 

-0.002 (-0.005, 0.002) -0.001 (-0.005, 0.002) 0.001 (-0.002, 0.004) 0.000 (-0.003, 0.004) 
Trig (mmol/L) 
 

0.001 (-0.004, 0.006) 0.001 (-0.004, 0.006) 0.002 (-0.003, 0.006) -0.002 (-0.006, 0.002) 
HDL (mmol/L) 
 

0.000 (-0.003, 0.003) 5.003E-5 (-0.003, 
0.003) 

-0.003 (-0.007, 0.001) 0.000 (-0.004, 0.003) 
LDL (mmol/L) 0.003 (-0.004, 0.009) 0.003 (-0.004, 0.010) 0.011 (0.001, 0.021)* 0.005 (-0.005, 0.016) 
 Ratio (95% CI) per one 

unit increase 
Ratio (95% CI) per one 
unit increase 

Ratio (95% CI) per one 
unit increase 

Ratio (95% CI) per one 
unit increase 

Insulin† (uU/ml) 
 

1.002 (0.996, 1.009) 1.003 (0.997, 1.009) 1.003 (0.998, 1.008) 0.997 (0.993, 1.001) 
CRP† (mg/L)  
 

0.996 (0.986, 1.006) 0.996 (0.987, 1.005) 1.009 (0.998, 1.020) 0.999 (0.989, 1.009) 
Anthropometry  
 
 

Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% 
CI)] per one unit 
increase 

Difference [# (95% CI)] 
per one unit increase 

Difference [# (95% CI)] 
per one unit increase 

Systolic blood pressure (mgH) 
 

0.002 (-0.106, 0.109) 0.017 (-0.084, 0.118) 0.031 (-0.091, 0.154) -0.032 (-0.158, 0.094) 
Diastolic blood pressure (mgH) 
 

-0.013 (-0.109, 0.083) 0.004 (-0.079, 0.086) 0.096 (-0.001, 0.194) 0.014 (-0.080, 0.108) 
Pulse (bpm) 
 

-0.039 (-0.168, 0.090) -0.013 (-0.138, 0.112) 0.028 (-0.096, 0.151) -0.034 (-0.160, 0.092) 
Body composition     
Weight (Kg)  
 

-0.097 (-0.291, 0.097) -0.095 (-0.293, 0.103) 0.303 (0.126, 0.479)** 0.247 (0.078, 0.416)** 



! "HX!

Biomarker Pacific  
 

 NZE  
 

 
  Model 1 (n=119) 

 
Model 2 (n=114) Model 1 (n=159) Model 2 (n=158) 

Waist circumference (cm) 
 

-0.058 (-0.197, 0.080) -0.055 (-0.193, 0.084) 0.200 (0.061, 0.338)** 0.140 (0.010, 0.270)* 
Hip circumference (cm)  
 

-0.055 (-0.173, 0.062) -0.047 (-0.166, 0.072) 0.208 (0.080, 0.335)** 0.161 (0.039, 0.282)* 
Trunk fat % -0.03 (-0.10, 0.04) -0.02 (-0.09, 0.05) 0.23 (0.03, 0.20)** 0.07 (-0.01, 0.16) 
Android % fat -0.02 (-0.09, 0.06) -0.01 (-0.09, 0.06) 0.13 (0.04, 0.22)** 0.09 (-0.01, 0.18) 
Gynoid % fat -0.02 (-0.06, 0.03) -0.01 (-0.06, 0.03) 0.06 (0.00, 0.12)* 0.04 (-0.02, 0.10) 
Visceral fat %  -0.02 (-0.10, 0.06) -0.01 (-0.09, 0.07) 0.13 (0.03, 0.23)* 0.09 (-0.01, 0.19) 
Total body fat % -0.02 (-0.07, 0.04) -0.02 (-0.07, 0.04) 0.10 (0.02, 0.17)* 0.07 (-0.01, 0.14) 

Model 1: Unadjusted 
Model 2: Adjusted for age, deprivation index, sleep quality (PSQI global score), dietary energy intake KJ, body fat % group (excluding body composition variables) 
*P value <0.05, **P value "0.01, **P value "0.001. † data has been log transformed (ln). Pacific, participants who identify as Pacific. NZ European, participants who identify as New Zealand 
European. HDL, fasting High-density lipoprotein. LDL, fasting Low-density lipoprotein. NEFA, fasting non-esterfied fatty acids. Trig, fasting triglycerides. 
Regression coefficients (#) obtained from log-transformed data represent relative differences and were expressed as a ratio (by using e!). 



! "HW!

e%#&,0%7! 8%7#)6! .%7%60)*-! <9'0! (%6&0,! D).! 690! )..9/#)0%7! D#0,! )6-! <97-! /98+9.#0#96! 9*!

%679/*#6%!8%).'*%!)896&!3)/#:#/!D98%6!2>)<(%!H=H5=!!!4896&!ABC!D98%6;!%1%*-!96%!8#6'0%!

#6/*%).%! #6!D%#&,0%7!8%7#)6!.%7%60)*-!<9'0! (%6&0,!D).!)..9/#)0%7!D#0,!"="!M&!.#&6#:#/)60(-!

,#&,%*!<97-!D%#&,0;!Q=X^!/8!e[;!Q=WV!/8!j[;!)67!,#&,%*!@K!8%).'*%.I!Q=PVL!,#&,%*!&-69#7!

L:)0!)67!Q=PVL!090)(!<97-;!Q=G^L!0*'6M;!Q=G"L!)67*9#7!!)67!Q=G^L!1#./%*)(!L!:)0!2>)<(%!H=H;!

897%(!^5=!

4896&!ABC!<'0!690!3)/#:#/!D98%6;!'6)7f'.0%7!)6)(-.#.!.,9D%7!%1%*-!96%!8#6'0%!#6/*%).%!#6!

D%#&,0%7!8%7#)6!<9'0!(%6&0,!D).!)..9/#)0%7!D#0,!.#&6#:#/)60!#6/*%).%.!9:!̂ =GL!#6!#6.'(#6!;!Q=Q^!

889(ZU!&('/9.%;!Q=QH!889(ZU!UTU;!XHW!+&Z8U!(%+0#6;!)67!Q=G!8&j!7#).09(#/!<(997!+*%..'*%!

2>)<(%!H=H;!897%(!"5;!):0%*!/960*9((#6&!:9*!/96:9'67%*.;!.#&6#:#/)60!)..9/#)0#96.!D%*%!69!(96&%*!

9<.%*1%7!2>)<(%!H=H5=!



! "HE!

N/3*)4gFg4=''+-(/,(+;43),B));4B)(A.,)842)8(/;4')8);,/%&43+1,4*);A,.4>2(;9@4/;842/%C)%'4+E4-/%8(+2),/3+*(-4.)/*,.4/;843+8&4-+2!+'(,(+;4

Biomarker 
 

Pacific  NZE  
 Model 1 (n=119) 

 
Model 2 (n=114) Model 1 (n=159) Model 2 (n=158) 

Endocrine Difference [# (95% 
CI)] per one unit 
increase 

Difference [# (95% 
CI)] per one unit 
increase 

Difference [# (95% CI)] per 
one unit increase 

Difference [# (95% CI)] 
per one unit increase 

HbA1c (mmol/mol) 
 

-0.006 (-0.158, 0.145) 0.017 (-0.126, 0.160) 0.042 (-0.061, 0.145) -0.027 (-0.134, 0.079) 
Glucose (mmol/L) 
 

0.013 (-0.015, 0.041) 0.015 (-0.013, 0.044) 0.021 (0.003, 0.038)* 0.001 (-0.015, 0.017) 
HOMA-IR  
 

0.516 (-1.231, 2.263) 0.991 (-0.736, 2.718) 0.362 (-0.094, 0.818) -0.044 (-0.446, 0.358) 
Leptin (pg/ml) 
 

-456 (-1087, 175) -201 (-728, 327) 657 (133, 1181)* 15 (-404, 434) 
TNF $ (pg/ml) 
 

0.0548 (-0.186, 0.186) 0.008 (-0.189, 0.204) -0.008 (-0.084, 0.069) -0.018 (-0.102, 0.065) 
Chol (mmol/L) 
 

0.021 (-0.021, 0.063) 0.027 (-0.014, 0.067) 0.037 (-0.005, 0.078) 0.016 (-0.027, 0.060) 
NEFA (mmol/L) 
 

-0.002 (-0.022, 0.017) 0.000 (-0.020, 0.020) 0.001 (-0.013, 0.016) -0.001 (-0.016, 0.014) 
Trig (mmol/L) 
 

-0.002 (-0.032, 0.028) 0.006 (-0.024, 0.035) 0.005 (-0.013, 0.024) -0.010 (-0.027, 0.007) 
HDL (mmol/L) 
 

0.004 (-0.014, 0.023) -0.012 (-0.018, 0.018) -0.011 (-0.026, 0.004) 0.000 (-0.015, 0.014) 
LDL (mmol/L) 0.022 (-0.017, 0.061) 0.028 (-0.011, 0.067) 0.045 (0.003, 0.086)* 0.020 (-0.023, 0.062) 
 Ratio (95% CI) per one 

unit increase 
Ratio (95% CI) per one 
unit increase 

Ratio (95% CI) per one unit 
increase 

Ratio (95% CI) per one 
unit increase 

Insulin† (pmol/l) 
 

1.001 (0.964, 1.039) 1.015 (0.980, 1.051) 1.024 (1.001, 1.047)* 1.002 (0.098, 1.020) 
CRP† (mg/L)  
 

0.968 (0.911, 1.026) 0.989 (0.937, 1.045) 1.039 (0.991, 1.089) 0.998 (0.957, 1.042) 
Anthropometry  Difference [# (95% 

CI)] per one unit 
increase 

Difference [# (95% 
CI)] per one unit 
increase 

Difference [# (95% CI)] per 
one unit increase 

Difference [# (95% CI)] 
per one unit increase 

Systolic blood pressure 
(mgH) 
 

-0.066 (-0.691, 0.559) 0.182 (-0.409, 0.774) 0.089 (-0.422, 0.601) -0.137 (-0.667, 0.392) 
Diastolic blood pressure 
(mgH) 
 

-0.270 (-0.825, 0.286) -0.006 (-0.492, 0.480) 0.418 (0.012, 0.824)* 0.085 (-0.309, 0.479) 
Heart rate (bpm) 
 

0.141 (-0.567, 0.850) 0.295 (-0.400, 0.990) 0.395 (-0.117, 0.906) 0.230 (-0.289, 0.748) 
Body composition     
Weight (Kg)  
 

-0.798 (-1.921, 0.325) -0.905 (-2.044, 0.234) 1.333 (0.599, 2.066)*** 1.089 (0.380, 1.799)** 
Waist circumference (cm) 
 

-0.512 (-1.313, 0.289) -0.529 (-1.327, 0.269) 0.892 (0.316, 1.468)** 0.617 (0.071, 1.164)* 
Hip circumference (cm)  
 

-0.559 (-1.238, 0.119) -0.605 (-1.289, 0.079) 0.980 (0.454, 1.506)*** 0.785 (0.278, 1.291)** 
Trunk fat % -0.18 (-0.58, 0.21) -0.19 (-0.59, 0.22) 0.58 (0.22, 0.93)** 0.42 (0.06, 0.78)* 
Android % fat -0.16 (-0.60, 0.28) -0.17 (-0.62, 0.28) 0.58 (0.20, 0.97)** 0.41 (0.02, 0.79)* 
Gynoid % fat -0.15 (-0.41, 0.10) -0.16 (-0.42, 0.11) 0.40 (0.16, 0.64)** 0.30 (0.05, 0.54)* 
Visceral fat %  -0.17 (-0.62, 0.29) -0.17 (-0.64, 0.29) 0.60 (0.20, 1.01)** 0.42 (0.01, 0.82)* 
Total body fat % -0.18 (-0.50, 0.14) -0.18 (-0.51, 0.14) 0.53 (0.22, 0.83)** 0.39 (0.08, 0.70)* 



! "HV!

"#$%&!'(!)*+$,-./%$!
"#$%&!0(!1$,-./%$!2#3!+4%5!$%6378+/7#*!7*$%95!.&%%6!:-+&7/;!<=>?@!4&#A+&!.B#3%C5!$7%/+3;!%*%34;!7*/+D%!EF5!A#$;!2+/!G!43#-6!<%9B&-$7*4!A#$;!B#H6#.7/7#*!8+37+A&%.C!
I=!8+&-%!JKLKM5!I=!8+&-%!NKLK'5!II=!8+&-%!NKLKK'L!!"$+/+!O+.!A%%*!&#4!/3+*.2#3H%$!<!"CL!=+B727B5!6+3/7B76+*/.!PO#!7$%*/72;!+.!=+B727BL!QR!S-3#6%+*5!6+3/7B76+*/.!PO#!7$%*/72;!+.!Q%P!R%+&+*$!
S-3#6%+*L!TUV5!2+./7*4!T74OW$%*.7/;!&76#63#/%7*L!VUV5!2+./7*4!V#PW$%*.7/;!&76#63#/%7*L!QSX15!2+./7*4!*#*W%./%327%$!2+//;!+B7$.L!Y3745!2+./7*4!/374&;B%37$%.L!
Z%43%..7#*!B#%227B7%*/.!<[C!#A/+7*%$!23#H!&#4W/3+*.2#3H%$!$+/+!3%63%.%*/!3%&+/78%!$722%3%*B%.!+*$!P%3%!%963%..%$!+.!+!3+/7#!<A;!-.7*4!%#CL!



! "XQ!

C"A! @'%)$%%'+,--
?%7%60)*-!<%,)1#9'*!D).!/98896!)896&.0!9'*!+)*0#/#+)60.;!D#0,!)!7)#(-!)1%*)&%!9:!V=VP!)67!

"Q=G!,9'*.! :9*! !3)/#:#/!D98%6!D#0,!)!,#&,F!)67! (9DF@KL!*%.+%/0#1%(-;!)67! !V=VX!)67!V=XV!

,9'*.!:9*!!ABC!D98%6!D#0,!)!,#&,F!)67!(9DF@KL!*%.+%/0#1%(-I!/98+)*)<(%!09![)6)7#)6!)7'(0.!

2VF"Q!,9'*.!+%*!7)-!9:!?@!23*#6/%!%0!)(=;!^Q^Q5=!j9D%1%*;!)//%(%*98%0%*-!7)0)!:*98!0,%!k=?=!

A)0#96)(!j%)(0,!)67!A'0*#0#96!CJ)8#6)0#96!?'*1%-! 2Aj4AC?5! #67#/)0%! 0,)0! )++*9J#8)0%(-!
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)(=;!^QQE5;!D,#/,!#.!/96.#7%*)<(-!(%..!0,)6!9'*!+9+'()0#96=!k.#6&!)//%(%*98%0%*-!7)0);!@%)(%!%0!

)(=!!2^Q^Q5!#61%.0#&)0%7!)!+9+'()0#96!9:!AB!D98%6!2#6/('7#6&!3)/#:#/!)67!ABC5;!)67!:9'67!0,)0!

+)*0#/#+)60.!.+%60!)6!)1%*)&%!9:!W!,9'*.!G^!8#6Z7)-!#6!?@;!91%*!0D9!,9'*.!(%..!0,)6!D98%6!#6!

0,#.! .0'7-=! j9D%1%*! @%)(%! %0! )(=! 2^Q^Q5! 7#7! 690! *%+9*0! )//%(%*98%0%*! D%)*! 0#8%! )67! )(.9!

#6/('7%7! Nq9*#! D98%6;! D,#/,! 8)-! ,)1%! /960*#<'0%7! 09! 0,%! 7#::%*%6/%! #6! .%7%60)*-! 0#8%!

9<.%*1%7=!!

e%! :9'67! #6! ABC;! <'0! 690! 3)/#:#/! D98%6;! 0,%! +)00%*6! #6! D,#/,! .%7%60)*-! 0#8%! D).!

)//'8'()0%7;! %J+*%..%7! ).! D%#&,0%7! 8%7#)6! .%7%60)*-! <9'0! (%6&0,;! D).! )..9/#)0%7! D#0,! )!

,#&,%*!090)(;!&-69#7;!)67*9#7;!0*'6M!)67!1#./%*)(!@KL!).!D%((!).!<97-!D%#&,0;!D)#.0F!)67!,#+!
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N/3*)4jFO4</%,(-(!/;,4-./%/-,)%(',(-'4E+%4</-(E(-4/;84LM4$1%+!)/;4B+2);43&43+8&4E/,4D4
A%+1!4

Characteristic Pacific 
 

NZ European 
 <35% BF 

Mean (SD) 
!35% BF  
Mean (SD) 

<35% BF 
Mean (SD) 

!35% BF  
Mean (SD) 

n 62 57 85 74 
BMI (kg/m2) 
 
 

25.8 (3.9)†ö 35.6 (6.0) 22.5 (2.1) 33.7 (3.8) 
Underweight n (%) 0 (0) 0 (0) 1 (1) 0 (0) 
Normal weight n (%) 30 (48)†ö 2 (4) 73 (86)† 3 (4) 
Overweight n (%) 23 (37)†ö 5 (9) 9 (11) 3 (4) 
Obese n (%) 9 (15)†ö 50 (88) 2 (2)† 68 (92) 
Age (years) 25 (7)ö 25 (6)ö 30 (7)† 33 (7)  
Anthropometry      
Weight (kg) 73.5 (11.8)†ö  99.8 (18.0)  63.1 (7.62)† 94.4 (12.3)  
Height (cm) 168 (6.61)  168 (7.33)  167 (5.61)  167 (7.05) 
Total BF% (%) 30.2 (3.09)†ö 39.5 (3.41)  27.8 (4.46)† 41.2 (3.78)  
Visceral fat (%) 27.2 (5.59)†ö 39.6 (4.94)  22.2 (5.91) 

† 
39.7 (5.15)  

Waist circumference 79.6 (7.95)†ö 98.5 (13.1) 73.2 (5.75)† 98.0 (9.92) 
Sleep quality      
PSQI global score  6 (3) 6 (3) 5 (2)† 7 (3) 

Socioeconomic     
NZDep2013 7(3)ö  8(2)ö 4(2) 5(2) 

Metabolic health markers     
Plasma glucose (mmol.L) 5.31 (0.47)ö 5.48 (0.51) 5.12 (0.31)† 5.52 (0.46) 
HbA1c (mmol.mol) 32.2 (1.98)†ö 34.2 (2.93)ö 30.4 (2.19)† 31.6 (2.81)  
Plasma insulin (pmol/l )# 72.5 (1.74)†ö 123 (1.93)ö 40.7 (1.51)† 79.8 (1.61) 

Values are presented as mean (standard deviation) unless otherwise specified; #= geometric mean 
(standard deviation of geometric mean);   p< 0.05 for test comparing body fat groups within ethnic 
group. öp< 0.05 for test comparing between ethnic groups within body fat group; BMI, Body mass 
index; underweight (BMI < 18.5), normal (BMI ! 18.5 and < 25.0), overweight (BMI ! 25.0 and < 
30) and obesity (BMI ! 30.0). HbA1c, fasting blood glycated hemoglobin. NZDep2013, NZDep2013 
index of socioeconomic deprivation. BF, body fat; BMI, body mass index; PSQI, Pittsburgh sleep 
quality questionnaire; NZ, New Zealand  
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  Pacific NZ European 

 Reference 
range� 

<35% BF 
 

!35% BF 
 

<35% BF 
 

!35% BF 
 

n  62 57 85 74 
        Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Accelerometery      
Valid wear time per day (min/day)   948.6 (68.1) 953 (82.9)  930 (56.3) 930 (58.6)  
MVPA (min/day) 
 
From SB data set 

 23.8 (16.3)ö 19.2 (15.1)ö 39.1 (18.4)† 30.4 (19.2) 
Total daily PA (cpm)  585 (168)ö 596 (117) 718 (180) 652 (210) 
Meet PA guidelines n (%)  29 (47)ö 22 (39)ö 69 (81) 48 (65) 
Daily nutrient intake       
Energy (kJ/day)  9054 (2766) 8913 (2534) 8335 (1699) 8308 (1836) 
Energy (kJ/kg body weight)  125 (37)† 91 (28)† 133 (29)† 89 (20) 
CHO (g/day)  229 (77.8)ö 225 (73.0)ö 181 (54.6) 188 (56.2) 

CHO %‡  
 (45Ð65%) * 

45Ð65% TE* 43.0 (6.5)ö 42.8 (6.1)ö 36.9 (8.4) 38.9 (9.0) 
Participants meeting CHO AMDR* n (%)   24 (39)ö 23 (40) 14 (16) 20 (27) 
Participants above CHO AMDR* n (%)  0 (0) 0 (0) 0 (0) 0 (0) 
Participants below CHO AMDR* n (%)  38 (61)ö 34 (60) 71 (84) 53 (72) 
Sugars¥ (g)  94.8 (38.9)ö 91.9 (42.3)ö 77.8 (26.5) 82.6 (30.6) 
Sugars¥ %‡(g)  17.8 (5.0) 17.5 (5.5) 16.0 (4.9) 17.2 (6.1) 
Starch (g)  134 (47.5)ö 

cccccc()(47.5)132.7 
133 (43.3)ö 103 (40.2) 105 (34.0) 

Starch %‡  25.2 (4.2)ö 25.4 (4.6)ö 20.8 (6.5) 21.7 (5.8) 
Fibre (g) ! 25g/day 19.8 (7.4)ö 19.2 (7.0) 26.2 (9.4)† 22.1 (6.8) 
Protein (g)  84.5 (28.1) 86.2 (25.3) 85.3 (18.7) 85.0 (19.0) 
Protein %‡  15Ð25% TE* 16.0 (3.4)ö 16.7 (3.4) 17.7 (3.6) 17.6 (3.3) 
Participants meeting protein AMDR* n 
(%) 

 36 (58) 36 (63) 65 (76) 57 (77) 
Participants above Protein AMDR* n (%)  3 (5) 1 (2) 2 (2) 1 (1) 

Participants below Protein AMDR* n (%)  23 (37) 20 (35) 18 (21) 16 (22) 
Total fat (g/day)  93.6 (30.7) 93.8 (30.6) 90.4 (27.2) 100 (30.9) 
Total fat %‡  20Ð35% TE* 38.3 (4.9) 38.7 (4.8) 39.9 (7.7) 39.8 (7.9) 



! "EG!

  Pacific NZ European 

 Reference 
range� 

<35% BF 
 

!35% BF 
 

<35% BF 
 

!35% BF 
 

Participants meeting fat AMDR* n (%)  14 (23) 14 (25) 22 (26) 17 (23) 
Participants above fat AMDR* n (%)  48 (77) 43 (75) 63 (74) 57 (77) 
Participants below fat AMDR* n (%)  0 (0) 0 (0) 0 (0) 0 (0) 
Saturated fat (g)   36.2 (13.6) 36.9 (13.4) 33.1 (12.2) 36.6 (14.9) 
Saturated fat %‡ "#$%&!'( 14.7(2.5) 15.2 (2.8) 14.6 (4.0) 15.9 (4.1) 
Monounsaturated fat (g)  34.9 (11.9) 35.3 (12.6) 33.7 (10.4) 32.8 (11.4) 
Monounsaturated fat %‡  14.3 (2.3) 14.6 (2.8) 14.9 (3.4) 14.4 (3.4)  
Polyunsaturated fat (g)  12.7 (4.6) 11.8 (4.8) 14.0 (6.2) 12.2 (5.8) 
Polyunsaturated fat %‡  5.3 (1.5)ö 4.9 (1.7) 6.2 (1.9)   5.3 (1.9) 
Iron (mg) 18 mg/day! 11.9 (4.2) 11.6 (4.0) 12.9 (3.8)   11.0 (3.1) 
Vitamin B12 (ug) 2.4 ug/day 3.88 (1.6) 4.52 (2.11) 3.50 (1.56) 3.97 (2.18) 
Iodine (ug) 150 ug/day 173 (552) 90.7 (42.5) 119 (98.9) 122 (162) 

Calcium (mg) 1000 mg/day 681 (257)ö 254 (250)ö 892 (286) 875 (281) 

  p< 0.05 for test comparing BF% groups within ethnic group; öp< 0.05 for test comparing between ethnic groups within BF% group. PA, physical activity. 
MVPA, moderate to vigorous physical activity. *AMDR, Acceptable macronutrient distribution range (National Health and Medical Research Council, 
2006). �  (National Health and Medical Research Council, 2006) reference ranges. BF, body fat. CHO, carbohydrate. à Percentage energy from macronutrients 
calculated as % of total energy intake. ´ includes all free and added sugars
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NZ, New Zealand; PA, physical activity; MVPA, moderate to vigorous physical activity. 
Model adjusted for age, NZDep2013 and sleep quality (global PSQI score); *p<0.05, **p< 0.01, 
*** p<0.001;  Meets PA guidelines = participates in !150 minutes of moderate intensity activity per 
week (Ministry of Health New Zealand, 2020) . Reference group = meeting the PA guidelines; 
Comparison group = not meeting PA guidelines). ´ includes all free and added sugars. NZDep2013, 
NZ Deprivation Index 2013 ((Atkinson J, 2014). BF, body fat. CHO, carbohydrate. ÜAMDR, 
acceptable macronutrient distribution range (National Health and Medical Research Council, 2006). à 
Percentage energy from macronutrients calculated as % of total energy intake.  
!
!

>)<(%!X=P!+*91#7%.!0,%!977.!9:!8%%0#6&!0,%!34!&'#7%(#6%.!:9*!+)*0#/#+)60.!#6!0,%!(9D%.0!_')*0#(%!

9:!6'0*#%60!#60)M%!/98+)*%7!09!0,%!09+!0,*%%!_')*0#(%.=!4896&!AB!C'*9+%)6!D98%6!0,%!977.!

9:!8%%0#6&!0,%!34!&'#7%(#6%.!D).!PGL!2!`Q=Q^"5!(9D%*!)896&!D98%6!D,9!D%*%!#6!0,%!(9D%.0!

_')*0#(%!9:! :#<*%! #60)M%! /98+)*%7! 09! 0,%! 09+! 0,*%%!_')*0#(%.=!4896&!)((!D98%6! 0,%!977.!9:!

8%%0#6&!0,%!34!&'#7%(#6%.!D).!^EL!2!`Q=QQE5!(9D%*!)896&!D98%6!D,9!D%*%!#6!0,%!(9D%.0!



! "EX!

_')*0#(%!9:! :#<*%! #60)M%! /98+)*%7! 09! 0,%! 09+! 0,*%%!_')*0#(%.=!4896&!)((!D98%6! 0,%!977.!9:!

8%%0#6&!0,%!34!&'#7%(#6%.!D).!P"L!2!`Q=QPE5!,#&,%*!)896&!D98%6!D,9!D%*%!#6!0,%!(9D%.0!

_')*0#(%!9:!.0)*/,!2).!)!L!9:!090)(!%6%*&-!#60)M%5!#60)M%!/98+)*%7!09!0,%!09+!0,*%%!_')*0#(%.=!

>,%*%!D).!)!7%/*%).%7!977.!9:!8%%0#6&! 0,%!34!&'#7%(#6%.!)896&!D98%6!D,9!D%*%! #6! 0,%!

(9D%.0!_')*0#(%!9:!+9(-'6.)0'*)0%7!:)0!#60)M%;!+)*0#/'()*(-!3)/#:#/!D98%6;!D,%6!8%).'*%7!).!)!

L!9:!090)(!%6%*&-!#60)M%!2)((!D98%6!R$!Q=WX;!!`Q=Q^W!)67!3)/#:#/!D98%6!R$!Q=XW;!!`Q=QPQ5=!

N#/*96'0*#%60!7#%0)*-!#60)M%.!2#*96;!1#0)8#6!@$#!)67!#97#6%5!D%*%!690!.#&6#:#/)60(-!)..9/#)0%7!

D#0,! 8%%0#6&! 0,%! 34! &'#7%(#6%.=! >,%*%! D%*%! 69! :'*0,%*! .#&6#:#/)60! )..9/#)0#96.! <%0D%%6!

8)/*96'0*#%60!#60)M%!)67!8%%0#6&!0,%!34!&'#7%(#6%.=!

F"C! @'%)$%%'+,-
>,#.!.0'7-!)#8%7!09!#61%.0#&)0%!D,%0,%*!8%%0#6&!6'0*#%60!#60)M%!#.!)..9/#)0%7!D#0,!8%%0#6&!0,%!

34! &'#7%(#6%.;! #6! 3)/#:#/! )67! ABC! D98%6;! D#0,! (9DF! 2ÜPHL5! 9*! ,#&,F@KL! 2OPHL5=! >,%!

:#67#6&.!9:!0,#.!.0'7-;!#67#/)0%!0,)0!)896&!<90,!3)/#:#/!)67!ABC!D98%6;!0,%*%!)*%!8#6#8)(!

)..9/#)0#96.! <%0D%%6! 7#%0)*-! 6'0*#%60! #60)M%! )67! 8%%0#6&! 0,%! 34! &'#7%(#6%.=! j9D%1%*;! )6!

#60%*%.0#6&!:#67#6&!D).!0,%!7%/*%).%7!977.!9:!8%%0#6&!0,%!34!&'#7%(#6%.!)896&!D98%6!D,9!

D%*%!#6!0,%!(9D%.0!_')*0#(%!9:!:#<*%!#60)M%!/98+)*%7!09!0,%!09+!0,*%%!_')*0#(%.!2ABC!D98%6!R$!

Q=XX;!!`Q=Q^"!)67!)((!D98%6!R$!Q=W^;!!`Q=QQE5;!).!+*%1#9'.!:#67#6&.!:*98!0,%!3$RNa?C!

.0'7-!:9'67!7#%0)*-!:#<*%!09!<%!)6!#67#/)09*!9:!7#%0!_')(#0-!2$%6)((;!^Q^Q5=!e,#(%!.98%!.0'7#%.!

.'&&%.0!0,)0!)/0#1%!+%9+(%!0%67!09!%)0!,%)(0,#%*!7#%0.!2C(7%*!)67!$9<%*0.;!^QQW5;!0,%*%!)*%!)(.9!)!

(90!9:!7#./*%+)6/#%.! :9'67! #6! 0,%! (#0%*)0'*%!%J)8#6#6&! 0,%!/9**%()0#96.!<%0D%%6! 0,%.%!,%)(0,!

<%,)1#9'*.=! ?+9*0F#619(1%7! 8)(%.! D%*%! :9'67! 09! ,)1%! )! ,#&,%*! 8%)6! 7)#(-! %6%*&-! #60)M%!

2M/)(Z7)-5! D,%6! /98+)*%7! 09! 696F.+9*0F#619(1%7! 8)(%.;! ,9D%1%*! .#8#()*! 09! 0,#.! .0'7-].!

:#67#6&.;!69!7#::%*%6/%!D).!:9'67!#6!0,%!:%8)(%!&*9'+!2[*9((!%0!)(=;!^QQX5=![*9((!%0!)(=!2^QQX5!

)(.9!:9'67!69!7#::%*%6/%!#6!8%)6!090)(!:)0;!+*90%#6!)67!#*96!<%0D%%6!.+9*0F#619(1%7!:%8)(%.!)67!

696F.+9*0F#619(1%7! :%8)(%.=! >,%-! 7#7! :#67! )! .#&6#:#/)60! 7#::%*%6/%! #6! [jR! #60)M%! ).! )!

+%*/%60)&%!9:!>C!<%0D%%6!D98%6!+)*0#/#+)0#6&!#6!+9D%*!0%)8!.+9*0.!/98+)*%7!09!696F.+9*0F

#619(1%7!:%8)(%.=!j9D%1%*!0,#.!7#::%*%6/%!D).!96(-!"L!0,%*%:9*%!'6(#M%(-!09!,)1%!)6-!/(#6#/)(!

.#&6#:#/)6/%=! e,#(.0! 0,%! /'**%60! .0'7#%.! :9'67! 69! )..9/#)0#96! <%0D%%6! /)(/#'8! #60)M%! ! )67!

8%%0#6&!0,%!34!&'#7%(#6%.;![*9((!%0!)(=!2^QQX5!*%+9*0%7!8%)6!/)(/#'8!09!<%!.#&6#:#/)60(-!(9D%*!

:9*!696ã.+9*0F#619(1%7!:%8)(%.!0,)6!.+9*0F#619(1%7!:%8)(%.=!j9D%1%*!.#8#()*!09!0,%!/'**%60!

.0'7-!8%)6!/)(/#'8!#60)M%!#6!<90,!&*9'+.!D).!'67%*!0,%!*%/988%67%7!7)#(-!#60)M%!:9*!0,%#*!

+9+'()0#96! 2";PQQ! 8&5= 4! .0'7-! #6! 4:*#/)6F48%*#/)6! &#*(.! )(.9! :9'67! >C! #60)M%! D).! 690!

.#&6#:#/)60(-!)..9/#)0%7!D#0,!34!2d)&9!%0!)(=;!^QQG5;!,9D%1%*!):0%*!/960*9((#6&!:9*!,9'.%,9(7!



! "EW!

#6/98%;!8)0%*#)(!+9..%..#96.;!:#%(7!/%60*%;!)67!090)(!/)(9*#/!/96.'8+0#96!2@Na!D).!:9'67!09!

<%! )! 696F.#&6#:#/)60! /96:9'67%*! 0,%*%:9*%! 690! #6/('7%7! #6! 0,%! 897%(.5;! 34! 2)//%(%*98%0%*!

/9'60.!+%*!8#6'0%;!8#6'0%.!9:!NS34;!)67!8%)6!NC>?!+%*!8#6'0%5!D).!6%&)0#1%(-!)..9/#)0%7!

D#0,!0,%!+%*/%60!9:!/)(9*#%.!/96.'8%7!:*98!090)(!:)0!2d)&9!%0!)(=;!^QQG5=!4(0,9'&,!0,%!/'**%60!

.0'7-! :9'67!69!)..9/#)0#96!<%0D%%6!8%%0#6&! 0,%!34!)67! :)0! #60)M%;! )896&!3)/#:#/!D98%6;!

8%%0#6&! 0,%!34!&'#7%(#6%.!D).!)..9/#)0%7!D#0,!,#&,%*!+9(-'6.)0'*)0%7! :)0! #60)M%! 0,)6! 0,%#*!

/9'60%*+)*0.!D,9!7#7!690!8%%0! 0,%!34!&'#7%(#6%.=!k6:9*0'6)0%(-;! d)&9!%0!)(=! 2^QQG5!7#7!690!

:'*0,%*! #61%.0#&)0%! 0,%! 7#::%*%60! 0-+%.! 9:! :)0! 2.)0'*)0%7! )67! 8969F! )67! +9(-'6.)0'*)0%75!

0,%*%:9*%!D%!/)6690!/98+)*%!09!0,#.!:#67#6&=!!

$%.'(0.!9:!0,%!/'**%60!.0'7-!)(.9!*%1%)(%7!7#::%*%6/%.!<%0D%%6!%0,6#/!)67!@KL!&*9'+.!#6!<90,!

6'0*#%60!#60)M%!)67!34!0,)0!)*%!#60%*%.0#6&!09!7#./'..!#6!*%()0#96!09!8%0)<9(#/!,%)(0,=!K#*.0(-;!D%!

)/M69D(%7&%;!/*9..F.%/0#96)(!7%.#&6.!)*%!.'./%+0#<(%!09!*%1%*.%!/)'.)(#0-=!4.!34!)67Z9*!7#%0!

<%,)1#9'*!8)-!/,)6&%!<%/)'.%!9:!9<%.#0-!0,%*%:9*%!/)'0#96!8'.0!<%!0)M%6!D,%6!#60%*+*%0#6&!

0,%.%! *%.'(0.=!K'*0,%*89*%;! #6! 0,%!+*%.%60! .0'7-;! 6'0*#%60! +*9:#(%! *)0,%*! 0,)6! :997!9*! 7#%0)*-!

+)00%*6.!D).!)..%..%7;!0,%*%:9*%!D%!/)6690!.)-!D,)0!:997.!0,%!6'0*#%60.!)*%!/98#6&!:*98!2%=&=;!

090)(!.'&)*.Y!0,%*%!#.!)!.'<.0)60#)(!7#::%*%6/%!<%0D%%6!0,%!6'0*#%60!7%6.#0-!9:!:*'#0!0,)0!/960)#6.!

6)0'*)((-!9//'**#6&!.'&)*.!)67!)!8'%.(#!<)*!D#0,!)77%7!.'&)*5=!e%!79!690!D)60!09!91%*.#8+(#:-!

)!/98+(%J!.-.0%8!)67!)/M69D(%7&%!6'0*#%60.!)*%!96(-!96%!9:!0,%!)00*#<'0%.!9:!9'*!7#%0!0,)0!)*%!

*%(%1)60!09!,%)(0,=!>,%*%:9*%;!D,%6!#60%*+*%0#6&!0,%.%!*%.'(0.;!D%!/)6!96(-!+*91#7%!#6.#&,0!#609!

D,-!0,%!6'0*#0#96)(!/98+9.#0#96!9:!)!7#%0!8)-!<%!<%6%:#/#)(!:9*!8%0)<9(#/!,%)(0,=!e,#(.0!69!

7#::%*%6/%.! #6!7#%0)*-! %6%*&-! #60)M%!D%*%! :9'67!<%0D%%6!3)/#:#/! )67!ABC!D98%6!9*!@KL!

&*9'+;!3)/#:#/!D98%6].!7#%0)*-! #60)M%!7#::%*.!:*98!ABC;!D#0,!.#&6#:#/)60(-!2!ÜQ=QH5!,#&,%*!

/)*<9,-7*)0%! #60)M%!/960*#<'0#6&! 09!>C! #60)M%=! !K#*.0(-;!)(0,9'&,!3)/#:#/!D98%6!,)7!,#&,%*!

/)*<9,-7*)0%! #60)M%! D,%6! /98+)*%7! 09! ABC! D98%6;! D,%6! /98+)*#6&! 09! 0,%! 4NT$! :9*!

/)*<9,-7*)0%!2GHnXHL5;!<90,!%0,6#/!&*9'+.!7#7!690!/96.'8%!()*&%!)89'60.!9:!/)*<9,-7*)0%=!

4//9*7#6&!09!0,%!4NT$.!3)/#:#/!D98%6!D%*%!/96.'8#6&!)7%_')0%!/)*<9,-7*)0%!D,#(.0!ABC!

D98%6! .%%8! 09! <%! /96.'8#6&! 89*%! 9:! )! (9D! /)*<9,-7*)0%! ,#&,! :)0! 7#%0=! e,%6! <*%)M#6&!

/)*<9,-7*)0%.!79D6!#609!#0.!/96.0#0'%60.!0,#.!7#::%*%6/%!#6!/)*<9,-7*)0%!#60)M%!D).!:*98!.0)*/,!

*)0,%*! 0,)6! .'&)*.=!4.! )! +%*/%60)&%! 9:!>C! #60)M%!3)/#:#/!D98%6].!8%)6! .0)*/,! #60)M%!D).!

,#&,%*!0,)6!ABC!D98%6!D,%*%).!0,%*%!D).!69!7#::%*%6/%!#6!.'&)*!#60)M%!).!)!+%*/%60)&%!9:!>C!

#60)M%!<%0D%%6!%0,6#/!&*9'+.=!K'*0,%*;!:#<*%!#60)M%!D).!+)*0#/'()*(-!(9D;!96(-!8%)6!#60)M%!9:!

0,%!ABC!D98%6!#6!0,%!(9DF@KL!&*9'+.!D).!)<91%!0,%!*%/988%67%7!7)#(-!#60)M%!2$Ta5!9:!

^H&Z7)-=!>,#.!#.!#6!)&*%%8%60!D#0,!N%0/)(:!%0!)(!2^QQE5;!D,9!)(.9!:9'67!0,)0!/98+)*%7!09!ABC;!



! "EE!

3)/#:#/!D98%6! ,)7! (9D%*! #60)M%.! 9:! :#<*%! )67! ,#&,%*! #60)M%.! 9:! .0)*/,;!D,%6! %J+*%..%7! #6!

*%()0#96!09!090)(!%6%*&-!#60)M%=!N%)6!.'&)*!#60)M%.!D%*%!)<91%!"HL!9:!090)(!%6%*&-!:9*!)((!:9'*!

&*9'+.=!e,#(.0!0,%!ejR!*%/988%67.!#60)M%!9:!:*%%!.'&)*.!09!<%!Ü"QL!9:!090)(!%6%*&-!#60)M%;!

#6!0,#.!.0'7-!96(-!090)(!.'&)*!#60)M%!D).!)..%..%7!0,%*%:9*%!'6:9*0'6)0%(-!#0!/)6690!<%!/98+)*%7!

09!0,#.!&'#7%(#6%=![)*<9,-7*)0%!#60)M%;!.+%/#:#/)((-!#6/*%).%7!.'&)*!)67!(9D!:#<*%;!/)6!<%!)!M%-!

/960*#<'09*!09!>^T!24:.,#6!%0!)(=;!^Q"V5;!).!)*%!(9D!(%1%(.!9:!34!2e9*(7!j%)(0,!R*&)6#.)0#96;!

^Q"W5=!3)/#:#/!D98%6!)67!ABC!D98%6!D#0,!,#&,F@KL!,)7!.#&6#:#/)60(-!,#&,%*!j<4"/!)67!

:).0#6&!#6.'(#6!/96/%60*)0#96.!D,%6!/98+)*%7!09!ABC!D98%6!D#0,!(9DF@KL=!j#&,F@KL!#.!

M69D6!09!8%7#)0%!8%0)<9(#/!9'0/98%.!.'/,!).!>^T!2i',!%0!)(=;!^QQV5;!)67!3)/#:#/!D98%6!)*%!

)!,#&,!8%0)<9(#/!7#.%).%!*#.M!+9+'()0#96!D#0,!V=HL!7#)&69.%7!D#0,!>^T!2N#6#.0*-!9:!j%)(0,!

A%D!B%)()67;!^Q^"5=!>,%*%:9*%;!/96.#7%*#6&!/)*<9,-7*)0%!:997.!)*%!0,%!8)#6!7#%0)*-!.9'*/%!9:!

:#<*%!<'0!)(.9!9:!.'&)*!D,#/,!/)6!<%!)!/960*#<'09*!09!>^T!24:.,#6!%0!)(=;!^Q"V5;!#0!D9'(7!<%!

#60%*%.0#6&!09!7%0%*8#6%!0,%!8)#6!:997!.9'*/%.!9:!%)/,!6'0*#%60;!#6!+)*0#/'()*!:#<*%;!.0)*/,!)67!

.'&)*=!K9*!%J)8+(%;!#:!8)#6!.9'*/%.!9:!.0)*/,!)*%!(9D!:#<*%!'(0*)F+*9/%..%7!:997.!.'/,!).!D,#0%!

<*%)7.!)67!.D%%0%6%7!<*%)M:).0!/%*%)(.;!0,#.!D9'(7!<%!89*%!/96/%*6#6&!:9*!8%0)<9(#/!,%)(0,!

/98+)*%7!09!696F+*9/%..%7!,#&,%*!:#<*%!.0)*/,-!:997.!.'/,!).!Mù8)*)!)67!+90)09%.=!?#8#()*(-;!

#:!0,%!8)#6!:997!.9'*/%!9:!.'&)*.!#.!:*98!:997.!D#0,!6)0'*)((-!9//'**#6&!.'&)*.!0,)0!)(.9!/960)#6!

:#<*%!.'/,!).!:*'#0!0,#.!D9'(7!<%!(%..!/96/%*6#6&!:9*!8%0)<9(#/!,%)(0,!/98+)*%7!09!:997.!D#0,!

)77%7Z:*%%!.'&)*.!2<'0!69!:#<*%5!.'/,!/96:%/0#96)*-=!a0!#.!#8+9*0)60!09!690%!0,)0!+)*0#/#+)60.!#6!

0,#.!.0'7-!D%*%!)!/961%6#%6/%!.)8+(%!9:!D98%6!(#1#6&!#6!4'/M()67!AB;!D,#/,!79%.!(#8#0!0,%!

&%6%*)(#.)<#(#0-!9:!0,%!:#67#6&.=!>,%*%:9*%;!:'0'*%!.0'7#%.!.,9'(7!%J+(9*%!0,%.%!*%()0#96.,#+.!#6!

90,%*!+9+'()0#96.!.'/,!).!#6!8%6!)67!#6!7#::%*%60!)&%;!@Na!)67!%0,6#/!&*9'+.!D#0,#6!7#::%*%60!

*%&#96.=!!

>,%!+*%.%60!.0'7-!)(.9!.'++9*0.!%1#7%6/%!0,)0!7#::%*%6/%.!#6!8%0)<9(#/!7#.%).%!*#.M!<%0D%%6!

3)/#:#/!)67!ABC!D98%6!)*%!)..9/#)0%7!D#0,!7#::%*%6/%.!#6!(%1%(!9:!7%+*#1)0#96=!4.!8%60#96%7!

+*%1#9'.!:#67#6&.!:*98!0,%!3$RNa?C!.0'7-!:9'67!7#%0)*-!:#<*%!09!<%!)6!#67#/)09*!9:!7#%0!_')(#0-!

2$%6)((;!^Q^Q5=!a6!0,#.!.0'7-;!0,%!ABC!(9DF@KL!&*9'+!D%*%!+)*0#/#+)0#6&!#6!0,%!89.0!34!)67!

/96.'8#6&!)!7#%0!D#0,!0,%!89.0!:#<*%=!!>,%-!)(.9!,)7!0,%!(9D%.0!j<4"/;!:).0#6&!+().8)!#6.'(#6!

)67!&('/9.%!/96/%60*)0#96.;! (9D%.0! 090)(!@KL!)67!1#./%*)(!@KL;! #67#/)0#6&! 0,%#*!8%0)<9(#/!

,%)(0,!*#.M!8)-!<%!(9D%*!0,)6!3)/#:#/!D98%6!)67!ABC!D98%6!D#0,!)!,#&,F@KL=!A%D!B%)()67!

C'*9+%)6!D98%6!#6!0,%!(9DF@KL!&*9'+!)(.9!,)7!)!(9D%*!(%1%(!9:!7%+*#1)0#96!/98+)*%7!09!)((!

90,%*!&*9'+.=!a6!/98+)*#.96!0,%!,#&,%.0!7%+*#1)0#96!&*9'+!D).!3)/#:#/!D98%6!D#0,!)!,#&,F

@KL=! e98%6! #6! 0,#.! &*9'+! )(.9! ,)7! 0,%! ,#&,%.0! j<4"/! )67! :).0#6&! +().8)! #6.'(#6!



! "EV!

/96/%60*)0#96.;!+)*0#/#+)0%7!#6!0,%!(%).0!NS34!)67!,)7!0,%!(9D%.0!+%*/%60!9:!D98%6!8%%0#6&!

0,%!34!&'#7%(#6%.!2PVL5!)67!)(96&.#7%!ABC!,#&,F@KL!,)7!0,%!,#&,%.0!090)(!)67!1#./%*)(!@KL=!

4((!0,%.%!*%.'(0.!.'&&%.0!0,%-!)*%!)!,#&,%*!8%0)<9(#/!7#.%).%!*#.M!&*9'+=!?0'7#%.!,)1%!:9'67!

0,)0!+%9+(%!D,9!(#1%!#6!89*%!7%+*#1%7!/988'6#0#%.!,)1%!*%7'/%7!:997!.%/'*#0-;!:9*!%J)8+(%!!

+99*%*!)//%..!09!:*'#0!)67!1%&%0)<(%.!2C)&(%!%0!)(=;!̂ Q"^;!['88#6.!)67!N)/#60-*%;!̂ QQX5;!D,#/,!

/9'(7!(%)7!09!)!+99*%*!7#%0!_')(#0-=!>,%!^QQEZQV!AB!A)0#96)(!A'0*#0#96!?'*1%-!,#&,(#&,0%7!0,)0!

3)/#:#/!D98%6!D%*%!6%)*(-!0,*%%!0#8%.!89*%!(#M%(-!09!(#1%!#6!)!,9'.%,9(7!0,)0!,)7!(9D!:997!

.%/'*#0-! /98+)*%7! 09! 696F3)/#:#/! D98%6! 2N#6#.0*-! 9:! j%)(0,! A%D! B%)()67;! ^Q"^5=! 4!

.-.0%8)0#/!*%1#%D!:9'67!(9D%*!_')(#0-!7#%0.;!%=&=!,#&,!#6!.)0'*)0%7!:)0;!)77%7!.'&)*;!)67!.97#'8;!

).!D%((!).!%6%*&-!7%6.%!:997.!D%*%!/,%)+%*!96!)!+%*FM#(9f9'(%!<).#.!D,%6!/98+)*%7!09!,#&,%*!

_')(#0-!7#%0.!2/98+*#.%7!9:!<%6%:#/#)(!6'0*#%60.!#6/('7#6&!+*90%#6;!:#<*%;!1#0)8#6.;!)67!8#6%*)(.5!

2T)*896!)67!T*%D69D.M#;!̂ Q"H5=!>,%-!)(.9!:9'67!(9D%*!#6/98%!&*9'+.!0%67!09!.%(%/0!/,%)+%*!

)67!89*%!%6%*&-!7%6.%!7#%0.;!9:0%6! ()/M#6&!:*'#0!)67!1%&%0)<(%.!2T)*896!)67!T*%D69D.M#;!

^Q"H5=! ?+%/#:#/)((-! #6! AB;! (#1#6&! #6! 0,%! 89.0! 7%+*#1%7! )*%).! 7%/*%).%.! 0,%! (#M%(#,997! 9:!

/96.'8#6&!0,%!*%/988%67%7!7)#(-!.%*1#6&.!9:!:*'#0!)67!1%&%0)<(%.!<-!PPL;!#6!/98+)*#.96!09!

#67#1#7')(.! (#1#6&! #6! 0,%! (%).0! 7%+*#1%7! )*%).! 2N#6#.0*-! 9:! j%)(0,! A%D! B%)()67;! ^Q^"5=!

K'*0,%*89*%;! (#1#6&! #6! 7%+*#1%7! /988'6#0#%.! /)6! )(.9! /)'.%! #.9()0#96! :*98! 34! +*9890#6&!

%61#*968%60.!2%=&=!.):%!+()/%.!09!%J%*/#.%;!.):%!.#7%!D)(M.;!<#M%!+)0,.!)67!+)*M.5!2K*#%(!%0!)(=;!

^QQW5=!477#6&! 09! 0,#.;! ,#&,%*! (%1%(! 9:! 7%+*#1)0#96! #6! %)*(-! -%)*.! 9:! 7%1%(9+8%60;! ,).! <%%6!

(#6M%7!09!*%7'/%7!7%1%(9+8%60!9:!+)*0.!9:!0,%!<*)#6!0,)0!/960*#<'0%!09!*%&'()0#96!)67!/960*9(!9:!

<%,)1#9'*.!)67! 0,9'&,0.! 2N)*0%)'!)67!j)((;!^Q"P5=!>,#.! #6/('7%.! (%1%(!9:!/9&6#0#1%!/960*9(!

91%*!+)*0#/#+)0#96!#6!34!)67!7#%0;!*%#0%*)0#6&!0,)0!+%9+(%!D,9!(#1%!#6!89*%!7%+*#1%7!)*%).!)*%!

#6!)!89*%!7#.)71)60)&%7!+9.#0#96;!D#0,!(%..!*%.9'*/%.!09!/98<)0!9<%.#0-!)67!+99*!8%0)<9(#/!

,%)(0,!2U#!%0!)(=;!^Q"G;!K*#%(!%0!)(=;!^QQW5=!>,'.;!7%+*#1)0#96!.,9'(7!)(D)-.!<%!/96.#7%*%7!D,%6!

7%1%(9+#6&!9*!*%:#6#6&!)6-!+'<(#/!,%)(0,!#6#0#)0#1%!:9/'.%7!96!7#%0!)67!34=!!

>,%! 9<f%/0#1%! 8%).'*%8%60! 9:! 34! #.! )! .0*%6&0,! 09! 0,#.! .0'7-=! j9D%1%*;! D,%6! D%)*#6&! )6!

)//%(%*98%0%*;!.98%!#67#1#7')(.!79!/,)6&%!0,%#*!34!<%,)1#9'*.;!%.+%/#)((-!96!0,%!:#*.0!7)-!9:!

896#09*#6&! 2@)'8)66! %0! )(=;! ^Q"E5=! ! T)0)! :*98! 0,%! :#*.0! )67! ().0! 7)-.! 9:! 896#09*#6&! D%*%!

*%891%7!:*98!)6)(-.#.!09!)//9'60!:9*!0,#.=!a6!)77#0#96;!#0!#.!*%/9&6#.%7!0,)0!D98%6!)*%!89*%!

(#M%(-!09!'67%**%+9*0!7#%0)*-!#60)M%!D,%6!/98+)*%7!09!8%6;!)67!'67%*!*%+9*0#6&!#.!)(.9!89*%!

+*%1)(%60! )896&! #67#1#7')(.! D#0,! 9<%.#0-! 9*! D,9! )*%! 91%*D%#&,0! D,%6! /98+)*%7! 09! (%)6!

.'<f%/0.!24*/,'67#)!j%**%*)!)67![,)6;!^Q"E5=!e%!8#6#8#.%7!0,#.!(#8#0)0#96!<-!*%891#6&!)((!

+)*0#/#+)60.! *%+9*0#6&! )6! %6%*&-! #60)M%! (%..! 0,)6!^"QQ!MdZ7)-! 2e#((%00;! ^Q"^5! )67! *%1#%D%7!



! "VQ!

HTK$].!:9*!+()'.#<(%!#60)M%.=!4(.9;!D%!/,9.%!09!'.%!:997!*%/9*7.!%.0#8)0%7!D#0,!,9'.%,9(7!

8%).'*%.!).!0,%-!/)'.%!(%..!7#.*'+0#96!09!+)*0#/#+)60.!69*8)(!%)0#6&!+)00%*6.!)67!:997!,)<#0.!

0,)6! 0,%! D%#&,#6&! 9:! :997I! 0,'.;! (#M%(-! /)+0'*#6&! )! <%00%*! *%:(%/0#96! 9:! ,)<#0')(! #60)M%! ).!

9++9.%7!09!)!*%:(%/0#96!9:!)/0')(!#60)M%!7'*#6&!0,%!*%/9*7FM%%+#6&!+%*#97!)(96%=!

>#8%!.+%60!#6!34!)67!090)(!)89'60!9:!34!)*%!96(-!96%!).+%/0!9:!34=!3,-.#/)(!)/0#1#0-!)(.9!

%6/98+)..%.!0-+%!)67!#60%6.#0-!9:!)/0#1#0-=!R]@*#%6!%0=!)(!2^Q"V5!,)1%!.,9D6!0,%!0-+%!9:!34!

3)/#:#/!)67!ABC!D98%6!/,99.%!09!%6&)&%!#6!7#::%*.!2RÄ@*#%6!%0!)(=;!^Q"V5=!e,#(.0!<90,!%0,#/!

&*9'+.! *%+9*0%7! ,#&,! +)*0#/#+)0#96! #6! D)(M#6&;! 3)/#:#/! D98%6! )(.9! *%+9*0%7! 8'.#/! )67!

7)6/%!)896&! 0,%#*! 09+! :9'*! )/0#1#0#%.! )67! ABC! 8)#6(-! 099M! +)*0! #6! o&-8y0-+%!

)/0#1#0#%.p2RÄ@*#%6!%0!)(=;!^Q"V5=!!

>9&%0,%*!D#0,!6'0*#%60.!9'*!7#%0!#.!)<9'0!:997!)67!7#%0)*-!+)00%*6.;!#6/('7#6&!8%)(.!)67!D)-.!

9:! %)0#6&! .'/,! ).! .9/#)(! )67! /'(0'*)(! ).+%/0.! 9:! 9'*! 7#%0=! [98<#6%7! 0,%-! ,)1%! #8+9*0)60!

#8+(#/)0#96.!:9*!'67%*.0)67#6&!,9D!7#%0!/)6!#8+*91%!,%)(0,!)67!+*%1%60!7#.%).%!2>)+.%((!%0!)(=;!

^Q"X5=!a0!D9'(7!<%!#60%*%.0#6&!:9*!:'0'*%!*%.%)*/,!09!#61%.0#&)0%!0,%!*%()0#96.,#+!<%0D%%6!:997.!

/96.'8%7! 9*! 7#%0)*-! +)00%*6.! )67! 34! #6! 0,#.! +9+'()0#96=! >,#.! D9'(7! ,%(+! #8+*91%! 9'*!

'67%*.0)67#6&!9:!0,%!*%()0#96.,#+!<%0D%%6!:997!/,9#/%!)67!34!D#0,#6!0,#.!,#&,!23)/#:#/5!)67!

897%*)0%!2ABC5!8%0)<9(#/!7#.%).%!*#.M!+9+'()0#96=!

!

F"F! M+,)?$%'+,%-
>,%*%! D).! )! ()/M! 9:! )..9/#)0#96! <%0D%%6! 6'0*#%60! #60)M%! )67! 8%%0#6&! 0,%! 34! &'#7%(#6%.!

9<.%*1%7!#6!0,%!+*%.%60!.0'7-=![96.#7%*#6&!0,%!/'**%60!.0'7-!)67!+*%1#9'.!*%.%)*/,!,)1%!.,9D6!

7#%0)*-!)67!34!+)00%*6.!7#::%*!<%0D%%6!%0,6#/!&*9'+.;!#6!+)*0#/'()*!3)/#:#/!)67!ABC!D98%6;!

0,%! 6%J0! (9&#/)(! .0%+! :9*! *%.%)*/,! D9'(7! <%! 09! :9/'.! 96! #67#1#7')(! :997.;! :997! &*9'+.!

2+)*0#/'()*(-!/)*<9,-7*)0%.!)67!:)0.5!)67!34!+)00%*6.!2#6/('7#6&!0-+%.!9:!345;!.+%/#:#/!09!%)/,!

%0,6#/!&*9'+;!)67! 0,%#*!/98<#6%7!*%()0#96.,#+!D#0,!<97-!/98+9.#0#96!)67!8%0)<9(#/!,%)(0,=!

>,#.!*%.%)*/,!)(.9!,#&,(#&,0.!0,%!6%%7!:9*!1).0!#8+*91%8%60.!09!<%!8)7%!09!%6.'*%!7%+*#1)0#96!

#.!/96.#7%*%7!#6!0,%!+*9890#96!9:!,%)(0,:'(!7#%0!)67!34!+)00%*6=



! "V"!

!

F"J! ;/(/0/,)/%--
4/0#&*)+,!UU[=!^Q"X=!kNbmn4/;84BkNbmn48)H(-)42/;1/*4oV;*(;)p4wR6(#6%x=!3%6.)/9();!

KU;!k?4Y!4/0#&*)+,;!UU[=!41)#()<(%Y!,00+YZZ)/0#&*)+,/9*+=/98ZD+F
/960%60Z'+(9)7.Z^Q"HZ""Zi>PlFDi>PlF!w4//%..%7!^Q!R/0!^Q^Qx=!

4:.,#6;!4=;!?'*;!3=!d=;!K)-;!c=!4=;![9*6)<-;!U=;!K%**)*);!i=;!?)()8);!d=!?=;!N'(()6-;!C=![=;!
4<)0%;!c=!j=;!4<<):)0#;![=!v!4<%<%;!B=!^Q"V=!j%)(0,!%::%/0.!9:!7#%0)*-!*#.M.!#6!"VH!
/9'60*#%.;!"VVQn^Q"WY!)!.-.0%8)0#/!)6)(-.#.!:9*!0,%!i(9<)(!@'*7%6!9:!T#.%).%!?0'7-!
^Q"W=!N.)4W/;-),@!PVPQ!"VHEF"VW^=!

46/9(#Fa.*)%(;!?=;![9(%;!$=;!4(%..#;![=;![,)8<%*.;!N=;!N99*/*9:0;!e=!v!39(()M;![=!3=!^QQP=!
>,%!*9(%!9:!)/0#&*)+,-!#6!0,%!.0'7-!9:!.(%%+!)67!/#*/)7#)6!*,-0,8.=!G*))!@!^XQ!PG^F
PV^=!

4*/,'67#)!j%**%*);!N=!v![,)6;![=!@=!^Q"E=!A)**)0#1%!*%1#%D!9:!6%D!8%0,97.!:9*!)..%..#6&!
:997!)67!%6%*&-!#60)M%=!L1,%();,'@!"QQ!"QXG=!

40M#6.96!d;!?=![=;![*)8+096!3=!=!^Q"G=!=4P+2!/%('+;4+E4,.)4LMI)!4Q;8)R4+E4G+-(+)-+;+2(-4
I)!%(H/,(+;4/;84,.)4Q;8)R4+E4?1*,(!*)4I)!%(H/,(+;4>Q?I9444wR6(#6%x=!k6#1%*.#0-!9:!
R0)&9!41)#()<(%Y!
,00+.YZZDDD=90)&9=)/=6bZD%((#6&096Z7%+)*08%60.Z+'<(#/,%)(0,Z*%.%)*/,Z,#*+Z90)&9Q^Q
"VG=,08(!w4//%..%7!Q"FQEF^Q"Vx=!

@)*0(%-;!c=!4=;!k67%*D997;!@=!4=!v!T%/M%(<)'8;!$=!d=!^QQH=!4!(#:%!/-/(%!8#/*96'0*#%60!
+%*.+%/0#1%!:9*!D98%6].!,%)(0,=!N.)4=2)%(-/;4U+1%;/*4+E4-*(;(-/*4;1,%(,(+;@!E"Q!
""EE?F""VP?=!

@)'8)66;!?=;!i*9Ñ;!?=;!S9#&0;!U=;!k((*#/,;!4=;!e%-8)*;!K=;!?/,D)6%<%*&;!>=;!T|**;!N=;!
N%-%*;![=;!d9,6;!k=!v!k(<*#/,0;!?=!^Q"E=!3#0:)((.!#6!)//%(%*98%0%*y<).%7!8%).'*%8%60!
9:!+,-.#/)(!)/0#1#0-Y!>,%!+*%.%6/%!9:!*%)/0#1#0-!#6!)6!)7'(0!+9+'()0#96=!G-/;8(;/H(/;4
U+1%;/*4+E42)8(-(;)4T4'-();-)4(;4'!+%,'@!^EQ!"QHXF"QXP=!

@'-..%;!T=!d=;!$%-69(7.;![=!K=;!N96M;!>=!j=;!@%*8)6;!?=!$=!v!c'+:%*;!T=!d=!"VEV=!>,%!
3#00.<'*&,!?(%%+!m')(#0-!a67%JY!)!6%D!#6.0*'8%60!:9*!+.-/,#)0*#/!+*)/0#/%!)67!
*%.%)*/,=!<'&-.(/,%&4%)')/%-.@!^EQ!"VPF^"P=!

[*9((;!d=!c=;!A%'8)*MF?b0)#6%*;!T=;!?09*-;!N=;!e)((;!N=;!3%**-;![=!v!j)*6)/M;!U=!^QQX=!
479(%./%60.!#619(1%7!#6!D%#&,0F*%()0%7!)67!+9D%*!0%)8!.+9*0.!,)1%!<%00%*!%)0#6&!
+)00%*6.!)67!6'0*#%60!#60)M%.!0,)6!696ã!.+9*0F#619(1%7!)79(%./%60.=!X+1%;/*4+E4,.)4
=2)%(-/;4I(),),(-4=''+-(/,(+;@!"QXQ!WQVFW"W=!

['88#6.;!?=!v!N)/#60-*%;!?=!^QQX=!K997!%61#*968%60.!)67!9<%.#0-é6%#&,<9'*,997!9*!
6)0#96{!Q;,)%;/,(+;/*4U+1%;/*4+E4)!(8)2(+*+A&@!PHQ!"QQF"QG=!

T)*896;!A=!v!T*%D69D.M#;!4=!^Q"H=![960*#<'0#96!9:!:997!+*#/%.!)67!7#%0!/9.0!09!
.9/#9%/9698#/!7#.+)*#0#%.!#6!7#%0!_')(#0-!)67!,%)(0,Y!)!.-.0%8)0#/!*%1#%D!)67!)6)(-.#.=!
L1,%(,(+;4%)H()B'@!WPQ!XGPFXXQ=!

T#/M%-;!$=!4=;!@)*0'.M);!T=;!@*)-;!i=!e=;![)(()D)-;![=!e=;!T)1#7.96;!C=!>=;!K%(7;!?=;!
K%**)*9;!$=!>=;!j97&.96;!?=!K=;!d%((#6&%*;!3=!?=!v!c%66%7-;!K=!3=!"VVE=!44[CZ4[C!
39.#0#96!.0)0%8%60!96!0,%!+*%1%60#96;!7#)&69.#.;!)67!0*%)08%60!9:!9<%.#0-!2"VVE!
*%1#.#965=!$;8+-%(;)4<%/-,(-)@!GQ!^VWFPHQ=!

T9*(#6&;!d=;!@*998;!T=!$=;!@'*6.;!?=!K=;![()-096;!T=!d=;!T%#&,096;!c=;!d)8%.;!U=!d=;!c#6&;!d=!4=;!
N#-).,#0);!N=;!>,)/M*)-;!4=!C=!v!@)00%*,)8;!$=!U=!^Q"E=!4/'0%!)67!/,*96#/!%::%/0.!9:!
%J%*/#.%!96!)++%0#0%;!%6%*&-!#60)M%;!)67!)++%0#0%F*%()0%7!,9*896%.Y!0,%!897'()0#6&!
%::%/0!9:!)7#+9.#0-;!.%J;!)67!,)<#0')(!+,-.#/)(!)/0#1#0-=!L1,%();,'@!"QQ!""GQ=!

C)&(%;!>=!K=;!?,%%0b;!4=;!i'*8;!$=;!e997D)*7;!4=![=;!c(#6%F$9&%*.;!C=;!U%#<9D#0b;!$=;!
T'$'..%(Fe%.096;!d=;!3)(8)FT)1#.;!U=;!4)*96.96;!?=!v!K#0b&%*)(7;![=!N=!^Q"^=!
k67%*.0)67#6&!/,#(7,997!9<%.#0-!#6!48%*#/)Y!(#6M)&%.!<%0D%%6!,9'.%,9(7!#6/98%;!



! "V^!

/988'6#0-!*%.9'*/%.;!)67!/,#(7*%6Ä.!<%,)1#9*.=!=2)%(-/;4.)/%,4U+1%;/*@!"XPQ!EPXF
EGP=!

C(7%*;!?=!d=!v!$9<%*0.;!?=!@=!^QQW=!>,%!%::%/0.!9:!%J%*/#.%!96!:997!#60)M%!)67!<97-!:)06%..Y!)!
.'88)*-!9:!+'<(#.,%7!.0'7#%.=!L1,%(,(+;4%)H()B'@!XHQ!"F"V=!

K#0/,;!4=!c=!v!@)-.;!j=!C=!^Q^^=!R<%.#0-!7%:#6#0#96;!7#)&69.#.;!<#).;!.0)67)*7!9+%*)0#6&!
+*9/%7'*%.!2?R3.5;!)67!0%(%,%)(0,Y!46!R<%.#0-!N%7#/#6%!4..9/#)0#96!2RN45![(#6#/)(!
3*)/0#/%!?0)0%8%60!2[3?5!^Q^^=!V3)'(,&4<(**/%'Q!"QQQQG=!

K*#%(;!?=;![,9+*);!N=!v!?)0/,%*;!T=!^QQW=!k6%_')(!D%#&,0Y!%_'#0-!9*#%60%7!+9(#/-!*%.+96.%.!
09!0,%!&(9<)(!9<%.#0-!%+#7%8#/=!72U@!PPHQ!"^G"F"^GP=!

i)*)'(%0;!N=;!R*0%&);!K=;!$'#b;!d=;!$%-FU9+%b;!d=;!@%&,#6;!U=;!N)6#9.;!h=;!['%6/)Fi)*/#);!N=;!
3()7);!N=;!T#%0,%(8;!c=!v!c):)09.;!4=!^Q""=!?,9*0!.(%%+!7'*)0#96!#.!)..9/#)0%7!D#0,!
#6/*%).%7!9<%.#0-!8)*M%*.!#6!C'*9+%)6!)79(%./%60.Y!%::%/0!9:!+,-.#/)(!)/0#1#0-!)67!
7#%0)*-!,)<#0.=!>,%!jCUCA4!.0'7-=!Q;,)%;/,(+;/*4U+1%;/*4+E4+3)'(,&@!PHQ!"PQEF"P"W=!

i#<.96;!$=!?=!^QQH=!<%(;-(!*)'4+E4;1,%(,(+;/*4/'')''2);,;!RJ:9*7!'6#1%*.#0-!+*%..;!k?4=!
i967#8;!R=!?=;!7%![)8)*&9;!S=!>=!A=;!i'0#%**%b;!K=!4=;!7%!R(#1%#*)!N)*0#6.;!3=!K=;!3)..9.;!N=!

C=!3=;!N98%..9;![=!N=;!?)609.;!S=![=;!i9*fû9;!$=;!3#0,96F['*#;!>=![=!v!['*-F
@9)1%60'*);!N=!K=!^Q"H=!@%6%:#0.!9:!*%&'()*!%J%*/#.%!96!#6:()88)09*-!)67!
/)*7#91)./'()*!*#.M!8)*M%*.!#6!69*8)(!D%#&,0;!91%*D%#&,0!)67!9<%.%!)7'(0.=!<13*(-4
W(3%/%&4+E4G-();-)4+;)@!"QQ!%Q"GQHVX=!

i',;!T=!3=;!B,)6&;!e=;!@)6.<)/M;!A=;!48)*.#;!B=;!@#*8#6&,)8;![=!U=!v!46#.;!4=!j=!^QQV=!
>,%!#6/#7%6/%!9:!/9F89*<#7#0#%.!*%()0%7!09!9<%.#0-!)67!91%*D%#&,0Y!)!.-.0%8)0#/!
*%1#%D!)67!8%0)F)6)(-.#.=!7?P4!13*(-4.)/*,.@!VQ!EE=!

i'0,9(7;!$=;!?0%1%6.;!i=!4=;!$#(%-;!U=!N=!v!@'((;!K=![=!^Q"E=!e9*(7D#7%!0*%67.!#6!
#6.'::#/#%60!+,-.#/)(!)/0#1#0-!:*98!^QQ"!09!^Q"XY!)!+99(%7!)6)(-.#.!9:!PHE!+9+'()0#96F
<).%7!.'*1%-.!D#0,!"}!V!8#((#96!+)*0#/#+)60.=!N.)4*/;-),4A*+3/*4.)/*,.@!XQ!%"QWWF
%"QEX=!

j9+M#6.;!N=!v!@('67%((;!d=!C=!^Q"X=!C6%*&-!<)()6/%;!<97-!/98+9.#0#96;!.%7%60)*#6%..!)67!
)++%0#0%!*%&'()0#96Y!+)0,D)-.!09!9<%.#0-=!P*(;(-/*4G-();-)@!"PQQ!"X"HF"X^E=!

d)&9;!$=;!@)*)69D.M#;!>=;!h99;!?=;!['((%6;!c=!e=;!B)M%*#;!a=;!e)0.96;!c=;!j#8%.;!d=!j=;!3*)00;!
[=;!?'6;!e=!v!3*'#00;!U=!4=!^QQG=!$%()0#96.,#+!<%0D%%6!+,-.#/)(!)/0#1#0-!)67!7#%0!
)896&!4:*#/)6y48%*#/)6!&#*(.=!V3)'(,&4%)')/%-.@!"^Q!HH?FXP?=!

c#67(%-.#7%.;!?=;!c*'&%*;!$=;!T9'D%.;!d=;!>)669/M;!i=!e=;!$%6)((;!A=;!?()0%*;!d=;!U)D(%-;!@=;!
N/i#((;!4=F>=;!@*%66)6;!A=!v!N)6'M#);!N=!^Q"V=!3*%7#/09*.!U#6M#6&!R<%.#0-!)67!0,%!
i'0!N#/*9<#98%!20,%!3$RNa?C!?0'7-5Y!3*909/9(!)67!$%/*'#08%60!?0*)0%&-!:9*!)!
[*9..F?%/0#96)(!?0'7-!96!3)0,D)-.!>,)0!4::%/0!0,%!i'0!N#/*9<#98%!)67!a0.!a8+)/0!
96!R<%.#0-=!X?QJ4%)')/%-.4!%+,+-+*'@!EQ!%"GH^V=!

c*)8%*;![=!c=;!B#68)6;!@=!v!$%06)M)*)6;!$=!^Q"P=!4*%!8%0)<9(#/)((-!,%)(0,-!91%*D%#&,0!)67!
9<%.#0-!<%6#&6!/967#0#96.{Y!4!.-.0%8)0#/!*%1#%D!)67!8%0)F)6)(-.#.=!=;;/*'4+E4(;,)%;/*4
2)8(-(;)@!"HVQ!WHEFWXV=!

U#;!l=;!N%8)*#)6;!C=;!?'67_'#.0;!d=;!B|((%*;!@=!v!?'67_'#.0;!c=!^Q"G=!A%#&,<9'*,997!
7%+*#1)0#96;!#67#1#7')(F(%1%(!:)8#(#)(!)67!.9/#9F7%89&*)+,#/!:)/09*.!)67!7#)&69.%7!
/,#(7,997!9<%.#0-Y!)!6)0#96D#7%!8'(0#(%1%(!.0'7-!:*98!?D%7%6=!V3)'(,&4E/-,'@!WQ!^HPF
^XP=!

U#1#6&.096%;!N=!@=!C=!v!@()/M;!4=!C=!^QQP=!N)*M%*.!9:!0,%!1)(#7#0-!9:!*%+9*0%7!%6%*&-!#60)M%=!
N.)4X+1%;/*4+E4;1,%(,(+;@!"PPQ!EVH?FV^Q?=!

N)*0%)';!>=!N=!v!j)((;!3=!4=!^Q"P=!@*%)7(#6%.;!<*)#6.;!)67!<%,)1#9'*=!@*#0#.,!N%7#/)(!
d9'*6)(!3'<(#.,#6&!i*9'+=!

N%0/)(:;!3=!4=;!?/*)&&;!$=!$=;!?/,)):;!T=;!T-)((;!U=;!@()/M;!3=!A=!v!d)/M.96;!$=!^QQE=!T#%0)*-!
#60)M%.!9:!C'*9+%)6;!Nq9*#;!3)/#:#/!)67!4.#)6!)7'(0.!(#1#6&!#6!4'/M()67Y!>,%!



! "VP!

7#)<%0%.;!,%)*0!)67!,%)(0,!.0'7-=!=1',%/*(/;4/;84L)B4M)/*/;84U+1%;/*4+E4!13*(-4.)/*,.@!
P^Q!GHGFGXQ=!

N#6#.0*-!9:!j%)(0,!A%D!B%)()67!^Q""=!N%0,979(9&-!$%+9*0!:9*!0,%!^QQEZQV!AB!47'(0!
A'0*#0#96!?'*1%-=!

N#6#.0*-!9:!j%)(0,!A%D!B%)()67!^Q"^=!4!K9/'.!96!3)/#:#/!A'0*#0#96Y!K#67#6&.!:*98!0,%!
^QQEZQV!A%D!B%)()67!47'(0!A'0*#0#96!?'*1%-=!e%((#6&096Y!N#6#.0*-!9:!j%)(0,=!

N#6#.0*-!9:!j%)(0,!A%D!B%)()67!^Q^Q=!C)0#6&!)67!4/0#1#0-!i'#7%(#6%.=!e%((#6&096!2AB5=!
N#6#.0*-!9:!j%)(0,!A%D!B%)()67=!^Q^"=!=;;1/*4S!8/,)4+E4[)&4J)'1*,'4\]\O^\\64L)B4M)/*/;84

Y)/*,.4G1%H)&4wR6(#6%x=!e%((#6&096=!41)#()<(%Y!!
,00+.YZZ8#6,%)(0,6b=.,#6-)++.=#9Z6bF,%)(0,F.'*1%-F^Q^"F^^F)66')(F7)0)F

%J+(9*%*Z~D~H:/P:<%"Z�gZ%J+(9*%F#67#/)09*.!w4//%..%7x=!
A)0#96)(!j%)(0,!)67!N%7#/)(!$%.%)*/,![9'6/#(!^QQX=!A'0*#%60!$%:%*%6/%!S)('%.!:9*!

4'.0*)(#)!)67!A%D!B%)()67!a6/('7#6&!$%/988%67%7!T#%0)*-!a60)M%.!Q;6!T%+)*08%60!
9:!j%)(0,!)67!4&%#6&Y![)6<%**);!4=;!N#6#.0*-!9:!j%)(0,!e%((#6&096;!A%D!B%)()67!
2%7=5=!

A%D!B%)()67!N#6#.0*-!9:!j%)(0,!^Q^Q=!A%D!B%)()67!j%)(0,!?'*1%-!^Q"VZ^Q^QY!A'0*#0#96Y!
S%&%0)<(%!)67!:*'#0!#60)M%=!a60%*6%0=!

RÄ@*#%6;!e=!d=;!?,'(0b;!?=!3=;!K#*%.096%;!$=!>=;!i%9*&%;!U=!v!c*'&%*;!$=!^Q"V=!C0,6#/y.+%/#:#/!
.'&&%.0#96.!:9*!+,-.#/)(!)/0#1#0-!<).%7!96!%J#.0#6&!*%/*%)0#96)(!+,-.#/)(!)/0#1#0-!
+*%:%*%6/%.!9:!A%D!B%)()67!D98%6=!=1',%/*(/;4/;84L)B4M)/*/;84U+1%;/*4+E4!13*(-4
.)/*,.@!GPQ!GGPFGHQ=!

RC[T=!^Q"W=!V3)'(,&4S!8/,)=!41)#()<(%Y!,00+YZZDDD=9%/7=9*&Z%(.Z,%)(0,F.-.0%8.ZR<%.#0-F
k+7)0%F^Q"W=+7:=!

R(#1%*9.;!C=;!?98%*.;!S=!c=;!?9/,9*;!R=;!i9%(;!c=!v!U9+%bFd#8%6%b;!K=!^Q"G=!>,%!/96/%+0!9:!
69*8)(!D%#&,0!9<%.#0-=!<%+A%)''4(;4-/%8(+H/'-1*/%48(')/')'@!HXQ!G^XFGPP=!

3)8+%(;!K=![=;!T%66%-;!d=!>=!v!c*'%&%*;!3=!N=!^Q"^=!R<%.#0-;!?C?;!)67!%/9698#/!
7%1%(9+8%60Y!)!0%.0!9:!0,%!*%1%*.)(!,-+90,%.#.=!G+-(/*4'-();-)4T42)8(-(;)@!WGQ!"QWPF
"QE"=!

$%6)((;!A=!^Q^Q=!L)B4!/,.B/&'4,+4+3)'(,&4!%)H);,(+;4/;842),/3+*(-4.)/*,.64,.)4%)*/,(+;'.(!4
3),B));48(),4/;84,.)4A1,42(-%+3(+2)64/4,.)'('4!%)');,)84(;4!/%,(/*4E1*E(*2);,4+E4,.)4
%)i1(%)2);,'4E+%4,.)48)A%))4+E4I+-,+%4+E4<.(*+'+!.&4(;4L1,%(,(+;/*4G-();-)4/,4?/'')&4
S;(H)%'(,&@4Nq2/C(4?/C/1%/1@4=+,)/%+/4L)B4M)/*/;8F!N)..%-!k6#1%*.#0-=!

$9%;!N=;!3#6/,%6;!j=;![,'*/,;!?=!v!K#6&().;!3=!^Q"H=!N/[!)6/%!)67!e#779D.96Ä.!0,%!
/98+9.#0#96!9:!:997.!.%1%60,!.'88)*-!%7#0#96!)67!'+7)0%7!/98+9.#0#96!9:!:997.!
#60%&*)0%7!7)0).%0=!L1,%(,(+;431**),(;@!GQQ!PXFPV=!

$98#%';!a=;!T9..'.;!U=;!@)*_'%*);!?=;!@(900#ü*%;!j=!N=;!K*)6M.;!3=!e=;!i'60%*;!N=;!jD)(();!A=;!
j'*.0#6&;!?=!T=;!U%#0b8)66;!N=!v!N)*&%00.;!@=!^Q"W=!C6%*&-!<)()6/%!)67!9<%.#0-Y!
D,)0!)*%!0,%!8)#6!7*#1%*.{!P/;-)%4P/1')'4T4P+;,%+*@!^EQ!^GWF^HE=!

?/,'<%*0;!N=!N=;!?)<)+)0,-;!?=;!U%1%*#00;!N=!v!T%.<*9D;!@=!^Q"G=!4/'0%!%J%*/#.%!)67!
,9*896%.!*%()0%7!09!)++%0#0%!*%&'()0#96Y!)!8%0)F)6)(-.#.=!G!+%,'4?)8(-(;)@!GGQ!PEWF
GQP=!

?0)0.!A%D!B%)()67=!^Q"H=!</-(E(-4<)+!*)'4wR6(#6%x=!41)#()<(%Y!
,00+YZZ)*#)=.0)0.=&910=6bZ)*#)Z{~&)`^="Q"H^V"HP="PVEGHHQQ^="XHW"XGHWHF
"HV^VWPXGG="XHW"XGHWH�[96/%+0S#%DY'*#`,00+YZZ.0)0.=&910=6bZ/8.Z[96/%+0Z[4$?H
Q^X!w4//%..%7!^^67!d'(-!^Q^^x=!

?0%D)*0!4;!N=Fd=!N=;!R(7.!>;!7%!$#77%*!j=!^Q""=!Q;,)%;/,(+;/*4G,/;8/%8'4E+%4=;,.%+!+2),%(-4
='')''2);,F4@4U9D%*!j'00;!A%D!B%)()67;!a60%*6)0#96)(!?9/#%0-!:9*!0,%!471)6/%8%60!
9:!c#6)60,*9+98%0*-=!

?'((#1)6;!c=!^Q"X=!?(%%+!T%:#/#%6/-!a.!4..9/#)0%7!D#0,!U)/M!9:!CJ%*/#.%!)67!j#&,%*!@Na!
)896&![988'6#0-FTD%((#6&!R(7%*!47'(0.!2aV=!QQG5=!L)1%+*+A&@!EXQ!aV=!QQG=!



! "VG!

>)+.%((;!U=![=;!A%)(%;!C=!3=;!?)0#f);!4=!v!j';!K=!@=!^Q"X=!K997.;!6'0*#%60.;!)67!7#%0)*-!
+)00%*6.Y!#60%*/966%/0#96.!)67!#8+(#/)0#96.!:9*!7#%0)*-!&'#7%(#6%.=!=8H/;-)'4(;4
L1,%(,(+;@!WQ!GGHFGHG=!

>*9#)69;!$=!3=;!@%**#&)6;!T=;!T977;!c=!e=;!N)..%;!U=![=;!>#(%*0;!>=!v!N/T9D%((;!N=!^QQE=!
3,-.#/)(!)/0#1#0-!#6!0,%!k6#0%7!?0)0%.!8%).'*%7!<-!)//%(%*98%0%*=!?)8(-(;)4T4G-();-)4
(;4G!+%,'4T4$R)%-(')@!GQQ!"E"F"EE=!

>'79*FU9/M%;![=;![)8,#;!?=!N=!v!>*9#)69;!$=!3=!^Q"^=!3%%*!*%1#%D%7Y!)!/)0)(9&!9:!*'(%.;!
1)*#)<(%.;!)67!7%:#6#0#96.!)++(#%7!09!)//%(%*98%0%*!7)0)!#6!0,%!A)0#96)(!j%)(0,!)67!
A'0*#0#96!CJ)8#6)0#96!?'*1%-;!^QQPn^QQX=!<%)H);,(;A4-.%+;(-48(')/')@!V=!

k=?=!T%+)*08%60!9:!j%)(0,!)67!j'8)6!?%*1#/%.!^Q"E=!3,-.#/)(!4/0#1#0-!i'#7%(#6%.!:9*!
48%*#/)6.;!^67!%7#0#96=!Q;6!?%*1#/%.;!T=!9=!j=!)=!j=!2%7=5=!e).,#6&096;!T[=!

e)*7;!T=!?=;!C1%6.96;!c=!$=;!S)'&,6;!4=;!$97&%*.;!4=!@=!v!>*9#)69;!$=!3=!^QQH=!
4//%(%*98%0%*!'.%!#6!+,-.#/)(!)/0#1#0-Y!<%.0!+*)/0#/%.!)67!*%.%)*/,!*%/988%67)0#96.=!
?)8(-(;)4T4G-();-)4(;4G!+%,'4T4$R)%-(')@!PWQ!?HE^F?HEE=!

e#((%00;!e=!^Q"^=!L1,%(,(+;/*4)!(8)2(+*+A&;!RJ:9*7!'6#1%*.#0-!+*%..=!
e#((%00;!e=;!$9/M.0*|8;!d=;!U9M%6;!@=;!?+*#6&8)66;!N=;!U)6&;!>=;!S%*8%'(%6;!?=;!i)*6%00;!>=;!

>#(8)6;!T=;!T%[(%*/M;!K=!v!e997;!4=!^Q"V=!K997!#6!0,%!460,*9+9/%6%Y!0,%!C4>n
U)6/%0![988#..#96!96!,%)(0,-!7#%0.!:*98!.'.0)#6)<(%!:997!.-.0%8.=!N.)4W/;-),@!PVPQ!
GGWFGV^=!

e9*(7!j%)(0,!R*&)6#.)0#96=!^Q"W=!<.&'(-/*4=-,(H(,&4wR6(#6%x=!41)#()<(%Y!
,00+YZZDDD=D,9=#60Z7#%0+,-.#/)()/0#1#0-Z+)Z%6Z!w4//%..%7!^Q"Wx=!

e9*(7!j%)(0,!R*&)6#.)0#96=!^Q^Q=!:YV4k1(8)*(;)'4+;4!.&'(-/*4/-,(H(,&4/;84')8);,/%&4
3)./H(+1%4E+%4-.(*8%);4/;84/8+*)'-);,'@4/81*,'4/;84+*8)%4/81*,'=!

e9*(7!j%()0,!R*&)6#.)0#96=!^Q"H=!Y)/*,.&48(),4wR6(#6%x=!41)#()<(%Y!
,00+YZZDDD=D,9=#60Z8%7#)/%60*%Z:)/0.,%%0.Z:.PVGZ%6Z!w4//%..%7x=!

!

!

!



! "VH!

69&:$.%(N<!O#(+"E.'$32.-B(1.&#8%./(:9B#3'&-(&'$323$B(&*/(#./.*$&%B(
".9&23+8%(&##+'3&$./(,3$9($9.(08$(13'%+"3+$&(&1+*0(F&'353'(&*/(
G.,(H.&-&*/(I8%+:.&*(,+1.*P(

!
25%&0*)&--
!
,-.+!a61%.0#&)0%!D,%0,%*!+,-.#/)(!)/0#1#0-!2345!)67!.%7%60)*-!<%,)1#9'*!2?@5!)*%!)..9/#)0%7!

D#0,!<*9)7!0)J9698#/!/98+9.#0#96!2:)8#(-!(%1%(5!)67!uF7#1%*.#0-!9:!0,%!&'0!8#/*9<#90);!#6!)!

+9+'()0#96!9:!!3)/#:#/!)67!AB!C'*9+%)6!2ABC5!D98%6=!

I03A'*1+! 3)/#:#/! 26`""V5! )67! ABC! 26`"HV5! D98%6;! )&%7! "EFGH! -%)*.! D%*%! *%/*'#0%7!

)//9*7#6&!09!.%(:F*%+9*0%7!69*8)(!9*!9<%.%!<97-!8)..!#67%J!2@Na5=!34!)67!?@!D%*%!)..%..%7!

'.#6&!%#&,0F7)-!)//%(%*98%0%*-=!@97-!/98+9.#0#96!D).!)..%..%7!'.#6&!@Na!)67!@KL!2D,9(%!

<97-! 7')(F%6%*&-! JF*)-! )<.9*+0#98%0*-5;! )67! 0,%! ()00%*! D).! '.%7! 09! .0*)0#:-! D98%6! ).! (9D!

2ÜPHL5!9*!,#&,!2OPHL5!@KL=!TA4!D).!%J0*)/0%7!:*98!:)%/)(!.)8+(%.!)67!0,%!8%0)&%698#/!

.%_'%6/%.! )..9/#)0%7! D#0,! 0,%! 8#/*9<#90)! D%*%! )6)(-.%7! '.#6&! N%0)3,(4A! )67! maaNC^!

.9:0D)*%=!N'(0#1)*#)0%!*%&*%..#96!)6)(-.#.;!)7f'.0%7!:9*!+90%60#)(!/96:9'67%*.!D).!/967'/0%7!

09!%J+(9*%!0,%!)..9/#)0#96!<%0D%%6!8#/*9<#90)!/98+9.#0#96;!34!)67!?@=!!

/01(231+!4896&!ABC!D98%6;!%1%*-!96%!?T!#6/*%).%!#6!090)(!34!2"VW!/+8Z7)-5!D).!)..9/#)0%7!

D#0,! PX=PL! ,#&,%*! *%()0#1%! )<'67)6/%! 9:! $%&'(!)*+,%(-./-)/)! 2!#Q=QP"5! )67! PW=VL! (9D%*!

*%()0#1%!)<'67)6/%!9:!0)%%1-+2(-%+3(/-)/)42!#Q=Q^V5=!477#0#96)((-;!%1%*-!96%!?T!#6/*%).%!

#6! ?@! 2"=GH! ,9'*.Z7)-5! D).! )..9/#)0%7! D#0,! )! ^EL! (9D%*! *%()0#1%! )<'67)6/%! 9:!

$%&'(!)*+,%(-./-)/)!2!#Q=QPQ5=!4:0%*!/960*9((#6&!:9*!)((!+90%60#)(!/96:9'67%*.;!:9*!%1%*-!"!?T!

#6/*%).%!#6!090)(!34!ABC!D98%6!D%*%!"=X^!0#8%.!89*%!(#M%(-!09!<%!/,)*)/0%*#.%7!<-!%60%*90-+%!

"! )67! G"=XL! (%..! (#M%(-! 09! <%! /,)*)/0%*#.%7! <-! %60%*90-+%! P=! K'*0,%*89*%;! :9*! %1%*-! "! ?T!

#6/*%).%!#6!?@;!ABC!D98%6!D%*%!PV=GL!(%..!(#M%(-!09!<%!/,)*)/0%*#.%7!<-!%60%*90-+%!"!)67!

"=E^V!0#8%.!89*%!(#M%(-!09!<%!/,)*)/0%*#.%7!<-!%60%*90-+%!P=!>,%!96(-!.#&6#:#/)60!:#67#6&!)896&!

3)/#:#/!D98%6!D).!0,)0!:9*!%1%*-!"!?T!#6/*%).%!#6!ABC!D98%6].!090)(!34!D).!)..9/#)0%7!D#0,!

^P="L!,#&,%*!5(%2(-1,)'67/-,)%+(8),)'4*)0#9!2!#Q=QP"5;!D,%*%).!)896&!3)/#:#/!D98%6;!%1%*-!

"!?T!#6/*%).%!#6!NS34!D).!)..9/#)0%7!D#0,!^^=EL!(9D%*!2+`Q=QPG5!5(%2(-1,)'67/-,)%+(8),)'!

*)0#9=!

4')#2(1-')+!a6/*%).%7!090)(!34!)67!*%7'/%7!?@!8)-!<%!+9.#0#1%(-!)..9/#)0%7!D#0,!0,%!*%()0#1%!

)<'67)6/%!9:!<)/0%*#)!0,)0!)*%!/)+)<(%!9:!+*97'/#6&!&'0!8#/*9<#90)!8%0)<9(#0%.!2%=&=!?[K4].5=!

4..9/#)0#96.!<%0D%%6!34!)67!&'0!8#/*9<#90)!/98+9.#0#96!8)-!7#::%*!<%0D%%6!%0,6#/!&*9'+.=!



! "VX!

a6!9*7%*!09!/(%)*(-!#60%*+*%0!0,%.%!*%.'(0.!89*%!*%.%)*/,!#.!6%%7%7!09!7%0%*8#6%!0,%!8%/,)6#.8!

7*#1#6&!)..9/#)0#96.!<%0D%%6!34;!?@!)67!0,%!&'0!8#/*9<#90)=!

!

J"!! K,&0+4$)&'+,--
j%)(0,-!,)<#0.;!#6/('7#6&!7#%0;!.(%%+!)67!+,-.#/)(!)/0#1#0-!2345!)*%!0,%!:9'67)0#96.!:9*!91%*)((!

,%)(0,!)67!D%((<%#6&=!a6/*%).#6&(-!*%.%)*/,!#.!)..9/#)0#6&!0,%.%!(#:%.0-(%!:)/09*.!D#0,!0,%!&'0!

8#/*9<#90)!2[()*M!)67!N)/,;!^Q"X;![,)67*)M'8)*)6!%0!)(=;!^Q"X;![*96#6!%0!)(=;!^Q^"5=!>,%!&'0!

8#/*9<#90)! #.! )! /98+(%J;! %/9(9&#/)(! /988'6#0-! 9:! 8#/*9F9*&)6#.8.! *%.#7#6&! #6! 0,%!

&).0*9#60%.0#6)(!0*)/0=!a6!69*8)(!,%)(0,-!/967#0#96.!0,%!&'0!8#/*9<#90)!+()-.!)6!#8+9*0)60!*9(%!

#6!0,%!7#&%.0#96!)67!)<.9*+0#96!9:!6'0*#%60.;!8)#60%6)6/%!9:!0,%!#60%.0#6)(!(#6#6&!)67!#88'6#0-!

2k*.%((!%0!)(=;!^Q"^;!T%1)*)f!%0!)(=;!^Q"P5=!K)/09*.!.'/,!).!&%6%0#/.;!897%!9:!7%(#1%*-!)0!<#*0,;!

8%0,97!9:!#6:)60!:%%7#6&;!'.%!9:!/%*0)#6!8%7#/)0#96.;!)&%!)67!/%*0)#6!(#:%.0-(%!/,9#/%.!27#%0;!34!

)67!.(%%+5!,)1%!)((!<%%6!.,9D6!09!/960*#<'0%!09!0,%!/98+9.#0#96!9:!0,%!&'0!8#/*9<#90)!2e%6!

)67!T'::-;!^Q"W5=!![98+)*%7!D#0,!*%.%)*/,!96!7#%0;!*%.%)*/,!96!0,%!*%()0#96.,#+!<%0D%%6!.(%%+!

9*! 34! )67! &'0! 8#/*9<#90)! #.! (%..! 7%1%(9+%7;! 0,%*%:9*%! 0,%! :9/'.! 9:! 0,#.! *%.%)*/,! D).! 96!

)..9/#)0#96.!<%0D%%6!34!)67! 0,%!&'0!8#/*9<#90)! /98+9.#0#96;!D,#(.0! %6.'*#6&! 0,%!+90%60#)(!

/96:9'67#6&!:)/09*.!9:!7#%0!)67!.(%%+!)*%!/960*9((%7!:9*=!

4!8)f9*! :'6/0#96! 9:! 0,%! &'0!8#/*9<#90)! #.! 09! :%*8%60! 696F7#&%.0#<(%! .'<.0*)0%.! (#M%! 7#%0)*-!

:#<*%.;! 0,%*%:9*%;! 7#%0! #.! /'**%60(-! /96.#7%*%7! 0,%! 8)#6! %J0*#6.#/! :)/09*! 0,)0! /)6! )(0%*! 0,%!

8#/*9<#98%! 2[*96#6! %0! )(=;! ^Q^"5=! D#%0.! *#/,! #6;! +()60F7%*#1%7! :997.! )67! :#<*%;! D,#/,! )*%!

*%/988%67%7! #6!)6!9+0#8)(!7#%0! 09!+*9890%!,'8)6!,%)(0,! 2e#((%00!%0!)(=;!^Q"V5;!,)1%!<%%6!

)..9/#)0%7! D#0,! #6/*%).%7! 8#/*9<#)(! 7#1%*.#0-! 2i)*/Å)FS%&)! %0! )(=;! ^Q^Q5=! K'*0,%*;! <)/0%*#)(!

:%*8%60)0#96! 9:! /)*<9,-7*)0%.! 2%=&=! *%.#.0)60! .0)*/,;! .#8+(%! .'&)*.;! )67! +9(-.)//,)*#7%.5!

+*97'/%.!.,9*0y/,)#6!:)00-!)/#7.!2?[K45!#6/('7#6&!)/%0)0%;!+*9+#96)0%;!)67!<'0-*)0%!2>9++#6&!

)67![(#:096;!^QQ"5=!>,%.%!?[K4.!,)1%!*%&'()09*-!:'6/0#96.!#6!)60#F#6:()88)09*-!)67!#88'6%!

*%.+96.%;!(#+#7;!/,9(%.0%*9(!)67!&('/9.%!8%0)<9(#.8!).!D%((!).!&'0!<)**#%*!#60%&*#0-!2K)*0!%0!)(=;!

^Q^Q5=!C1#7%6/%!#.!%8%*&#6&!09!.'&&%.0!.(%%+!<%,)1#9'*!8)-!+()-!)!*9(%!#6!1)*#9'.!).+%/0.!9:!

0,%!&'0!8#/*9<#98%!6)8%(-!)<'67)6/%!9:!/%*0)#6! 0)J);!7#1%*.#0-!)67! :'6/0#96! 23900%*!%0!)(=;!

^Q"X5!2>,)#..!%0!)(=;!^Q"G5=!$%.%)*/,!,).!7%896.0*)0%7!6%&)0#1%!%::%/0.!96!0,%!&'0!8#/*9<#90)!

D,%6!0,%!/#*/)7#)6!*,-0,8!#.!7#.*'+0%7I!#60%.0#6)(!8#/*9<#90)!%J,#<#0.!7#'*6)(!9./#(()0#96.!#6!

*)0.! )67! 0,#.! /)6! <%!8#.)(#&6%7!D#0,! )! .9/#%0-F%6:9*/%7! /#*/)7#)6! *,-0,8! 2B)**#6+)*! %0! )(=;!

^Q"G5=!!



! "VW!

3,-.#/)(!)/0#1#0-!2345!+%*:9*8%7!)0! (%1%(.!*%/988%67%7!<-!0,%!e9*(7!j%)(0,!R*&)6#.)0#96!

2ejR5!2#=%=;!)//'8'()0#96!9:!O!PQ!8#6'0%.!9:!897%*)0%!9*!&*%)0%*!#60%6.#0-!)/0#1#0-!96!O!H!7)-.!

+%*!D%%M;!9*!"HQ!8#6'0%.!9:!NS34!+%*!D%%M!2e9*(7!j%)(0,!R*&)6#.)0#96;!^Q^Q;!N#6#.0*-!9:!

j%)(0,! A%D! B%)()67;! ^Q^Q;! k=?=! T%+)*08%60! 9:! j%)(0,! )67! j'8)6! ?%*1#/%.;! ^Q"E55;! #.!

)..9/#)0%7! D#0,! )! *)6&%! 9:! <%6%:#/#)(! ,%)(0,! %::%/0.;! #6/('7#6&! )! *%7'/%7! *#.M! 9:! 9<%.#0-;!

/)*7#98%0)<9(#/!7#.%).%!)67!>^T=!?98%!9:! 0,%!,%)(0,!<%6%:#0.!9:!34!8)-!<%!7%*#1%7! :*98!

#60%*)/0#96.!0,*9'&,!0,%!&'0!8#/*9<#90)!2[%*7Ç!%0!)(=;!^Q"X5=!4!6'8<%*!9:!8%/,)6#.8.!,)1%!

<%%6!+*9+9.%7!%J+()#6#6&!0,%!)..9/#)0#96!<%0D%%6!34!)67!8#/*9<#90)!/98+9.#0#96;!,9D%1%*!

0,%*%!#.!69!/98896!/96.%6.'.!2[,)67*)M'8)*)6!%0!)(=;!^Q"X5=!A%1%*0,%(%..;!#0!#.!#8+9*0)60!09!

7#./'..!.98%!+90%60#)(!8%/,)6#.8.!:9*!0,%!#60%*)/0#96=!4(0%*%7!&'0!890#(#0-!9*!)/0#1#0-!#.!96%!

8%/,)6#.8!<-!D,#/,!%J%*/#.%!8)-!#6:('%6/%!0,%!&'0!8#/*9<#98%=!3,-.#/)(!)/0#1#0-!*%7'/%.!&'0!

0*)6.#0!0#8%!2?96&!%0!)(=;!^Q"^;!?,),)*!%0!)(=;!^Q^Q5!)67!/,)6&%.!#6!&'0!0*)6.#0!8)-!,)1%!%::%/0.!

96! #60%.0#6)(! +j;!<#9:#(8! :9*8)0#96;! )67! )1)#()<#(#0-!9:! 6'0*#%60.! 09!8#/*9<%.=!K'*0,%*89*%;!

()/0)0%!#.!)(.9!*%(%).%7!#609!0,%!<(997!7'*#6&!34;!D,#/,!/9'(7!)(0%*!#60%.0#6)(!+j!#:!)6-!9:!0,#.!

()/0)0%! #.! .%/*%0%7! #609! 0,%!&'0! ('8%6! 2@*99M.;!"VV"5=!4(0%*)0#96.! #6! 0,%!+j!9:! 0,%!&'0!8)-!

#6:('%6/%!0,%!<)/0%*#)!)<(%!09!&*9D!)67!0,*#1%=!4(0,9'&,!/98896(-!*%:%**%7!09;!0,%!8%/,)6#.8!

<-!D,#/,!34!897'()0%.!?[K4.!*%8)#6.!.+%/'()0#1%!2[)*%-!)67!N960)&;!^Q^"5=!!

e,%6!/98+)*%7!09!.%7%60)*-!/960*9(.;!)0,(%0%.!)++%)*! 09!,)1%!,#&,%*!*%()0#1%!)<'67)6/%!9:!

<)/0%*#)(! 0)J)! D#0,! )60#y#6:()88)09*-! +*9+%*0#%.! )67! /)+)/#0-! 09! .-60,%0#.%! ?[K4.! #6! 0,%#*!

:)%/)(! 8#/*9<#90)!!2>#/#6%.#! %0! )(=;! ^Q"V;! @)*096! %0! )(=;! ^Q"E5;! D,#/,! #6! 0'*6! 8)-! *%.'(0! #6!

#8+*91%7!0,%!&'0!,%)(0,!.'/,!).!8)#60%6)6/%!9:!#60%.0#6)(!<)**#%*!#60%&*#0-;!+*90%/0#96!)&)#6.0!

#6:()88)0#96;! 9*! "#$#%&! '()"*+,*-)"! ./%! 0"1')+*! 2*,.3)"#+2!45.-,! *,! ."6&! 78789FK'*0,%*89*%;!

#6/*%).%7! /)*7#9*%.+#*)09*-! :#06%..! 2SR#+,-5! ,).! <%%6! ! +9.#0#1%(-! /9**%()0%7! D#0,! #6/*%).%7!

<)/0%*#)(! 7#1%*.#0-! )67! <'0-*)0%F+*97'/#6&! <)/0%*#)! .'/,! ).! 0,%! $%&'(!)*+,%(-./-)/)! :)8#(-!

2C.0)M#!%0!)(=;!^Q"X5=!

4!,%)(0,-!8#/*9<#90)!/)6!<%!7%./*#<%7!*%&)*7#6&!#6/*%).%7!*#/,6%..!)67!7#1%*.#0-!).!D%((!).!

/98+9.#0#96)(! 2<)/0%*#)(! +,-();! &%6%*);! :)8#(-! 0)J)5! )67! :'6/0#96)(! :%)0'*%.! 28%0)<9(#/!

+*9+%*0#%.5=!N#/*9<#)(!7-.<#9.#.!.'/,!).!*%7'/0#96!#6!8#/*9<#)(!7#1%*.#0-;!#6/('7#6&!0,%!(9..!9:!

<%6%:#/#)(! <)/0%*#)! .'/,! ).! 7/-,)%(+(8)'! )67! <'0-*)0%! +*97'/#6&! <)/0%*#)!

2%=&=!45/)-/*(3/-,)%(125!,)1%!<%%6!#7%60#:#%7!).!)!/960*#<'0#6&!:)/09*!#6!0,%!7%1%(9+8%60!9:!)!

*)6&%!9:!8%0)<9(#/!7#.%).%.!#6/('7#6&!9<%.#0-!)67!0-+%!^!7#)<%0%.!2>^T5!2j)*0.0*)!%0!)(=;!^Q"H;!

@t/M,%7!%0!)(=;!^QQG;!C(Fd'*7#!%0!)(=;!^Q"W;!>'*6<)'&,!%0!)(=;!^QQV5=!N#/*9<#)(!7-.<#9.#.!/)6!<%!

7%0%*8#6%7!'.#6&!)!*)6&%!9:!8%).'*%.;!#6/('7#6&!<'0!690!(#8#0%7!09;!7#1%*.#0-!2u!9*!ä5;!.+%/#%.!



! "VE!

*#/,6%..!9*!8#/*9<#)(!)<'67)6/%.!.'/,!).!*%()0#1%!)<'67)6/%!2L5!)0!1)*#9'.!0)J9698#/!(%1%(.!

2%=&! :)8#(-;! &%6%*)! 9*! .+%/#%.5;! )67! )(0%*)0#96.! #6! 0,%! *)0#9! <%0D%%6! 0,%! 798#6)60! +,-()!

5(%2(-1,)'!)67!7/-,)%+(8),)'!25(%2(-1,)'67/-,)%+(8),)'5=!T%/*%).%7!8#/*9<#90)!7#1%*.#0-!)67!

*#/,6%..;!)67!)!,#&,%*!*)0#9!5(%2(-1,)'67/-,)%+(8),)'@!,)1%!<%%6!)..9/#)0%7!D#0,!9<%.#0-;!>^T!

)67!)(0%*%7!<(997!&('/9.%!2N)&6%!%0!)(=;!̂ Q^Q;!U%0/,'8)6)6!%0!)(=;!̂ Q^^5=!4(0,9'&,!(9D%*!*)0#9!

5(%2(-1,)'67/-,)%+(8),)'4 ,).! <%%64 ! )..9/#)0%7! D#0,! &997! ,%)(0,;! )6! 9+0#8)(!

5(%2(-1,)'67/-,)%+(8),)'! *)0#9!:9*!,'8)6!,%)(0,!,).!690!<%%6!7%:#6%7!2N)&6%!%0!)(=;!^Q^Q5=!

>,%!)<'67)6/%!9:!5(%2(-1,)'!#6!0,%!&'0!8#/*9<#90)!9:!,%)(0,-!#67#1#7')(.!<%%6!.,9D6!09!1)*-!

<%0D%%6!""L!09!VHL!)67!0,)0!9:!@)/0%*9#7%0%.!<%0D%%6!Q=XL!09!EX=XL!2N)&6%!%0!)(=;!^Q^Q5=!

N9.0!,'8)6!.0'7#%.!#61%.0#&)0#6&!34!)67!0,%!&'0!8#/*9<#90)!*%/*'#0!%(#0%!)0,(%0%.!9*!+,-.#/)((-!

:#0!#67#1#7')(.=!j9D%1%*;!0,%!8)f9*#0-!9:!0,%!D9*(7!+9+'()0#96!#.!+,-.#/)((-!#6)/0#1%;!D#0,!(%..!

0,)6! 96%! 0,#*7! 2P"L5! 2j)(()(! %0! )(=;! ^Q"^5!8%%0#6&!ejR! *%/988%67)0#96.! :9*! 34! 9:! OPQ!

8#6'0%.! 9:! 897%*)0%! 29*! &*%)0%*5! #60%6.#0-! )/0#1#0-! 96! )0! (%).0! :#1%! 7)-.! 9:! 0,%! D%%M! 2k=?=!

T%+)*08%60!9:!j%)(0,!)67!j'8)6!?%*1#/%.;!^Q"E;!N#6#.0*-!9:!j%)(0,!A%D!B%)()67;!^Q^Q5=!

>,%*%:9*%;!09!<%00%*!'67%*.0)67!0,%!)..9/#)0#96.!9<.%*1%7!<%0D%%6!34!)67!0,%!&'0!8#/*9<#90)!

#6! 0,%! &%6%*)(! +'<(#/;! %.+%/#)((-! ,#&,! 8%0)<9(#/! 7#.%).%! *#.M! +9+'()0#96.;! 89*%! *%.%)*/,! #.!

6%%7%7=!>,%*%!.,9'(7!<%!)!+)*0#/'()*!:9/'.!96!0,%!/960*#<'0#96!9:!8%%0#6&!/'**%60!ejR!34!

&'#7%(#6%.!09!&'0!8#/*9<#90)!/98+9.#0#96!2?,),)*!%0!)(=;!^Q^Q5=!K'*0,%*;!7%.+#0%!1)*#)0#96.!#6!

0,%! &'0! 8#/*9<#90)! /98+9.#0#96! 9:! ,%)(0,-! #67#1#7')(.! :*98! 7#::%*%60! %0,6#/! &*9'+.!

2T%./,).)'J! %0! )(=;! ^Q"E5;! 89.0! *%.%)*/,! #6! 0,#.! )*%)! ,).! <%%6! /)**#%7! 9'0! #6! C'*9+%)6!

+9+'()0#96.!2[()*M%!%0!)(=;!^Q"G);!@*%..)!%0!)(=;!^Q"W;!@)*096!%0!)(=;!^Q"E5=!>,'.;!#0!#.!#8+9*0)60!

0,)0!7#::%*%60;!#6/('7#6&!8#69*#0-;!%0,6#/!&*9'+.!)*%!#6/('7%7!#6!:'0'*%!*%.%)*/,;!).!0,%#*!'6#_'%!

&'0!8#/*9<#90)!+*9:#(%!8)-!*%.+967!7#::%*%60(-!09!34!D,%6!/98+)*%7!09!C'*9+%)6!+9+'()0#96.=!

>,%! )#8! 9:! 0,#.! .0'7-! D).! 0,%*%:9*%! 09! %J+(9*%! 0,%! +9..#<#(#0-! 0,)0! 34! 2NS34;! 090)(! 34;!

.%7%60)*-! <%,)1#9'*! )67Z9*! 8%%0#6&! 34! &'#7%(#6%.! H)%'1'! 690! 8%%0#6&! 34! &'#7%(#6%.5! )*%!

)..9/#)0%7! D#0,! <*9)7! 0)J9698#/! /98+9.#0#96! 2:)8#(-! (%1%(5! )67! uF7#1%*.#0-! 9:! 0,%! &'0!

8#/*9<#90)!#60%.0#6)(!<)/0%*#);!0,)0!/9'(7!7*#1%!<%6%:#/#)(!8%0)<9(#/!/,)6&%.!09!,'8)6!,9.0.=!

4..9/#)0#96.! D#((! <%! %J+(9*%7! )896&! 0D9! AB! +9+'()0#96! &*9'+.! D#0,! 7#::%*%60! 8%0)<9(#/!

7#.%).%! *#.M! 23)/#:#/!)67!AB!C'*9+%)6! 2ABC5!D98%65!)67!7#::%*%60!<97-! :)0! 2@K5!+*9:#(%.!

269*8)(!)67!9<%.%5=!e%!,-+90,%.#.%!0,)0!#6/*%).%7!0#8%!.+%60!#6!34;!*%7'/%7!0#8%!.+%60!#6!

.%7%60)*-! <%,)1#9'*! )67! 8%%0#6&! 0,%! 34! &'#7%(#6%.! D#((! <%! )..9/#)0%7! D#0,! #6/*%).%7! uF

7#1%*.#0-!)67!*%()0#1%!)<'67)6/%!9:!,%)(0,!+*9890#6&!<)/0%*#)!2:)8#(-!(%1%(5!#6!0,%!,'8)6!&'0=!!



! "VV!

J"8! L*&/0'*?%-*,4-L/&.+4%-
3)*0#/#+)60.! D%*%! +)*0! #6! 0,%! /*9..F.%/0#96)(! 3$%7#/09*.! (#6M#6&! R<%.#0-! )67! 0,%! &'0!

Na/*9<#98C!23$RNa?C5!.0'7-!2c#67(%-.#7%.!%0!)(=;!^Q"V5=!@*#%:(-;!+9.0F8%6)*/,%!)67!+*%F

8%69+)'.)(! 2).! 7%:#6%7! <-! *%&'()*! 8%6.0*')(! /-/(%.! 91%*! 0,%! ().0! -%)*5! 3)/#:#/! )67! ABC!

D98%6;!D,9!D%*%!)&%7!"EFGH!-%)*.!)67!#6!.%(:F*%+9*0%7!&%6%*)(!&997!,%)(0,!D%*%!#61#0%7!09!

+)*0#/#+)0%!#6!0,%!.0'7-=!3)*0#/#+)60.!D%*%!./*%%6%7!'.#6&!.%(:F*%+9*0%7!,%#&,0!)67!D%#&,0! 09!

/)(/'()0%!@Na!2M&Z8#5=!e98%6!D#0,!)!@Na!D#0,#6!0,%!+*%7%:#6%7!69*8)(!9*!9<%.%!@Na!*)6&%.!

2@Na!O"E=H!09!Ü^H=Q!M&Z8#!)67!OPQ=Q!M&Z8#;!*%.+%/0#1%(-5;!D%*%!#61#0%7!09!+)*0#/#+)0%=!!

4!/)(#<*)0%7!j)*+%67%6!.0)7#98%0%*!D).!'.%7!09!8%).'*%!,%#&,0!09!0,%!6%)*%.0!8#((#8%0*%=!@97-!

D%#&,0!D).!8%).'*%7!#6!)!:).0%7!.0)0%;!96!/)(#<*)0%7!%(%/0*96#/!./)(%.!2?)'0%*!+()0:9*8!./)(%!

C"^QQ;!i8<j;!i%*8)6-5!8%).'*#6&!09!0,%!6%)*%.0!Q=Q"!M&=!$%+%)0%7!8%).'*%.!9:!,%#&,0!)67!

D%#&,0!D%*%!0)M%6!:9((9D#6&!a?4c!+*909/9(.!2?0%D)*0!4;!^Q""5=!e%#&,0!)67!,%#&,0!D%*%!0,%6!

'.%7!09!/)(/'()0%!@Na!2M&Z8#5!09!'.%!:9*!.0)0#.0#/)(!)6)(-.#.=!>90)(!@KL!D).!)..%..%7!'.#6&!

7')(F%6%*&-!JF*)-!)<.9*+0#98%0*-!2Tl45!2j9(9&#/!mT$!T#./91%*-!4;!j9(9&#/!a6/!D#0,!43Cl!

S=!P=^!.9:0D)*%5!<-!)//*%7#0%7!*%.%)*/,%*.!24'.0*)(#)6!)67!AB!@96%!N#6%*)(!?9/#%0-!/(#6#/)(!

7%6.#098%0*-!)//*%7#0)0#965!2c#67(%-.#7%.!%0!)(=;!^Q"V5=!!

3%9+(%!D#0,!0,%!.)8%!@Na!/)6!,)1%!,%0%*9&%6%#0-!9:!@K!)67!8%0)<9(#/!7#.%).%!*#.M!:)/09*.!

2R(#1%*9.!%0!)(=;!^Q"G;!c*)8%*!%0!)(=;!^Q"P;!T#/M%-!%0!)(=;!"VVE5=!>,%*%:9*%;!+)*0#/#+)60.!D%*%!

.'<.%_'%60(-!/()..#:#%7!#609!0D9!&*9'+.!<).%7!96!8%).'*%7!@KLY!(9DF@KL!2ÜPHL5!)67!,#&,F

@KL!2OPHL5=!>,%!48%*#/)6!4..9/#)0#96!9:![(#6#/)(!C679/*#69(9&#.0.!)67!48%*#/)6![9((%&%!

9:!C679/*#69(9&-!&'#7%(#6%.! 29<%.#0-! #6!D98%6!\PHL5!D%*%!'.%7! 09!/()..#:-!@KL!/'0F9::.!

2T#/M%-!%0!)(=;!"VVE;!R(#1%*9.!%0!)(=;!̂ Q"G;!d9!)67!N)#69'.!aaa;!̂ Q"E5=!a67#1#7')(.!D%*%!%J/('7%7!

:*98!0,%!.0'7-!#:!0,%-!,)7!<%%6!7#)&69.%7!D#0,!/,*96#/!#((6%..!2%=&=;!>^T!)67!/)*7#91)./'()*!

7#.%).%5;!9*!D%*%!+*%&6)60!9*!()/0)0#6&=!!

3)*0#/#+)60.!)00%67%7!0D9!/(#6#/!1#.#0.;!""F"G!7)-.!)+)*0!)67!0,%-!+*91#7%7!D*#00%6!#6:9*8%7!

/96.%60!+*#9*! 09!+)*0#/#+)0#96=!>,%! .0'7-!D).!)++*91%7!<-! 0,%!j%)(0,!)67!T#.)<#(#0-!C0,#/.!

[988#00%%.!C0,#/.!/988#00%%!2jTC[;!*%:%*%6/%Y!"XZ?>jZP^5!)67!0,%!0*#)(!D).!+*9.+%/0#1%(-!

*%&#.0%*%7!)0!)6b/0*=9*&=)'!24[>$A"^X"EQQQGP^^"P5=!T%89&*)+,#/! )67!,%)(0,! #6:9*8)0#96!

D).! &)0,%*%7! '.#6&! )! .0)67)*7#.%7! :)/%F09F:)/%! #60%*1#%D! D#0,! )! 0*)#6%7! *%.%)*/,%*! 2%=&=;!

)77*%..;!+%*.96)(Z,9'.%,9(7!#6/98%;!)67!8%7#/)0#96!'.%5=!

>.=%')*?-*)&'7'&=E-4'/&-*,4-%?//H--
4!DFi>Pl!0*#F)J#)(!)//%(%*98%0%*!24/0#&*)+,!UU[;!^Q"X5;!D9*6!96!0,%!696798#6)60!,#+;!D).!

'.%7!09!8%).'*%!34=!46!4/0#Fe)0/,!2N#/*9!N90#96(9&&%*ï5!D9*6!96!0,%!696F798#6)60!D*#.0!



! ^QQ!

D).!'.%7!09!8%).'*%!.(%%+!2e)*7!%0!)(=;!^QQH5!246/9(#Fa.*)%(!%0!)(=;!^QQP5=!@90,!7%1#/%.!D%*%!

.%0!09!*%/9*7!D#0,!)6!%+9/,!(%6&0,!9:!96%!8#6'0%=!K9*!0,%!:9((9D#6&!%#&,0!7)-.!+)*0#/#+)60.!D9*%!

<90,! 7%1#/%.! /960#6'9'.(-! 2^GF,9'*! +*909/9(5;! %J/%+0!D,%6!+)*0#/#+)0#6&! #6!D)0%*! )/0#1#0#%.!

.'/,! ).! .D#88#6&!9*!<)0,#6&Z.,9D%*#6&=!3)*0#/#+)60.! )(.9! /98+(%0%7! )!7)#(-!34!)67! .(%%+!

7#)*-!7'*#6&!0,#.!+%*#97;!*%/9*7#6&!)6-!0#8%!0,%!)//%(%*98%0%*.!D%*%!*%891%7!)67!+'0!<)/M!96!

).!D%((!).!.(%%+!96.%0I!)67!%67!0#8%.!:9*!)6-!.(%%+!O"Q!8#6'0%.!7'*)0#96=!>9!*%/9*7!.(%%+!96.%0!

)67!D)M%!0#8%;!+)*0#/#+)60.!+*%..%7!0,%!4/0#Fe)0/,!o%1%60p!<'0096!D,%6!0,%-!D%60!09!<%7!)67!

0'*6%7!9::!0,%#*!(#&,0!09!.(%%+;!)67!D,%6!0,%-!D9M%!'+=!4/0#FU#:%ï!.9:0D)*%!21%*.#96!X="P=P;!

4/0#&*)+,5!D).!'.%7!09!+*9/%..!0,%!DFi>Pl!)//%(%*98%0%*!7)0)=!T)0)!:*98!0,%!:#*.0!)67!().0!

7)-.!27)-.!9:!+)*0#)(!D%)*5!9:!896#09*#6&!D).!*%891%7;!7'%!09!#6/98+(%0%!7)0)!)67!09!)((9D!

:9*!.'<f%/0!*%)/0#1#0-!96!0,%!:#*.0!7)-!9:!D%)*#6&=!T)0)!.%0.!D%*%!#6!)!^GF,!8#76#&,0F8#76#&,0!

:9*8)0=!?(%%+!7#)*#%.!D%*%!'.%7! 09! #7%60#:-!.(%%+!+%*#97.!)67!.(%%+!+%*#97.!D%*%!/96:#*8%7!

'.#6&!0,%!4/0#e)0/,!)//%(%*98%0%*!7)0)=!R6(-!%+9/,.!0,)0!9//'**%7!7'*#6&!D)M#6&!,9'*.!D%*%!

'.%7!:9*!)6)(-.#.!9:!34!)67!?@=!!

A96FD%)*!0#8%!:9*!0,%!Di>Pl!D).!7%:#6%7!).!O!XQ!/96.%/'0#1%!8#6'0%.!9:!b%*9!%+9/,!/9'60.;!

)((9D#6&!:9*!0D9!8#6'0%.!9:!/9'60.!<%0D%%6!b%*9!)67!"QQ=!T)0)!D).!/96.#7%*%7!1)(#7!#:!0,%!

)//%(%*98%0%*!D).!D9*6!:9*!O"^!,9'*.Z7)-;!96!O!:9'*!7)-.;! 0,#.! #6/('7%7!96%!D%%M%67!7)-!

2>'79*FU9/M%!%0!)(=;!^Q"^5=!N%)6!0#8%!28#6Z7)-5!.+%60!#6!NS34!2O^Q^Q!/9'60.!+%*!8#6'0%!

2/+855;!(#&,0!#60%6.#0-!34!2U345!2"QQ!F!^Q"V!/+85!)67!.%7%60)*-!<%,)1#9'*!2?@5!2Q!n!VV!/+85;!

D).!/)(/'()0%7!:*98!1)(#7!7)0)!!2>*9#)69!%0!)(=;!^QQE5=!!

3)*0#/#+)60.! /98+(%0%7! 0,%! 1)(#7)0%7!3#00.<'*&,!?(%%+!m')(#0-! a67%J! 23?ma5! 2@'-..%! %0! )(=;!

"VEV5;! D,#/,! *%.+%/0#1%(-! )..%..%.! .(%%+! _')(#0-! 91%*! )! 96%F8960,! +%*#97=! >,%! 3?ma! D).!

/98+(%0%7!96(#6%!2?'*1%-N96M%-!a6/;!^Q"W5=!a0!/91%*.!.%1%6!)*%).!#6!D,#/,!.(%%+!+*9<(%8.!

9//'*!)67!+*91#7%.!)!&(9<)(!.(%%+!_')(#0-!./9*%;!*)6&#6&!:*98!Q!09!^";!(9D%*!./9*%.!.'&&%.0!)!

,%)(0,#%*!.(%%+!_')(#0-!2@'-..%!%0!)(=;!"VEV5=!

4!+*9.+%/0#1%;! :#1%F7)-! :997! *%/9*7! 2HTK$5;!D).! '.%7! 09! /9((%/0! 7#%0)*-! #60)M%!7)0)=! K997!

*%/9*7! 7)-.! D%*%! +*%F)((9/)0%7! )67! 696F/96.%/'0#1%;! #6/('7#6&! )0! (%).0! 96%! D%%M%67! 7)-!

2i#<.96;!̂ QQH5=!!>9!#8+*91%!)7,%*%6/%!)67!09!*%7'/%!+)*0#/#+)60!<'*7%6;!%.0#8)0%7;!).!9++9.%7!

09! D%#&,%7;! :997! *%/9*7.! D%*%! '.%7! 2i#<.96;! ^QQH;! U#1#6&.096%! )67! @()/M;! ^QQP5=! S%*<)(!

0*)#6#6&!:9*!:#((#6&!9'0!0,%!:997!*%/9*7!)67!%.0#8)0#6&!:997!)67!<%1%*)&%!+9*0#96.!D).!+*91#7%7=!

>9!,%(+!%.0#8)0%!+9*0#96!.#b%.;!+)*0#/#+)60.!D%*%!&#1%6!)!.0)67)*7#.%7!:997!+9*0#96!<99M(%0;!

)67! .0)67)*7! ,9'.%,9(7! :997!8%).'*%.=! 3)*0#/#+)60.! )(.9!D)0/,%7! )! "HF8#6'0%! :997! *%/9*7!

#6.0*'/0#96!)67!7%896.0*)0#96!1#7%9!27%1%(9+%7!<-!N)..%-!k6#1%*.#0-!*%.%)*/,%*.5=!



! ^Q"!

k+96!*%0'*6;!+)*0#/#+)60.!D%*%!#60%*1#%D%7!<-!)!AB!$%&#.0%*%7!T#%0#0#)6!09!/,%/M!:997!*%/9*7!

)//'*)/-! 2%=&=! +9*0#96.! 9:! :997.! )67! <%1%*)&%.! /96.'8%7;! /99M#6&! 8%0,97.;! )67! <*)67#6&!

#6:9*8)0#965! T#%0)*-! 7)0)! D%*%! %60%*%7! )67! +*9/%..%7! 2%6%*&-;! 8)/*9F! )67! 8#/*96'0*#%60!

6'0*#%60!)6)(-.#.5!'.#6&!)6!%(%/0*96#/!:997!+*9/%..#6&!.-.0%8!2K997D9*M.!"QI!l-*#.!?9:0D)*%;!

4'.0*)(#)5=!!K997D9*M.!"Q!'0#(#.%.!0,%!AB!.+%/#:#/!7)0)<).%.!2AB!KRRTK#(%.!^Q"X5=!j9D%1%*;!

#:!0,%!:997!9*!<%1%*)&%!/9'(7!690!<%!:9'67!#6!0,#.!7)0)<).%;!4'.K997.!^Q"W!)67!4'.@*)67.!

^Q"W!2<).%7!96!0,%!4'.0*)(#)6!:997!/98+9.#0#96!7)0)<).%.!4k?Ak>!^Q""F"P;!7%1%(9+%7!<-!

K997!?0)67)*7.!4'.0*)(#)!A%D!B%)()675;!D%*%!'.%7=!a67%+%67%60(-;!0D9!*%.%)*/,%*.!%60%*%7!

0,%!HTK$!#609!K997D9*M.!"Q!)67!09!/96:#*8!*%(#)<#(#0-!)!.%/967!*%.%)*/,%*!/,%/M%7!7)0)!%60*-=!

4((!:997!)67!7*#6M!D%*%!%60%*%7!).!0,%!/99M%7!+9*0#96!/96.'8%7!2D,%*%!)++*9+*#)0%52$9%!%0!

)(=;!̂ Q"H5=!e,%6!96(-!*)D!D%#&,0.!D%*%!+*91#7%7;!0,%.%!D%*%!/961%*0%7!09!/99M%7!D%#&,0!'.#6&!

/99M#6&!:)/09*.!09!)((9D!:9*!D)0%*!)67!6'0*#%60!(9..%.=!4!7#%0)*-!7)0)!7#/0#96)*-!)67!.0)67)*7!

9+%*)0#6&! +*9/%7'*%! D%*%! 7%1%(9+%7! 09! %6.'*%! /96.#.0%60! 7)0)! %60*-=! >,%! 6'0*#%60! (#.0! :9*!

)6)(-.#.!#6/('7%7I!090)(!%6%*&-!2#6!MdZ7)-5;!090)(!/)*<9,-7*)0%;!.0)*/,;!.'&)*;!090)(!7#%0)*-!:#<*%;!

+*90%#6;! 090)(! :)0;! .)0'*)0%7! :)0;! 8969'6.)0'*)0%7! :)0;! +9(-'6.)0'*)0%7! :)0! 2)((! #6! &Z7)-5=! >9!

/)(/'()0%! 090)(! %6%*&-! #60)M%;! %6%*&-! /960*#<'0#96! :*98! )((! 8)/*96'0*#%60.! #6/('7#6&! 090)(!

7#%0)*-! :#<*%;! )67! )(/9,9(! 2)((! #6! &5! D).! .'88%7=! C6%*&-! )67! 8)/*96'0*#%60! #60)M%.! D%*%!

*%+9*0%7!#6!.0)67)*7!'6#0.!+%*Z7)-=!!C6%*&-!#60)M%.!<%0D%%6!̂ "QQ!MdZ7)-!)67!"GXQQ!MdZ7)-!D%*%!

/96.#7%*%7!).!1)(#7!/98+(%0#96!9:!0,%!HTK$!#6!0,%!3$RNa?C!.0'7-!+9+'()0#96!&*9'+!2e#((%00;!

^Q"^5=!

AB! T%+*#1)0#96! a67%J! ^Q"P! 2ABT%+^Q"P5! 240M#6.96! d;! ^Q"G5! D).! '.%7! ).! )! +*9J-! 9:!

.9/#9%/9698#/!.0)0'.=!ABT%+^Q"P!D).!7%*#1%7!:*98!&%9&*)+,#/)(!)*%)!9:!*%.#7%6/%;!D,#/,!

/98<#6%.! /%6.'.! 7)0)! *%()0#6&! 09! ,98%! 9D6%*.,#+;! ,9'.#6&;! _')(#:#/)0#96.;! #6/98%;!

%8+(9-8%60;! )//%..! 09! 0*)6.+9*0;! /988'6#/)0#96.;! )67! :)8#(-! .0*'/0'*%=!ABT%+^Q"P! ./9*%!

*)6&%.!:*98!96%!D,#/,!*%+*%.%60.!0,%!)*%).!o(%).0!7%+*#1%7p!09!"Q!o89.0!7%+*#1%7p=!

B$&-3')0+5'+&*-
3)*0#/#+)60.! /9((%/0%7! :)%/)(! .)8+(%.! D#0,#6! 0,%! 0,*%%! 7)-.! :9((9D#6&! *%891)(! 9:! 0,%#*!

)//%(%*98%0%*!7%1#/%.!)67!/98+(%0#96!9:!0,%#*!HTK$=!T'+(#/)0%!.)8+(%.!:*98!0,%!.)8%!:)%/%.!

D%*%!/9((%/0%7=!3)*0#/#+)60.!+()/%7!0,%!+*91#7%7!M#76%-!7#.,!#6!0,%!09#(%0!09!/)0/,!0,%!:)%/%.=!

>,%-!0,%6!'.%7!0,%!./99+!0,)0!D).!#6.#7%!0,%!(#7!9:!0D9!.8)((;!./*%D!09+!/960)#6%*.!+*91#7%7!09!

/9((%/0!0D9!D)(6'0F.#b%7!!:)%/)(!.)8+(%.=!3)*0#/#+)60.!0,%6!:#((%7!0D9!()*&%*!+*91#7%7!/960)#6%*.!

D#0,!^!/8!9:!D)0%*!)67!+()/%7!96%!9:!0,%!.8)((%*!./99+!/960)#6%*.!#6.#7%!%)/,!9:!0,%!()*&%*!

/960)#6%*.;! .9! 0,%! .8)((! /960)#6%*.!D%*%! .'**9'67%7!<-!D)0%*=!>,%!7)0%! )67! 0#8%!9:! :)%/)(!



! ^Q^!

.)8+(%! /9((%/0#96! D).! *%/9*7%7! 96! <90,! ()*&%! /960)#6%*.=! >,%! :)%/)(! .)8+(%.! D%*%! 0,%6!

#88%7#)0%(-!+()/%7!#609!0,%#*!,9'.%,9(7!:*%%b%*!2F^Qñ![5!'60#(!0,%-!D%*%!*%0'*6%7!09!0,%!/(#6#/=!

46!#6.'()0%7!/,#((-!<)&!)67!)6!#/%F+)/M;!D).!+*91#7%7!:9*!0*)6.+9*0!9:!0,%!:)%/)(!.)8+(%.!09!0,%!

/(#6#/=!k+96!)**#1)(!09!0,%!*%.%)*/,!/(#6#/!)!*%.%)*/,%*;!D#0,9'0!7%()-;!.09*%7!0,%!:)%/)(!.)8+(%.!

#6!0,%!FEQñ![!:*%%b%*!'60#(!)6)(-.#.=!K)%/)(!.)8+(%.!D%*%!0*)6.+9*0%7!<-!e9*(7![9'*#%*ì!'.#6&!

7*-! #/%! 09! 8)#60)#6! 0%8+%*)0'*%;! 09! 0,%! k6#1%*.#0-! 9:! R0)&9;! N#/*9<#9(9&-! 7%+)*08%60! :9*!

8#/*9<#90)!)6)(-.#.!!

B$&-3')0+5'+&*-*,*?=%'%-
IL=4)R,%/-,(+;4/;84')i1);-(;A6=!TA4!D).!%J0*)/0%7!:*98!^HQ!8&!:)%/%.!)//9*7#6&!09!0,%!M#0!

+*909/9(!+*91#7%7!<-!0,%!8)6':)/0'*%*!239D%*?9#(!TA4!#.9()0#96!M#0;!N9!@#9;![)*(.<)7;![4;!

k?45;! D#0,! 0,%! :9((9D#6&! 897#:#/)0#96Y! :)%/)(! .)8+(%.! D%*%! .'.+%67%7! #6! "8U! 9:! >A"HQ!

<'::%*!2/960)#6#6&!"Q!8N!>$a?F[U!+j!E=Q;!"HQ!8N!A)[(5=!>,%!.'.+%6.#96!D).!/%60*#:'&%7!

)0!"G;XQQó&!2P!8#6;!Hñ[5!)67!0,%6!.'.+%67%7!#6!WQQ!ò(!.9('0#96!:*98!0,%!39D%*@%)7!>'<%.=!

>,%!.'.+%6.#96!D).!)77%7!<)/M!09!0,%!39D%*@%)7!>'<%.!)67!0,%!.0)67)*7!+*909/9(!:9((9D%7=!

TA4!D).!%('0%7!#6!"QQ!ò(!9:!%('0#96!<'::%*!2WQñ[5!)67!.09*%7!)0!FEQñ[=!>9!/,%/M!_')(#0-!)67!

_')60#0-!9:!&%698#/!TA4;!)!A)697*9+!"QQQ! .+%/0*9+,9098%0%*! 2>,%*89!K#.,%*!?/#%60#:#/;!

e)(0,)8;!N4;!k?45!)67!m'<#0!:('9*98%0%*!2>,%*89!K#.,%*!?/#%60#:#/;!e)(0,)8;!N4;!k?45!

D%*%!'.%7=!>,%6!0,%!/(%)6%7!TA4!D).!.%60!09!A%D!B%)()67!i%698#/.!U07=!2ABiU5!09!/)**-!

9'0!.,90&'6!8%0)&%698%!.%_'%6/#6&=!

ABiU!+*%+)*%7!PEG!>,*'+(%J!TA4!(#<*)*#%.!)67!/)**#%7!9'0!^ó"^H!<+!+)#*%7F%67!.%_'%6/#6&!

)/*9..!^G!()6%.!96!)6!a(('8#6)!j#?%_!^HQQ!#6.0*'8%60!2a(('8#6);!?)6!T#%&9;![4;!k?45=!>9!

.%_'%6/%!(#<*)*#%.;!)!8#6#8'8!9:!.#J!j#?%_!()6%.!D%*%!'.%7=!>9!0%.0!:9*!(#<*)*-!+*%+)*)0#96!

)67!.%_'%6/%! *'6!<#).;!8'(0#+(%! (#<*)*#%.!D%*%!+*%+)*%7! :9*!.%1%*)(! .)8+(%.=!46!)1%*)&%!9:!

"P;"HQ;HX"!2*)6&%!W;XVGQ;EVGF"W;QE";WHH5!*%)7.!D%*%!*%/91%*%7!:9*!%)/,!.)8+(%=!K9*!_')(#0-!

/960*9(!@@T'M! 2,00+.YZZ.9'*/%:9*&%=6%0Z+*9f%/0.Z<<8)+Z5!D).!'.%7! 09! 0*#8!)7)+0%*.;! *%891%!

(9D! _')(#0-! *%)7.! )67! *%891%! *%)7.! Ü"QQ! <+! ):0%*! 0*#88#6&=! c6%)7T)0)!

2,00+YZZ,'00%6,9D%*=.+,=,)*1)*7=%7'ZM6%)77)0)5!D).!'.%7!).!_')(#0-!/960*9(!09!*%891%!,'8)6!

&%698%! *%)7.! 2#=%=;!TA45! :*98!<)/0%*#)(! *%)7.;! #8+(%8%60#6&! 0,%!,&"V!7)0)<).%=!?%_'%6/%!

7)0)!'.%7!#6!0,#.!.0'7-!D#((!<%!7%+9.#0%7!D#0,!0,%!.,9*0F*%)7!)*/,#1%!2?$45=!!

J":! 9&*&'%&')*?-*,4-5'+',(+03*&')-*,*?=%'%--
3*%1#9'.! D9*M! <-! 0,%! 3$RNa?C! .0'7-! 0%)8! /)**#%7! 9'0! <#9#6:9*8)0#/! )6)(-.#.! 96! 0,%!

8#/*9<#90)! 7)0)=! N#/*9<#90)! 0)J9698#/! +*9:#(%.! D%*%! /*%)0%7! :*98! TA4! .%_'%6/%.! '.#6&!

N%0)3,()6!^=Q!21%*.#96!^=X=Q5!)//9*7#6&!09!7%:)'(0!+)*)8%0%*.!2?%&)0)!%0!)(=;!^Q"^5=!maaNC^!



! ^QP!

21%*.#96! ^Q"E=E! 2@9(-%6! %0! )(=;! ^Q"E5! 2,00+.YZZ_##8%^=9*&Z5! D).! '.%7! 09! )6)(-.%! 8#/*9<#90)!

/98+9.#0#96!)67!uF7#1%*.#0-;!'.#6&!/961%*0%7!9'0+'0!0)<(%.!:*98!N%0)3,()6!^=Q=!3C$NTa?3!

D).!'.%7!09!8%).'*%!&*9'+!7#.+%*.#96!2467%*.96;!^QQX5=!>,%!/98+9.#0#96!9:!0,%!+)*0#/#+)60].!

8#/*9<#90)!D).!/,)*)/0%*#.%7!#6!0%*8.!9:!%60%*90-+%.!2$%6)((;!^Q^Q5=!>,*%%!%60%*90-+%.!D%*%!

#7%60#:#%7! >)<(%! W="=! C60%*90-+%.! D%*%! +*%7#/0%7! '.#6&! $! .0)0#.0#/)(! .9:0D)*%! :9((9D#6&! 0,%!

)++*9)/,!7%./*#<%7!#6!4*'8'&'8!%0!)(=!24*'8'&)8!%0!)(=;!^Q"";!$%6)((;!^Q^Q5=!!



! ^QG!

N/3*)4aFO4I)'-%(!,(+;4+E4);,)%+,&!)'4(8);,(E()843&4<JV?QG$4',18&4

L)30&'3FG09 4A"&"#30&-10*96F9"6()*")#09
'C99

@&0*'.-)"302F9
C'()*9-)9
G'G(2"3-')99

C60%*90-+%!"!! $13/-,)%(124%)-,/*)4/;84
5/)-/*(3/-,)%(124!%/1';(,f((!
2<'0-*)0%F+*97'/#6&!<)/0%*#)(!
.+%/#%.5!

<90,!3)/#:#/!)67!
ABC!D98%6!

C60%*90-+%!^! !"#"$%&'()*+",-.'$%/*0(*1)02.
!"#"$%&'()*+",-.&"#"$,-2.
3'()%&'("//,0.+,-"1"0!2()/0#/!)/#7F
+*97'/#6&!<)/0%*#)(!.+%/#%.5!

3)/#:#/!D98%6!

C60%*90-+%!P! G138+*(A%/;1*124'!)-()'@4
=CC)%2/;'(/421-(;(!.(*/@4
J12(;+-+--1'43%+2((@4/;84
?),./;+3%)H(3/-,)%4'2(,.((4

ABC!D98%6!

2$%6)((;!^Q^Q5!

!

?0)0#.0#/)(!)6)(-.#.!D).!/)**#%7!9'0!'.#6&!a@N!?3??!.9:0D)*%!:9*!e#679D.!1%*.#96!^G=Q!2?3??!

a6/;![,#/)&9;!aU5=!A9*8)(#0-!9:!7)0)!D).!0%.0%7!'.#6&!,#.09&*)8.!)67!c9(89&9*91F?8#*691!

0%.0.=! $%&'(!)*+,%(-./-)/)@4 J(C);)**/-)/)@! 0)%%1-+2(-%+3(/-)/)@4 0)(**+;)**/-)/)! ! )67!

5(%2(-1,)'67/-,)%+(8),)'! *)0#9! D%*%! (9&)*#0,8#/)((-! 0*)6.:9*8%7! 2(65! 09! %6.'*%! )! 69*8)(!

7#.0*#<'0#96="!

>,%! "Q! <)/0%*#)(! :)8#(#%.!D#0,! 0,%! ,#&,%.0! *%()0#1%! )<'67)6/%!D%*%! #6/('7%7! #6! 7%./*#+0#1%!

)6)(-.%.! )67! ).! 9'0/98%.! #6! *%&*%..#96! )6)(-.%.;! 0,%!8%)6! *%()0#1%! )<'67)6/%! 9:! 0,%.%! "Q!

:)8#(#%.!090)((%7!\VQL!#6!<90,!3)/#:#/!)67!ABC!D98%6=!4(+,)F7#1%*.#0-!#.!)!8%).'*%!9:!0,%!

7#1%*.#0-!9:!0,%!8#/*9<#98%!D#0,#6!)!&#1%6!#67#1#7')(=!>,#.!.0'7-!'.%7!0,%!?,)6696!#67%J!)67!

3#%(9'].!C1%66%..!).!8%).'*%.!9:!uF7#1%*.#0-! 2*#/,6%..Z! %1%66%..5=!K9*! %)/,!+)*0#/#+)60! 0,%!

5(%2(-1,)'67/-,)%(+8),)'!*)0#9!D).!/)(/'()0%7!<-!7#1#7#6&!0,%!*%()0#1%!)<'67)6/%!9:!0,%!+,-()!

5(%2(-1,)'!<-!0,%!*%()0#1%!)<'67)6/%!9:!7/-,)%(+8),)'=!!

N%)6.! )67! .0)67)*7! 7%1#)0#96.! 2?T5! D%*%! '.%7! 09! .'88)*#.%! )((! /960#6'9'.! 7)0);! %J/%+0!

1)*#)<(%.!0,)0!D%*%!(9&)*#0,8#/)((-!0*)6.:9*8%7;!D,#/,!D%*%!+*%.%60%7!).!&%98%0*#/!8%)6.!)67!

&%98%0*#/!.0)67)*7!7%1#)0#96.!2i?T5=!K*%_'%6/#%.!2L5!D%*%!*%+9*0%7!:9*!/)0%&9*#/)(!1)*#)<(%.=!

T#::%*%6/%.! <%0D%%6! %0,6#/! )67! @KL! &*9'+.! D%*%! 8%).'*%7! D#0,! 96%FD)-! 4ARS4;! D#0,!

@96:%**96#!+9.0!,9/!/9**%/0#96=!?%+)*)0%!8'(0#+(%!(#6%)*!*%&*%..#96!897%(.!D%*%!'.%7!09!)..%..!

)..9/#)0#96.!<%0D%%6!34!)67!?@!1)*#)<(%.!)67!<)/0%*#)(!*%()0#1%!)<'67)6/%!)67!uF7#1%*.#0-=!



! ^QH!

U9&#.0#/!*%&*%..#96!897%(.!D%*%!'.%7!09!)..%..!)..9/#)0#96.!<%0D%%6!34!)67!?@!1)*#)<(%.!)67!!

+*%.%6/%Z)<.%6/%!9:!%60%*90-+%.!"FP=!34!)67!?@!1)*#)<(%.!#6/('7%7!090)(!34!2/+85;!(#&,0!34!

28#6Z7)-5;!NS34!28#6Z7)-5!)67!8%%0#6&!1.!690!8%%0#6&!0,%!34!&'#7%(#6%.!)67!?@!2,*Z7)-5=!

4((!#67%+%67%60!1)*#)<(%.!D%*%!)..%..%7!:9*!/9((#6%)*#0-!<-!)..%..#6&!09(%*)6/%!)67!0,%!1)*#)6/%!

#6:()0#96!:)/09*!2SaK5=!?%7%60)*-!<%,)1#9'*!)67!(#&,0!34!D%*%!:9'67!09!<%!,#&,(-!/9**%()0%7!

2SaK! `! ""=W;! 09(%*)6/%! `! Q=QEH5I! 0,%*%:9*%;! 0,%.%! 1)*#)<(%.! D%*%! 690! #6/('7%7! #6! 0,%! .)8%!

*%&*%..#96! 897%(.;! #6.0%)7! )..9/#)0#96.! D#0,! %)/,! 9:! 0,%.%! 0D9! 1)*#)<(%.! D%*%! )..%..%7! #6!

.%+)*)0%!*%&*%..#96!897%(.=!!

$%&*%..#96!)6)(-.%.!D%*%!/967'/0%7!.%+)*)0%(-!:9*!ABC!)67!3)/#:#/!+)*0#/#+)60.=!$%.'(0.!)*%!

+*%.%60%7! :9*!<90,!'6)7f'.0%7! 2*%:%**%7! 09!).!897%(!"! #6! 0,%!>)<(%.5! )67!)7f'.0%7! 2:9*! )&%;!

7%+*#1)0#96;!@KL!&*9'+;!.(%%+!_')(#0-!23?ma5;!7#%0)*-!:#<*%!#60)M%!2897%(.!^!)67!P5!)67!%#0,%*!

NS34;! (#&,0! 34! 9*! ?@;! D,%*%! )++*9+*#)0%! 2897%(.! G! )67! H5=! $%&*%..#96! /9%::#/#%60.! 2ä5!

9<0)#6%7!:*98!(9&F0*)6.:9*8%7!7)0)!*%+*%.%60!*%()0#1%!7#::%*%6/%.!)67!D%*%!%J+*%..%7!).!)!*)0#9!

2<-!'.#6&!%)5=!K9*!)((!34!)67!?@!1)*#)<(%.!D%!%J+*%..%7!0,%!7#::%*%6/%!#6!&'0!8#/*9<#90)!+%*!"!

?T! #6/*%).%! 9:! 34! 9*! ?@=! 4..9/#)0#96.! D#0,! !F1)('%.! ÜQ=QH! D%*%! /96.#7%*%7! .0)0#.0#/)((-!

.#&6#:#/)60=!

J"A! ;/%$?&%-
!
T#%0)*-;!34;!8#/*9<#90)!)67!&%6%*)(!.0'7-!+9+'()0#96!/,)*)/0%*#.0#/.!)*%!+*%.%60%7! #6!>)<(%!

W=^=! 4! 090)(! 9:! PH"! D98%6! 099M! +)*0! #6! 0,%! D#7%*! 3$RNa?C! .0'7-;! D#0,! PQG! +)*0#/#+)60.!

/98+(%0#6&!)((!).+%/0.!9:!0,%!.0'7-!2c#67(%-.#7%.!%0!)(=;!^Q"V5=!R:!0,%.%!D98%6;!^WE!+*91#7%7!

1)(#7!)//%(%*98%0%*!7)0);!)67!D%*%!%(#&#<(%!09!0)M%!+)*0!#6!0,#.!.0'7-Y!""V!3)/#:#/!2GPL5!)67!

"HV!ABC!D98%6!2>)<(%!^5=!3)/#:#/!D98%6!D%*%!.#&6#:#/)60(-!-9'6&%*!0,)6!ABC!D98%6!D#0,!

,#&,!)67!(9D!@KL!<90,!,)7!)!8%)6!)&%!^H!-%)*.=!ABC!(9D!)67!,#&,F@KL!PQ!)67!PP!-%)*.!

*%.+%/0#1%(-! 2!"Q=QH5=! >,%*%! D%*%! 69! 7#::%*%6/%.! #6! 090)(! @KL! <%0D%%6! 3)/#:#/! )67! ABC!

D98%6!#6!0,%!,#&,!@KL!&*9'+=!3)/#:#/!D98%6!#6!0,%!(9D!@KL!&*9'+!,)7!.#&6#:#/)60(-!,#&,%*!

090)(!@KL!/98+)*%7!09!0,%#*!ABC!/9'60%*+)*0.!2!"Q=QH5=![98+)*%7!09!ABC!D98%6!D#0,!)!

,#&,! @KL;! ABC! D98%6! D#0,! )! (9D! @KL! *%+9*0%7! .#&6#:#/)60(-! <%00%*! .(%%+! _')(#0-;! ).!

8%).'*%7!<-!0,%!3?ma!2!"]=QH5=!3)/#:#/!D98%6!D%*%!.#&6#:#/)60(-!89*%!7%+*#1%7!0,)6!ABC!

D98%6!2!"Q=QH5=!U%..!0,)6!,)(:!9:!0,%!3)/#:#/!D98%6!D%*%!8%%0#6&!0,%!34!&'#7%(#6%.!2,#&,F

@KLI!̂ ^L!)67!(9DF@KLI!GWL5!/98+)*%7!D#0,!E"L!2(9DF@KL5!)67!XHL!2,#&,F@KL5!9:!ABC!

D98%6=!4((!&*9'+.!/96.'8%7!)6!)1%*)&%!%6%*&-!#60)M%!<%0D%%6!EPQE!)67!VQHG!MdZ7)-!D#0,!

)((!+)*0#/#+)60.!:)((#6&!D#0,#6!0,%!!^"QQ!MdZ7)-!)67!"GXQQ!MdZ7)-!/'0F9::.!2e#((%00;!^Q"^5=!



! ^QX!

!

)67!0,%*%!D).!69!.#&6#:#/)60!7#::%*%6/%!#6!)1%*)&%!090)(!%6%*&-!#60)M%!<%0D%%6!)((!:9'*!&*9'+.=!

3)/#:#/!D98%6!/96.'8%7!.#&6#:#/)60(-!89*%!/)*<9,-7*)0%!2&Z7)-5!0,)6!ABC!D98%6!2!"Q=QH5;!

<'0! 69! 7#::%*%6/%! D,%6! /98+)*#6&! @KL! &*9'+.! D#0,#6! %)/,! %0,6#/! &*9'+=! >,%*%! D).! 69!

7#::%*%6/%!#6!:#<*%!#60)M%!<%0D%%6!3)/#:#/!D98%6!#6!0,%!,#&,!)67!(9D!@KL!&*9'+.!2"V=^!)67!

"V=E!&Z7)-!*%.+%/0#1%(-5;!D,#(.0!ABC!D98%6!#6!0,%!(9DF@KL!&*9'+!/96.'8%7!.#&6#:#/)60(-!

89*%! :#<*%! /98+)*%7! 09! 0,%! ,#&,F@KL! &*9'+! )67! 3)/#:#/! D98%6! #6! 0,%! (9D! @KL! &*9'+!

2!"Q=QH5=!>,%*%!D).!69!7#::%*%6/%!#6!:#<*%!#60)M%!<%0D%%6!3)/#:#/!)67!ABC!D98%6!#6!0,%!,#&,F

@KL!&*9'+!2"V=^!)67!^^="!&Z7)-!*%.+%/0#1%(-5=!R'0!9:!)((!0,%!:9'*!&*9'+.;!96(-!0,%!ABC!(9DF

@KL!&*9'+].!8%)6!:#<*%!#60)M%!D).!)<91%!0,%!*%/988%67%7!7)#(-!#60)M%!2$Ta5!9:!V^H&Z7)-=!!

e,%6!#61%.0#&)0#6&!uF7#1%*.#0-!26'8<%*!9:!+*%7#/0%7!.+%/#%.;!3#%(9'].!C1%6%..!)67!?,)6696!

#67%J5!0,%!)1%*)&%!6'8<%*!9:!+*%7#/0%7!.+%/#%.!*)6&%7!:*98!WQ!)896&!ABC!D98%6!D#0,!)!

,#&,!@KL;!09!WX!)896&!3)/#:#/!D98%6!D#0,!)!(9D!@KL=!>,%*%!D%*%!69!.#&6#:#/)60!7#::%*%6/%.!

<%0D%%6!)((!:9'*!&*9'+.!D,%6!/98+)*#6&!6'8<%*!9:!+*%7#/0%7!.+%/#%.=!>,%!8#/*9<#90)!9:!ABC!

D98%6!D#0,!)! (9D!@KL!D).!/,)*)/0%*#.%7!<-!.#&6#:#/)60(-!,#&,%*!3#%(9'].!%1%66%..!2Q=XE5!

27#.0*#<'0#96!9:!.+%/#%.!+*%.%605!D,%6!/98+)*%7!09!0,%#*!3)/#:#/!/9'60%*+)*0.!2Q=W"5=!!>,%*%!D).!

69!7#::%*%6/%! #6!?,)6696! #67%J!<%0D%%6!&*9'+.! *)6&#6&! :*98!G=^! #6!<90,!3)/#:#/!)67!ABC!

D98%6!D#0,!)!,#&,F@KL!09!G=G!#6!ABC!D98%6!D#0,!)!(9D!@KL=!3)/#:#/!D98%6!D#0,!)!,#&,F

@KL! ,)7! )! .#&6#:#/)60(-! ,#&,%*! 5(%2(-1,)'67/-,)%+(8)'! *)0#9! D,%6! /98+)*%7! 09! )((! 90,%*!

&*9'+.! 2!"Q=QH5=! >,%*%! D).! 69! .#&6#:#/)60! 7#::%*%6/%! #6! 0,%! 5(%2(-1,)'67/-,)%+(8)'! *)0#9!

<%0D%%6!ABC!D98%6!D#0,!)!(9DF!)67!,#&,F@KL=!!

>,%*%!D).!69!7#::%*%6/%!<%0D%%6!)((!:9'*!&*9'+.!#6!*%()0#1%!)<'67)6/%!9:!J12(;+-+--/-)/)@!

W/-.;+'!(%/-)/);!$13/-,)%(/-)/)@4P+%(+3/-,)%(/-)/)4/;840)(**+;)**/-)/F43)/#:#/!D98%6!,)7!

.#&6#:#/)60(-!,#&,%*!*%()0#1%!)<'67)6/%!9:47(E(8+3/-,)%(/-)/)!)67!J(C);)**/-)/)!/98+)*%7!09!

ABC!D98%6!27(E(8+3/-,)%(/-)/)I!3)/#:#/!(9DF!)67!,#&,F@KL!)67!ABC!(9DF!)67!,#&,F@KL!

*%.+%/0#1%(-I!"X=EEL;!"E=H^L;!X=XXL!)67!E=QPL!)67!J(C);)**/-)/)h43)/#:#/!(9DF!)67!,#&,F

@KL!)67!ABC!(9DF!)67!,#&,F@KL!*%.+%/0#1%(-I!"=PEL;!Q=WPL;!^=W^L!)67!"=WVL!5=!$%()0#1%!

)<'67)6/%!9:!$%&'(!)*+,%(-./-)/)!D).!.#&6#:#/)60(-!,#&,%*!)896&!3)/#:#/!D98%6!/98+)*%7!09!

ABC! D98%6! )67! 3)/#:#/! D98%6! D#0,! )! (9DF@KL! 2Q=^HL! 1.! Q=WEL! *%.+%/0#1%(-5! ,)7!

.#&6#:#/)60(-! ,#&,%*! *%()0#1%! )<'67)6/%! /98+)*%7! 09! 0,%#*! ,#&,F@KL! 2Q=P^L! 1.! ^=HXL!

*%.+%/0#1%(-5!/9'60%*+)*0.=!3)/#:#/!1%*.'.!ABC!D98%6!D#0,!)!,#&,F@KL!,)7!)!.#&6#:#/)60(-!

(9D%*!*%()0#1%!)<'67)6/%!9:!0)%%1-+2(-%+3(/-)/)42Q=WPL!)67!"=PVL!*%.+%/0#1%(-5=!$%()0#1%!



! ^QW!

)<'67)6/%! 9:! 7/-,)%+(8/-)/)! D).! .#&6#:#/)60(-! (9D%*! )896&! 3)/#:#/! D98%6! D#0,! )! ,#&,F!

1%*.'.!(9DF@KL!2P=HXL!1.!W=EPL5!)67!ABC!D98%6!D#0,!)!,#&,!@KL!2W=GGL5=!!

C60%*90-+%! ^! D).! +*%798#6)0%(-! /,)*)/0%*#.#6&! 3)/#:#/! D98%6;! )67! +)*0#/'()*(-! .#&6#:#/)60!

)896&!0,9.%!D#0,!)!,#&,F@KL!/98+)*%7!09!)!(9DF@KL!!2!"Q=QH5I!3)/#:#/!D98%6!,#&,F!)67!

(9DF@KL;!6!`!PH!)67!6!`!^"!*%.+%/0#1%(-;!/98+)*%7!09!!ABC!D98%6!,#&,F!)67!(9DF@KL!6!`!

X!)67!6!`!G! *%.+%/0#1%(-! 2!"Q=QH5=! !?#&6#:#/)60(-!89*%!ABC!D98%6!D%*%!/,)*)/0%*#.%7!<-!

%60%*90-+%!P!26!̀ !PP!)67!6!̀ !̂ W;!(9DF!)67!,#&,F@KL!*%.+%/0#1%(-5;!/98+)*%7!09!!3)/#:#/!D98%6!

26! `! E! )67! 6! `! ";! (9DF! )67! ,#&,F@KL! *%.+%/0#1%(-5! 2!"Q=QH5=! >,%*%! D).! 69! .#&6#:#/)60!

7#::%*%6/%!#6!+%*/%60)&%!9:!3)/#:#/!)67!ABC!D98%6!9*!D98%6!D#0,!)!,#&,!9*!(9DF@KL!D,9!

D%*%!/,)*)/0%*#.%7!<-!%60%*90-+%!"=!

!

!

!



! ^QE!

N/3*)4aF\4I)2+A%/!.(-@42(-%+3(+,/@43+8&4-+2!+'(,(+;4/;84!.&'(-/*4/-,(H(,&4-./%/-,)%(',(-'4
+E4</-(E(-4/;84LM$4B+2);4>;#\at943&43+8&4E/,4D4A%+1!4

Characteristic Pacific 
 

NZE 
 <35% body fat 

Mean (SD) 
!35% body fat 
Mean (SD) 

<35% body fat 
Mean (SD) 

!35% body 
fat 
Mean (SD) 

N  62 57 85 74 
Age (years) 
 

25 (7)ˆ 25 (6)ˆ 30 (7)† 33 (7)  
 
 

Anthropometry      
Weight (kg) 73.5 (11.8)†ˆ  99.8 (18.0)  63.1 (7.62)† 94.4 (12.30)  
Height (cm) 168 (6.61)  168 (7.33)  167 (5.61)  167 (7.05) 
BMI (kg/m2) 
 
 

25.8 (3.9)†ˆ 35.6 (6.0) 22.5 (2.1) 33.7 (3.8) 
Underweight n (%) 0 (0) 0 (0) 1 (1) 0 (0) 
Normal weight n (%) 30 (48)†ˆ 2 (4) 73 (86)† 3 (4) 
Overweight n (%) 23 (37)†ˆ 5 (9) 9 (11) 3 (4) 
Obese n (%) 9 (15)†ˆ 50 (88) 2 (2)† 68 (92) 
Total BF% (%) 
 

30.2(3.09)†ˆ 39.5(3.41)  27.8(4.46)† 41.2 (3.78)  

 Sleep quality      
PSQI global score  6 (3) 6 (3) 5 (2)† 7 (3) 

Socioeconomic     
NZDep2013 7(3)ˆ  8(2)ˆ 4(2) 5(2) 

Accelerometery     
Valid wear time per day (min/day)‡ 949 (68.1) 953 (82.9)  930 (56.3) 929.84 (58.6) 

MVPA (min/day) 
 
From SB data set 

23.8 ± 16.3ˆ 19.2 (15.1)ˆ 39.1 (18.4)† 30.4 (19.2) 

Light physical activity (min/day) 
 
From SB data set 

310 (79.3) 344 (95.9) 328 ± 79.5  320 ± 86.0  

Standardised total sedentary time« 
(hr/day)  

10.4  (1.38)ˆ 9.93 ± 1.59 9.69 ± 1.32 9.96 ± 1.58 

Total physical activity (cpm) 585 (168)ˆ 596 (177) 718 (180) 652 (210) 

Meet PA guidelines n (%) 29 (47)ˆ 22 (39)ˆ 69 (81) 48 (65) 
Daily nutrient intake      

Energy (kJ/day) 9054 (2766) 8913 (2534) 8335 (1699) 8308 (1836) 

Total CHO (g/day) 228.8 (77.8)ˆ 224.8 (73.0)ˆ 181.0 (54.6) 188 (56.2) 

¥! Total sugars¥ (g/day) 94.8 (38.9)ˆ 91.9 (42.3)ˆ 77.8 (26.5) 82.6 (30.6) 

¥! Total starch (g/day) 133.9 (47.5)ˆ 132.7 (43.3)ˆ 103.0 (40.2) 105.0 (34.0) 

Total dietary fibre (g/day) 19.8 (7.4)ˆ 19.2 (7.0) 26.2 (9.4)† 22.1 (6.8) 

Total protein (g/day) 84.5 (28.1) 86.2 (25.3) 85.3 (18.7) 85.0 (19.0) 

Total fat (g/day) 93.6 (30.7) 93.8 (30.6) 90.4 (27.2) 100.0 (30.9) 
Microbiota characteristics     

Alpha-diversity     

Predicted species abundance (n) 76 (12) 72 (12) 73 (9) 70 (9) 

Pielou’s Evenness  0.68 (0.05)ˆ 0.67 (0.06) 0.71 (0.05) 0.69 (0.05) 
Shannon index  4.3 (0.4) 4.2 (0.5) 4.4 (0.4) 4.2 (0.4) 

Firmicutes: Bacteroidetes ratio# 5.5 (2.5)† 14.6 (3.0)ˆ 5.8 (2.7) 8.2 (3.7) 

Relative abundance (%)     
Ruminococcaceae  26.41 (10.68) 25.13 (12.87) 29.11 (9.29) 26.34 (10.41) 

Lachnospiraceae 11.92 (5.13) 13.41 (7.87) 17.47 (6.50) 19.25 (10.13) 
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Characteristic Pacific 
 

NZE 
 <35% body fat 

Mean (SD) 
!35% body fat 
Mean (SD) 

<35% body fat 
Mean (SD) 

!35% body 
fat 
Mean (SD) 

Eubacteriaceae 13.85 (9.34) 14.75 (9.75) 15.24 (8.65) 18.95 (11.08) 

Bifidobacteriaceae 16.88 (13.46)ˆ 18.52 (13.62)ˆ 6.66 (8.28) 8.03 (8.03) 
Bacteroidaceae 7.83 (8.11)† 3.56 (4.09)ˆ 8.86 (6.87) 7.44 (7.70) 

Erysipelotrichaceae# 0.78 (8.67)†ˆ 2.56 (6.11)ˆ 0.25 (6.30) 0.32 (4.95) 

Rikenellaceae# 1.38 (5.42)ˆ 0.73 (5.31)ˆ 2.72 (3.00) 1.79 (4.85) 

Coriobacteriaceae# 2.12 (2.55) 3.03 (1.91) 1.87 (2.28) 2.03 (2.73) 
Verrucomicrobiaceae# 0.39 (7.69) 0.73 (5.31)ˆ 1.25 (11.02) 1.39 (10.80) 
Veillonellaceae#    1.25 (8.00) 0.44 (12.56) 0.30 (15.03) 0.13 (16.44) 
Enterotype (n present (%))     

Enterotype 1 33 (53) 21 (37) 48 (56) 41 (55) 

Enterotype 2 21 (34)†ˆ 35 (61)ˆ 4 (5) 6 (8) 
Enterotype 3  8 (13)ˆ 1 (2)ˆ 33 (39) 27 (36) 
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Microbiota characteristic Pacific    NZE   

 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
N 119 117 115 159 158 157 
 ! (95% CI)  ! (95% CI)  ! (95% CI)  ! (95% CI)  ! (95% CI)  ! (95% CI)  

Relative abundance (%)       
Ruminococcaceae  
 
 

-1.46 (-5.78, 2.86) -0.818 (-5.20, 3.57) 0.147 (-4.28, 4.58) -1.35 (-4.87, 2.17) -0.712 (-4.30, 2.87) -0.620 (-4.28, 3.34) 

Lachnospiraceae -0.139 (-2.57, 2.29) 0.151 (-2.25, 2.55) -0.094 (-2.54, 2.35) -2.03 (-5.01, 0.95) -2.32 (-5.35, 0.71) -2.42 (-5.49, 0.639) 
Eubacteriaceae 0.429 (-3.07, 3.93) 0.151 (-3.28, 3.58) 0.517 (-3.00, 4.04) 1.74 (-1.81, 5.29) 1.07 (-2.54, 4.68) 1.34 (-2.33, 5.01) 
Bifidobacteriaceae 1.98 (-2.98, 6.94) 1.43 (-3.58, 6.45) 0.575 (-4.49, 5.63) 2.60 (-0.28, 5.48) 2.08 (-0.797, 4.96) 1.94 (-1.00, 4.89) 
Bacteroidaceae -2.00 (-4.48, 0.49) -1.53 (-3.88, 0.822) -1.38 (-3.79, 1.03) -0.977 (-3.57, 1.61) -0.866 (-3.50, 1.77) -0.688 (-3.34, 1.97) 
Coriobacteriaceae 0.578 (-0.220, 1.38) 0.504 (-0.301, 1.31) 0.415 (-0.393, 1.22) 0.241 (-0.596, 1.08) 0.134 (-0.726, 0.993) 0.132 (-0.748, 1.01) 
 Ratio (95% CI)  Ratio (95% CI)  Ratio (95% CI)  Ratio (95% CI)  Ratio (95% CI)  Ratio (95% CI)  

Erysipelotrichaceae† 1.19 (0.555, 2.56) 1.07 (0.500, 2.27) 0.919 (0.426, 1.98) 0.751 (0.405, 1.39) 0.747 (0.399, 1.40) 0.705 (0.373, 1.33) 
Rikenellaceae† 0.774 (0.407, 1.47) -0.721 (0.383, 1.36) 0.736 (0.385, 1.40) 0.796 (0.491, 1.29) 0.862 (0.525, 1.41) 0.797 (0.483, 1.31) 
Verrucomicrobiaceae† 1.20 (0.393, 3.70) 1.22 (0.388, 3.82) 1.14 (3.03, 3.91) 2.10 (0.770, 5.73) 2.06 (0.742, 5.74) 1.70 (0.647, 4.45) 
Veillonellaceae†    1.18 (0.456, 3.06) 1.09 (0.421, 2.84) 1.05 (0.391, 2.82) 0.558  (0.175, 1.79) 0.676 (0.202, 2.26) 0.683 (0.201, 2.32) 
 ! (95% CI) ! (95% CI)  ! (95% CI)  ! (95% CI)  ! (95% CI)  ! (95% CI)  

Alpha-diversity        
Predicted species 
abundance 

1.00 (-3.54, 5.54) -0.143 (-4.30, 4.03) -1.14 (-5.33, 3.06) -0.722 (-3.99, 2.54) -0.032 (-3.36, 3.30) -0.244 (-3.51, 3.02) 
Pielou’s Evenness  0.006 (-0.016, 0.029) 0.002 (-0.019, 0.024) 0.001 (-0.003, 0.001) -0.028 (-0.046, -0.009)** -0.025 (-0.044, -0.006)* -0.025 (-0.044, -

0.005)* Shannon index  0.048 (-0.129, 0.226) 0.010 (-0.157, 0.177) -0.014 (-0.184, 0.156) -0.181 (-0.316, -0.046)** -0.154 (-0.292, -0.016)* -0.155 (-0.296, -
0.014)*  Ratio (95% CI)  Ratio (95% CI)  Ratio (95% CI)  Ratio (95% CI)  Ratio (95% CI)  Ratio (95% CI)  

Firmicutes:Bacteroidetes† 1.60 (1.07, 2.39)* 1.52 (1.05, 2.20)* 1.54 (1.05, 2.26)* 1.11 (0.734, 1.69) 1.05 (0.686, 1.60) 1.06 (0.687, 1.62) 
Model 1: Unadjusted. Model 2: Adjusted for age, deprivation index, body fat % group. Model 3: Model 2 + also adjusted for sleep quality (PSQI global 
score), dietary fibre intake (g/day) 
*P value <0.05, **P value "0.01, ***P  value "0.001. † data has been log transformed (ln). Pacific, participants who identify as Pacific. NZE, participants who 
identify as New Zealand European.  



! ^"^!

# (95% CI) = Difference between meeting and not meeting PA guidelines (reference group = meeting the PA guidelines and comparison group = not meeting 
PA guidelines) 
Regression coefficients (#) obtained from log-transformed data represent relative differences and were expressed as a ratio (by using e! ). 
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Model 1: Unadjusted. Model 2: Adjusted for age, deprivation index, body fat % group. Model 3: Model 2 + also adjusted for sleep quality (PSQI global 
score), dietary fibre intake (g/day) 
*P value <0.05, **P value "0.01, ***P  value "0.001. † data has been log transformed (ln). Pacific, participants who identify as Pacific. NZE, participants who 
identify as New Zealand European 
Regression coefficients (#) represents one standard deviation higher total physical acitivity (197 cpm/day). Regression coefficients (#) obtained from log-
transformed data represent relative differences and were expressed as a ratio (by using e! ). 
!
!
!
!
!
!
!



! ^"X!

4896&!3)/#:#/!<'0!690!ABC!D98%6;!%1%*-!96%!?T!2"V=^!8#6Z7)-5! #6/*%).%! #6!NS34!D).!

)..9/#)0%7!D#0,!,#&,%*!7/-,)%+(8/-)/)!*%()0#1%!)<'67)6/%!2"=HPL!>)<(%!W=H;!897%(!";!!#Q=QG5=!

C1%*-! 96%! ?T! #6/*%).%! #6! NS34! D).! )(.9! )..9/#)0%7! D#0,! ,#&,%*! 0)%%1-+2(-%+3(/-)/)4

*%()0#1%! )<'67)6/%! 2Q=XQWL;! '6)7f'.0%7;! !#Q=Q^V5! )896&! ABC! <'0! 690! 3)/#:#/! D98%6=!

j9D%1%*;!):0%*!)7f'.0#6&!:9*!@KL!&*9'+;!<90,!0,%.%!)..9/#)0#96.!D%*%!69!(96&%*!.0)0#.0#/)((-!

.#&6#:#/)60=!!

>,%! '6)7f'.0%7! )6)(-.#.! #6! ABC! D98%6! .,9D%7! %1%*-! 96%! ?T! #6/*%).%! #6! NS34! D).!

)..9/#)0%7!D#0,!.#&6#:#/)60(-!,#&,%*!uF7#1%*.#0-I!3#%(9'].!C1%66%..!2Q=QQV;!!!#Q=QP"5!2>)<(%!

W=H;! 897%(! "5;! ,9D%1%*;! ):0%*! /960*9((#6&! :9*! @KL! &*9'+;! 0,#.! )..9/#)0#96! D).! 69! (96&%*!!

.0)0#.0#/)((-!.#&6#:#/)60!2>)<(%!W=H;!897%(!^5=!C1%*-!"!?T!#6/*%).%!#6!NS34!D).!)..9/#)0%7!

D#0,!^^=EL!(9D%*!2>)<(%!W=H!897%(!H;!!#Q=QPG545(%2(-1,)'Y7/-,)%+(8),)'!*)0#9;!)896&!3)/#:#/!

D98%6=!k6)7f'.0%7!)67!)7f'.0%7!*%.'(0.!D%*%!,#&,(-!/98+)*)<(%=!!

!

!

!
!
!
!
!
!
!
!
!
!



! ^"W!

N/3*)4aFg4=''+-(/,(+;43),B));42+8)%/,)4,+4H(A+%+1'4!.&'(-/*4/-,(H(,&4>?0<=h42(;^8/&94/;842(-%+3(+,/4E/2(*&4%)*/,(H)4/31;8/;-)4>D94/;84
/*!./Z8(H)%'(,&4

I-#&'6-'3"9
#A"&"#30&-13-#9

@"#-C-#99 9 9 9 9 PWL9 9 9 9 9

' !"#$%&'& !"#$%&(& !"#$%&)& !"#$%&*& !"#$%&+& !"#$%&'& !"#$%&(& !"#$%&)& !"#$%&*& !"#$%&+&

5' ^^c! ^^d! ^^X! ^^X! ^^X! ^Xc! ^Xe! ^Xd! ^Xd! ^Xd!

' K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%&

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%!

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%!

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%!

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%&

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%&

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%&

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%&

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%&

K,??%&%$8%!fg!
hcXi!BATj!*%&!
1$%!:K!
,$8&%27%&

,$%-./0$&-123#-34$&567& & & & & & & & & & &

6$0"5.-.--3-&3&''
'
'

#"FE+[@O"EE#L+C"#B\+ #"!0+[@#"COL+<"E<\+ O"BE<+[@#"0EL+<"FB\+ O"<#0+[@!"FBL+<"!#\+ O"!BE+[@!"CFL+<"O<\+ O"N0B+[@O"B0BL+!"!<\+ #"!0+[@#"COL+<"E<\+ O"!OO+[@#"CBL+#"BB\+ O"ONB+[@#"0#L+#"BF\+ O"ON<+[@#"NCL+#"00\+

73-+5.,/"%3-&3&' O"#O0+[@#"<FL+#"F0\+
+
+

@O"###+[@#"FBL+#"<F\+ O"O<0+[@#"CFL+#"F!+\+ O"#0F+[@#"C<L+#"0B\+ O"<<C+[@#"#EL+#"BF\+ O"NC#+[@O"NBL+#"EN\+ @O"###+[@#"FBL+#"<F\+ #"ON+[@O"<FOL+!"C0\+ #"O<+[@O"CNL+!"F!\+ #"O<+[@O"COCL+!"CN\+
8$93-1&%"3-&3&' @O"B##+[@!"E#L+#"!E\+ @O"0OB+[@!"BOL+#"<B\+ @O"BOE+[@!"ECL+#"<!\+ @O"C0N+[@!"0BL+#"B<\+ @O"N!F+[@!"B<L+#"FB\+ O"O<#+[@#"FNL+#"FE\+ @O"0OB+[@!"0EBL+#"<B#\ + O"CF<+[@#"!CL+!"#C\+ O"O00+[@#"0OL+#"BN\+ O"!EB+[@#"C#L+!"O#\+
2":"4.93-1&%"3-&3&' @#"OB+[@C"ONL+#"EO\+ @O"BB<+[@!"#0L+O"CO\+ @O"<#N+[@<"<EL+!"0F\+ O"OFB+[@<"!NL+<"<B\+ @O"OOC+[@<"#BL+<"#0\+ @O"EOE+[@!"#EL+O"<0\+ @O"N!O+[@<"NBL+!"CC\+ @O"#CB+[@!"#0L+O"FC#\+ @O"BBN+[@!"<!L+O"FCE\+ @O"00E+[@!"#NL+O"FEE\+
23-1&%."43-&3&' #"F<+[O"OCBL+<"O!\e + #"#N+[@O"!NEL+!"FE\+ #"#!+[@O"<COL+!"F0\+ #"OE+[@O"CBFL+!"N0\+ #"OB+[@O"C!BL+!"FE\+ O"O#!+[@#"#CL+#"#N\+ #"#N+[@O"!NEL+!"FE\+ @O"!!O+[@#"CCL+#"OO\+ O"ONB+[@#"!!L+#"<N\+ @O"#!E+[@#"<0L+#"##\+
;.%".93-1&%"3-&3&' @O"CCE+[@O"E!FL+O"O!B\ + @O"<EO+[@O"B0EL+O"OEE\ + @O"<EF+[@O"BB<L+O"OE!\ + @O"CO<+[@O"E<#L+O"#!F\ + @O"<EO+[@O"BENL+O"##F\ + @O"<<O+[@O"NENL+O"O<0\ + @O"<EO+[@O"B0EL+O"OEE\ + @O"<#F+[@O"0#0L+O"OBN\ + @O"<0O+[@O"0EFL+O"OFC\ + @O"<<#+[@O"0<EL+O"O0B\ +
' R6)(/+[EF_+

=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

8%<,"/&=.1%"-+3-&3&.' O"E<#+[O"FB0L+#"C0\+ #"ON0+[O"N0<L+#"NE\+ #"#!+[O"0OFL+#"0E\+ #"!E+[O"0BOL+!"#!\+ #"!<+[O"0N<L+#"EE\+ #"#F+[O"B0CL+#"F#\+ #"O0+[O"0CCL+#"NE\+ #"!<+[O"E!OL+#"NF\+ #"#!+[O"B#BL+#"FO\+ #"#0+[O"B0<L+#"F0\+
6">&5&==3-&3&.' #"<B+[O"EC0L+!"O#\+ #"C!+[O"E0<L+!"O0\+ #"CO+[O"EF<L+!"OF\+ #"<!+[O"BNEL+!"O#\+ #"<C+[O"BEBL+#"EE\+ #"OC+[O"B<NL+#"!B\+ #"C!+[O"E0<L+!"O0\+ #"O<+[O"B#0L+#"<O\+ #"OB+[O"BFOL+#"<B\+ #"OF+[O"B<OL+#"<!\+
?&%%$-.0"-%.9"3-&3&.' #"O!+[O"FO0L+#"#E\+ O"E<#+[O"CCBL+#"E<\+ O"EB<+[O"CCEL+!"#F\+ #"#!+[O"CEEL+!"FO\+ #"ON+[O"CB!L+!"<!\+ O"NO0+[O"<BBL+O"ECB\e+ O"E<#+[O"CCBL+#"E<\+ O"NNN+[O"C!CL+#"OF\+ O"0<#+[O"CFFL+#"#B\+ O"0!O+[O"CF0L+#"#C\+
?&"==.5&==3-&3&./'''' O"B#F+[O"C0OL+#"C!\+ O"BO<+[!"#BL+#"CO\+ O"B#B+[O"CFEL+#"CN\+ O"0OF+[O"<0NL+#"<<\+ O"0<N+[O"CONL+#"<C\+ #"OB+[O"NC0L+#"BO\+ O"BO<+[O"CNOL+#"CO\+ #"O<+[O"FBEL+#"BO\+ #"OO+[O"FFFL+#"BO\+ #"O#+[O"F0!L+#"0B\+
& ,(--&2&.;&+

jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

,(--&2&.;&+
jk+[EF_+
=Q\l+9&2+/.&+
M,+(.;2&6'&*

8%9:-;#/0$<=/.>&& * * * * * * * * * *
4&%+,8-%+!7*%8,%7!2<.$+2$8%' @O"<BE+[@<"#!L+!"<C\+ O"#N0+[@!"<NL+!"NE\+ O"FE<+[@#"ECL+<"#<\+ O"CEB+[@!"!!L+<"!!\+ O"NOO+[@!"O#L+<"!#\+ O"ON!+[@#"<BL+#"F#\+ @O"<<0+[@O"0FOL+O"O0N\ + @O"CE0+[@#"EEL+#"OO\+ @O"0OF+[@!"!EL+O"B0F\+ O"O<#+[@O"O<FL+O"OE0\+



! ^"E!

I-#&'6-'3"9
#A"&"#30&-13-#9

@"#-C-#99 9 9 9 9 PWL9 9 9 9 9

' !"#$%&'& !"#$%&(& !"#$%&)& !"#$%&*& !"#$%&+& !"#$%&'& !"#$%&(& !"#$%&)& !"#$%&*& !"#$%&+&

5' ^^c! ^^d! ^^X! ^^X! ^^X! ^Xc! ^Xe! ^Xd! ^Xd! ^Xd!

4,%31.k7!"9%$$%77!! O"OOO+[@O"O#CL+O"O#<\+ O"OO#+[@O"O#!L+O"O#C\+ O"OO!+[@O"O##L+O"O#F\+ O"OOF+[@O"OOEL+O"O#E+\+ O"OOC+[@O"O#OL+O"O#0\+ O"OOE+[O"OO#L+O"O#0\e+ O"OOB+[@O"OO#L+O"O#N\+ O"OOB+[@O"OO#L+O"O#0\+ O"OON+[@O"OOCL+O"O#F\+ O"OO0+[@O"OO!L+O"O#N\+
:62$$1$!,$+%)!! @O"OOF+[@O"##!L+O"#O#\ + O"O#!+[@O"OEOL+O"##<\+ O"O!!+[@O"OB#L+O"#!C\+ O"OC#+[@O"ONEL+O"#FO\+ O"O<!+[@O"O0!L+O"#<0\+ O"OF0+[@O"OOCL+O"##0\+ O"OC<+[@O"O#EL+O"#OC\+ O"OC#+[@O"O!FL+O"#ON\+ O"O!F+[@O"OC<L+O"OEC\+ O"O<#+[@O"O<FL+O"OE0\+

' R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

R6)(/+[EF_+
=Q\+9&2+/.&+
M,+(.;2&6'&+

!"%0"-$1&,@23-1&%."4&1&.! O"0#N+[O"FNCL+#"#O\+ee+ O"0FF+[O"NOCL+@#"ON\e+ O"0F<+[O"FEBL+@#"OF\e+ O"00!+[O"NO#L+@O"EE#\e + O"00!+[O"NOBL+O"EBO\e+ O"EEC+[O"B!0L+#"!O\+ #"OC+[O"BN#L+#"!N\+ #"O!+[O"BC#L+#"!F\+ O"EN<+[O"0B<L+#"#B\+ #"OO+[O"B!#L+#"!<\+

Model 1: Unadjusted. Model 2: Adjusted for age, deprivation index, body fat % group. Model 3: Model 2 + also adjusted for sleep quality (PSQI global score), dietary fibre 
intake (g/day). Model 4: Model 3 + also adjusted for sedentary behaviour. Model 5: Model 3 + also adjusted for light physical activity (min/day). 
*P value <0.05, **P value "0.01,  ***P value "0.001.  † data has been log transformed (ln). Pacific, participants who identify as Pacific. NZE, participants who identify as New 
Zealand European.  
Regression coefficients (!) represents one standard deviation higher MVPA (19.19 min/day). Regression coefficients (!) obtain ed from log-transformed data represent 
relative differences and were expressed as a ratio (by using e! ). 
!
!
!
!



! ^"V!

?@!D).!690!)..9/#)0%7!D#0,!8#/*9<#90)! :)8#(-! *%()0#1%!)<'67)6/%! #6!3)/#:#/!D98%6! 2>)<(%!

W=X5=!4896&!ABC!D98%6;!%1%*-!96%!?T!#6/*%).%!#6!?@!2"=GH!,9'*.Z7)-5!D).!)..9/#)0%7!D#0,!

)!^EL!(9D%*!*%()0#1%!)<'67)6/%!9:!$%&'(!)*+,%(-./-)/)42!#Q=QPQ5I!>,#.!)..9/#)0#96!*%8)#6%7!

):0%*!/960*9((#6&!:9*!@KL!&*9'+;!)&%;!7%+*#1)0#96!#67%J;!.(%%+!_')(#0-;!7#%0)*-!:#<*%!#60)M%!)67!

NS34=!!!

4896&!3)/#:#/!D98%6;!?@!D).!690!)..9/#)0%7!D#0,!)6-!8%).'*%.!9:!uF7#1%*.#0-!!2>)<(%!W=X5=!

C1%*-!96%!?T!#6/*%).%!#6!ABC!D98%6].!?@;!D).!)..9/#)0%7!D#0,!)!.#&6#:#/)60(-!(9D%*!3#%(9'].!

C1%66%..!2FQ=Q"Q;! !#Q=Q^P5! )67! ?,)6696! #67%J!2FQ=QXH;! !#Q=QPE5! 2>)<(%! W=X! 897%(! "5;!

,9D%1%*!):0%*!/960*9((#6&!:9*!@KL!&*9'+!)..9/#)0#96.!D%*%!69!(96&%*!.0)0#.0#/)((-!.#&6#:#/)60!

2>)<(%!W=X!897%(.!^FG5=!

!

!
!



! ^^Q!

N/3*)4aFj4=''+-(/,(+;43),B));4')8);,/%&43)./H(+1%4>.+1%'^8/&94/;842(-%+3(+,/4E/2(*&4%)*/,(H)4/31;8/;-)4>D94/;84/*!./48(H)%'(,&43&4),.;(-(,&4

Microbiota 
characteristic 

Pacific     NZE    

 Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4 

n 119 117 115 115 159 158 157 157 
 Difference [# 

(95% CI)] per one 
SD increase 

Difference [# 
(95% CI)] per one 
SD increase 

Difference [# 
(95% CI)] per one 
SD increase 

Difference [# 
(95% CI)] per one 
SD increase 

Difference [# 
(95% CI)] per one 
SD increase 

Difference [# 
(95% CI)] per one 
SD increase 

Difference [# 
(95% CI)] per one 
SD increase 

Difference [# 
(95% CI)] per one 
SD increase 

Relative abundance 
(%) 

        

Ruminococcaceae  
 
 

"#$#%!&"%$'#(!)$*+,-! "#$+#!&"%$.+(!)$/#/-! "#$%'!&"%$+%(!)$0)#-! "#$''!&"%$.#(!#$)/-! ")$',.!&"#$0'(!#$'*-! ")$++,!&"'$),(!#$#/-! ")$+#*!&"'$).(!#$'#-! ")$%*0!&"'$#%(!#$%%-!

Lachnospiraceae )$#/#!&"#$))(!#$%+-! )$%)+!&")$0,*(!#$+0-! )$'+#!&")$*%(!#$+'-! )$'*%!&")$*/*(!#$./-! ")$'./!&"#$.0(!#$)/-! ")$%/*!&"#$/.(!#$))-! ")$+)+!&"#$/0(!)$*/'-! ")$)0'!&"#$.%(!#$%/-!

Eubacteriaceae )$,,'!&"#$)'(!'$%.-! )$0).!&")$0/(!'$+0-! )$0+/!&")$0%*(!'$.%-! )$/),!&"#$#'(!'$.%-! "#$#+!&"'$/)(!)$+',-! "#$')!&"'$0#(!)$+#/-! "#$#,!&"'$/*(!)$+/#-! "#$#+!&"'$0/(!)$.*'-!

Bifidobacteriaceae )$+0'!&"#$*'(!'$00-! )$/*'!&"#$,,(!%$'.-! )$//.!&"#$,.(!%$')-! )$/*'!&"#$0+(!%$+'-! )$./.!&")$/)0(!#$0,-! )$#).!&"#$')(!#$+#-! )$).0!&"#$',(!#$%0-! ")$'#0!&"#$,#(!#$#0-!

Bacteroidaceae )$#,+!&"#$).(!#$%0-! ")$%.'!&"#$.#(!)$0).-! ")$%/+!&"#$.+(!)$/*#-! ")$).)!&"#$%)(!#$')-! )$,,)!&")$+0#(!#$0)-! )$/*/!&")$%0+(!#$*0-! )$0+*!&")$%%#(!'$)%-! )$0/)!&")$%0)(!'$#'-!

Coriobacteriaceae )$)%,!&")$%.'(!)$+'+-! )$#'.!&")$'/)(!)$.'#-! )$#)+!&")$'0/(!)$+*+-! ")$)#,!&")$+%+(!)$+)%-! ")$).'!&")$+''(!)$%#0-! ")$)+*!&")$+%,(!)$%%*-! ")$).)!&")$++%(!)$%+'-! ")$#,,!&")$./0(!)$'+,-!

 Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Erysipelotrichaceae† #$#.!&)$/*.(!#$,,-! #$'.!&)$0,+(!#$0)-! #$'+!&)$0.,(!#$/*-! #$%%!&)$0*/(!#$*0-! )$,*0!&)$.%+(!)$*#%-11! )$/)0!&)$.%)(!)$*'*-1! )$,*0!&)$.'/(!)$*'+-1! )$/')!&)$.%.(!)$*,*-1!

Rikenellaceae† )$0.,!&)$,'/(!#$#/-! )$0#)!&)$.*+(!#$#)-! )$0#.!&)$.*,(!#$##-!
!

)$0*)!&)$,+#(!#$'.-! #$#'!&)$0*+(!#$%/-! #$#,!&)$*'/(!#$+.-! #$#+!&)$*#%(!#$+%-! #$#/!&)$0+#(!#$+0-!
Verrucomicrobiaceae† #$++!&)$0+%(!'$++-! #$+%!&)$0))(!'$..-! #$+,!&)$/*'(!'$,*-! #$+*!&)$/0*(!'$0'-! #$.'!&)$*/'(!'$+)-! #$./!&)$*0.(!'$.)-! #$+,!&)$*+.(!'$',-! #$%%!&)$0+#(!'$#)-!

Veillonellaceae †  )$0.,!&)$..)(!#$%%-! )$0%)!&)$.'/(!#$%#-! )$0%#!&)$.'%(!#$%'-! )$/+'!&)$++0(!#$'%-! )$*)#!&)$.+,(!#$+*-! )$*')!&)$.+%(!#$.,-! )$*#+!&)$.+)(!#$..-! #$)*!&)$.'.(!#$.*-!

 Difference [! 
(95% CI)] per 
one SD increase 

Difference [! 
(95% CI)] per 
one SD increase 

Difference [! 
(95% CI)] per 
one SD increase 

Difference [! 
(95% CI)] per 
one SD increase 

Difference [! 
(95% CI)] per 
one SD increase 

Difference [! 
(95% CI)] per 
one SD increase 

Difference [! 
(95% CI)] per 
one SD increase 

Difference [! 
(95% CI)] per 
one SD increase 

Alpha-diversity          



! ^^"!

Microbiota 
characteristic 

Pacific     NZE    

 Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4 

n 119 117 115 115 159 158 157 157 
Predicted species 
abundance 

)$#00!&"'$))(!'$%0-! ")$%.,!&"'$+#(!#$,*-! ")$%.0!&"'$%*(!#$,0-! ")$'#0!&"'$+)(!#$*,-! ")$%+#!&"#$0)(!#$#'-! ")$%*'!&"#$*#(!#$#'-! ")$+'+!&"#$*)(!#$).-! ")$,++!&"'$')(!)$*)0-!

Pielou’s Evenness  )$)),!&")$)).(!)$)#,-! )$)),!&")$)).(!)$)#/-! )$)),!&")$)).(!)$)#/-! )$))/!&")$))+(!)$)#*-! ")$)#)!&")$)#0(!")$))#-1! ")$))0!&")$)#/(!)$))#-! ")$))0!&")$)#/(!)$))#-! ")$)),!&")$)#,(!)$))%-!

Shannon index  )$)%,!&")$)+*(!)$#'#-! )$)%%!&")$)+*(!)$##.-! )$)%#!&")$).#(!)$##%-! )$)+%!&")$)+.(!)$#%#-! ")$),.!&")$#',(!")$))+-1! ")$).,!&")$##*(!)$))0-! ")$)..!&")$##*(!)$))*-! ")$)+0!&")$##.(!)$)')-!

 Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Ratio (95% CI) 
per one SD 
increase 

Firmicutes:Bacteroidetes
† 

#$)%!&)$0+0(!#$',-! #$#+!&)$*+/(!#$%/-! #$#+!&)$*+.(!#$%/-! #$).!&)$0,+(!#$'0-! )$0/'!&)$/'0(!#$).-! )$0%0!&)$,*+(!#$)#-! )$0%0!&)$,*%(!#$)#-! )$0'0!&)$,//(!#$)#-!

Model 1: Unadjusted. Model 2: Adjusted for age, deprivation index, body fat % group. Model 3: Model 2 + also adjusted for sleep quality (PSQI global score), dietary fibre 
intake (g/day). Model 4: Model 3 + also adjusted for moderate to vigorous physical activity (min/day) 
*P value <0.05, **P value "0.01,  ***P value "0.001.  † data has been log transformed (ln). Pacific, participants who identify as Pacific. NZE, participants who identify as New 
Zealand European.  
Regression coefficients (!) represents one standard deviation higher sedentary behaviour (1.45 hours/day). Regression coefficients (!) obtained from log -transformed data 
represent relative differences and were expressed as a ratio (by using e! ). 
 



! ^^^!

>,%!977.!9:!<%#6&!/,)*)/0%*#.%7!<-!%60%*90-+%!";!^!9*!P!D).!69!7#::%*%60!<%0D%%6!D98%6!D,9!

8%0! 0,%! 34! &'#7%(#6%.! )67! 0,9.%! D,9! 7#7! 690! 8%%0! 0,%! 34! &'#7%(#6%.! )67! 0,9.%! .+%67#6&!

#6/*%).%7!0#8%!#6!NS34!2>)<(%!W=W5=!4:0%*!/960*9((#6&!:9*!)((!+90%60#)(!/96:9'67%*.;!:9*!%1%*-!

"!?T!#6/*%).%!#6!090)(!34!2"VW!/+8Z7)-5!0,%!977.!)896&!ABC!D98%6!9:!<%#6&!/,)*)/0%*#.%7!

<-!%60%*90-+%!"!D%*%!"=X^P!0#8%.!!&*%)0%*!0,)6!<%#6&!/,)*)/0%*#.%7!<-!%60%*90-+%.!^!)67!P;!!)67!

0,%!977.!9:!<%#6&!/,)*)/0%*#.%7!<-!%60%*90-+%!P!D%*%!G"=XL!(9D%*!/98+)*%7!09!%60%*90-+%!"!

)67! ^=!4:0%*! /960*9((#6&! :9*! /96:9'67%*.! 2#6/('7#6&! 0#8%! .+%60! #6!NS345;! :9*! %1%*-! "!?T!

#6/*%).%!#6!?@!2"=GH!,9'*.Z7)-5!0,%!977.!9:!ABC!D98%6!/,)*)/0%*#.%7!<-!%60%*90-+%!"!D).!

PV=GL! (9D%*! /98+)*%7! D#0,! %60%*90-+%! ^! )67! P;! )67! 0,%! 977.! 9:! <%#6&! /,)*)/0%*#.%7! <-!

%60%*90-+%!P!D%*%!"=E^V!,#&,%*!/98+)*%7!D#0,!!%60%*90-+%!"!)67!^=!!

!
!



! ^^P!

N/3*)4aFa4V88'4+E43)(;A4-./%/-,)%(')843&4);,)%+,&!)'4O@4\4/;84b4B(,.4(;-%)/')84,(2)4'!);,4(;4!.&'(-/*4/-,(H(,&@4')8);,/%&43)./H(+1%4/;842)),(;A4
,.)4!.&'(-/*4/-,(H(,&4A1(8)*(;)'4

 Pacific     NZE 
 

    

 Model 1  Model 2 Model 3  Model 4  Model 5 Model 1 Model 2 Model 3  Model 4  Model 5 
Enterotype 119 117 115 115 115 159 158 157 157 157 
Total PA  OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
Enterotype 1 #$#/!&)$//)(!#$/0-! #$'%!&)$/*.(!#$*)-! #$')!&)$//#(!#$00-! ! ! #$.*!&#$#%(!'$'+-11! #$,'!&#$#%(!'$%'-11! #$,'!&#$#%(!'$%+-11! ! !

Enterotype 2 )$0)'!&)$.',(!#$''-! )$/.#!&)$+/*(!#$#0- ! )$/,,!&)$+0%(!#$''- ! ! ! )$00.!&)$+,)(!#$/)- ! )$*0,!&)$+*.(!#$*,- ! #$)+!&)$.%,(!'$))-! ! !

Enterotype 3 #$'.!&)$./*(!'$,0-! #$'*!&)$.,/(!'$*#-! #$',!&)$...(!'$0.-! ! ! )$,%.!&)$++/(!)$*)%-1! )$.*.!&)$+)*(!)$0,,-11! )$.0+!&)$%*/(!)$0.*-11 ! ! !

MVPA ! ! ! ! ! ! ! ! ! !
Enterotype 1 #$%0!&)$,,#(!'$0*-! #$%#!&)$0#,(!'$)*-! #$%)!&)$0)'(!'$#)-! #$'#!&)$+.+(!%$'+-! #$',!&)$.#/(!%$)*-! #$#*!&)$0,%(!#$,%-! #$#0!&)$0.)(!#$,.-! #$#,!&)$0#*(!#$,%-! )$*0/!&)$,0)(!#$+%- ! #$)/!&)$/+.(!#$.%-!

Enterotype 2 )$,.*!&)$+#%(!#$).- ! )$,0*!&)$+#.(!#$#+- ! )$,*+!&)$+#.(!#$#,- ! )$/,/!&)$+++(!#$%%- ! )$/.%!&)$+++(!#$'0- ! )$0'/!&)$+#*(!#$,%- ! )$0./!&)$+'.(!#$/%- ! )$*%.!&)$+..(!#$*'- ! )$0/.!&)$+)*(!#$0/- ! )$*+#!&)$+.'(!#$*,- !

Enterotype 3 #$%0!&)$,,#(!'$0*-! #$''!&)$..,(!'$,0-! #$'0!&)$.++(!%$))-! #$'#!&)$+.+(!%$'+-! #$',!&)$.#/(!%$)*-! )$0/+!&)$,%)(!#$'#- ! )$0,,!&)$,#.(!#$''- ! )$0/)!&)$,)*(!#$'+- ! #$),!&)$/#.(!#$.,-! )$*+0!&)$,..(!#$%/- !

Sedentary 
behaviour 

! ! ! ! ! ! ! ! ! !

Enterotype 1 )$0.%!&)$.**(!#$''- ! )$/*.!&)$.+,(!#$#,- ! )$/*+!&)$.+'(!#$#/- ! )$0%/!&)$..+(!#$',- ! ! )$,%#!&)$++0(!)$00/-11 ! )$,)#!&)$+#0(!)$0,%-11 ! )$,)*!&)$+'+(!)$0/+-11 ! )$,),!&)$+#+(!)$000-1! !

Enterotype 2 #$#*.!&)$0%/(!#$/)/-! #$%%#!&)$*)+(!#$*,)-! #$%+0!&)$*)+(!'$)#)-! #$'./!&)$0''(!#$*''-! ! #$)#/!&)$.%.(!#$*%%-! )$0,0!&)$++)(!#$/#'-! )$0./!&)$+++(!#$,.#-! )$0',!&)$+#*(!#$,'0-! !

Enterotype 3 )$*%,!&)$+0/(!#$0)#-! )$0%)!&)$+)'(!#$/#'-! )$0+#!&)$+)/(!#$/%*-! )$*)*!&)$%*.(!'$)*%-! ! #$,'%!&#$#+)(!'$%#)-11 ! #$0)0!&#$'%'(!'$,.+-11 ! #$/*/!&#$'''(!'$,+%-11 ! #$0'*!&#$'#/(!'$/+,-11 ! !

Meeting PA 
guidelines 

! ! ! ! ! ! ! ! ! !

Enterotype 1 )$.0.!&)$'0#(!#$''- ! )$./)!&)$',,(!#$''- ! )$,#%!&)$'0#(!#$%+- ! ! ! )$*%.!&)$+,)(!#$*)- ! )$*))!&)$+%,(!#$0,- ! )$*/+!&)$+,%(!'$).- ! ! !

Enterotype 2 '$)#)!&)$*.0(!+$''- ! '$#)+!&)$*.)(!+$,,- ! #$*'!&)$0+*(!+$%.-! ! ! )$,0#!&)$#%*(!%$%.- ! )$./*!&)$##%(!'$*,- ! )$+0*!&)$)*#(!'$,#- ! ! !

Enterotype 3 )$./.!&)$#+,(!'$'%- ! )$.*/!&)$#+%(!'$+*- ! )$.*%!&)$#%*(!'$.%- ! ! ! #$#/!&)$.,*(!'$+#-! #$'*!&)$,#+(!'$/'-! #$'+!&)$.0)(!'$,,-! ! !

Model 1: Unadjusted. Model 2: Adjusted for age, deprivation index, body fat % group. Model 3: Model 2 + also adjusted for sleep quality (PSQI global score), dietary fibre 
intake (g/day). Model 4: Model 3 + also adjusted for sedentary behaviour (for assessing MVPA) or MVPA (for assessing sedentary behaviour). Model 5: Model 3 + also 
adjusted for light physical activity (min/day) 



! ^^G!

*P value <0.05, **P value "0.01,  ***P value "0.001.  † Data has been log transformed (ln). Pacific, participants who identify as Pacific. NZE, participants who identify as 
New Zealand European. PA, physical activity. MVPA, moderate to vigorous physical activity. OR (e! ), odds ratio; 95% CI, 95% confidence interval. 
!
!
!



! ^^H!

J"C! @'%)$%%'+,--
e%!)#8%7!09!0%.0!D,%0,%*!34;!#6/('7#6&!8%%0#6&!0,%!ejR!34!&'#7%(#6%.;!7%896.0*)0%7!)6!

)..9/#)0#96!D#0,!0,%!&'0!8#/*9<#90)!uF7#1%*.#0-!)67!0)J9698#/!/98+9.#0#96!)0!0,%!:)8#(-!(%1%(;!

9:!,%)(0,-!3)/#:#/!)67!ABC!D98%6=!>9!9'*!M69D(%7&%;!96(-!96%!90,%*!.0'7-!,).!#61%.0#&)0%7!

7#::%*%6/%.! #6! 0)J9698#/! /98+9.#0#96! 9:! 0,%! &'0! 8#/*9<#90)! #6! *%()0#96! 09! 8%%0#6&! 34!

&'#7%(#6%.! 2@*%..)! %0! )(=;! ^Q"W5=! @*%..)! %0=! )(! 2^Q"W5=! #61%.0#&)0%7! 0,%! &'0! 8#/*9<#90)! 9:!

.%7%60)*-!)67!+,-.#/)((-!)/0#1%!2ejR!&'#7%(#6%.5!+*%8%69+)'.)(![)'/).#)6!D98%6!2@*%..)!

%0! )(=;! ^Q"W5=! e,#(.0! D%! :9'67! 69! .#&6#:#/)60! 7#::%*%6/%.! #6! &'0! 8#/*9<#90)! :)8#(-! *%()0#1%!

)<'67)6/%!<%0D%%6! 0,9.%!D,9!8%0! 0,%!34!&'#7%(#6%.!)67! 0,9.%!D,9!7#7!690;!@*%..)!%0=!)(=!

2^Q"W5! #7%60#:#%7! .#&6#:#/)60! 7#::%*%6/%.! #6! 0,%! *%()0#1%! )<'67)6/%.!

9:!7/%;)'()**/-)/)42!#Q=QQ"5! )67!V8+%(3/-,)%/-)/)!2!#Q=QQV5;! D#0,! )! ,#&,%*! +*%.%6/%! 9:!

0,%.%!<)/0%*#)(!:)8#(#%.!9<.%*1%7!#6!.%7%60)*-!D98%6=!j9D%1%*;!0,%!):9*%8%60#96%7!:)8#(#%.]!

*%()0#1%! )<'67)6/%.! D%*%! 1%*-! (9D;! Q=EXL! )67! Q=XXL! *%.+%/0#1%(-! D#0,#6! 0,%#*! .%7%60)*-!

+9+'()0#96;!)67!#0!#.!'6M69D6!D,%0,%*!0,#.!D9'(7!!%(#/#0!+,-.#9(9&#/)(!*%.+96.%=!4>,%!*%()0#1%!

)<'67)6/%!9:!7/%;)'()**/-)/)4)67!V8+%(3/-,)%/-)/)!#6!9'*!.0'7-!D%*%!)(.9!1%*-!(9D!2Ü"L5!

)67!7#7!690!:%)0'*%!#6!0,%!89.0!)<'67)60!"Q!<)/0%*#)!:)8#(#%.!0,'.!D%*%!690!#6/('7%7!#6!9'*!

)6)(-.#.=! @*%..)! %0=! )(=! 2^Q"W5! )(.9! :9'67! +)*0#/#+)60.! #6! 0,%! .%7%60)*-! &*9'+! /96.'8%7!

.#&6#:#/)60(-!(%..!:#<*%!)67!89*%!+*9/%..%7!8%)0!D,%6!/98+)*%7!09!0,%!)/0#1%!&*9'+=!>,%*%:9*%;!

7#::%*%6/%.!9<.%*1%7!#6!&'0!8#/*9<#90)!9:!.%7%60)*-!)67!+,-.#/)((-!)/0#1%!+)*0#/#+)60.;!8)-!#6!

:)/0! <%! 7'%! 09! 7#::%*%6/%.! #6! 7#%0)*-! #60)M%;! #6! +)*0#/'()*! :#<*%;! *)0,%*! 0,)6! 34=! e%! ,)1%!

+*%1#9'.(-!.,9D6!0,)0!D#0,#6!0,#.!+9+'()0#96;!8%%0#6&!34!&'#7%(#6%.!D).!690!)..9/#)0%7!D#0,!

090)(!%6%*&-;! 090)(!/)*<9,-7*)0%! 2.'&)*!9*! .0)*/,5;!9*! :#<*%! #60)M%! 2[,)+0%*!X5=!>,#.!&#1%.!'.!

/96:#7%6/%! 0,)0! 0,%! /96.'8+0#96! 9:! 0,%.%! 6'0*#%60.! )*%! (#M%(-! 690! /96:9'67#6&! 9'*! *%.'(0.=!

j9D%1%*! #0! #.! #8+9*0)60! 09! *%/9&6#.%! :#<*%! #.!)!<*9)7!/)0%&9*-!)67! #0! #.!+9..#<(%!96%!9:! ! #0.!

.'</)0%&9*#%.!2%=&=!+%/0#6;!+.-((#'8;!<%0)F&('/)6.;!(#&6#6!)67!/%(('(9.%5!/9'(7!<%!/96:9'67#6&!

9'*!*%.'(0.=!

e%!)(.9!#61%.0#&)0%7!D,%0,%*!090)(!34;!NS34!)67!?@!D%*%!)..9/#)0%7!D#0,!0,%!,'8)6!&'0!

8#/*9<#90)=!a0!D).!#60%*%.0#6&!09!:#67!)896&!ABC!D98%6;!%1%*-!96%!?T!#6/*%).%!#6!090)(!34!

2"VW!/+8Z7)-5!D).!)..9/#)0%7!D#0,!PX=PL!,#&,%*!*%()0#1%!)<'67)6/%!9:!$%&'(!)*+,%(-./-)/)4

2!#Q=QP"5! )67! PW=VL! (9D%*! *%()0#1%! )<'67)6/%! 9:! 0)%%1-+2(-%+3(/-)/)! 2!#Q=Q^V5=!

?#&6#:#/)60(-!,#&,%*!$%&'(!)*+,%(-./-)/)4)<'67)6/%.!,)1%!+*%1#9'.(-!<%%6! *%+9*0%7! #6! %(#0%!

)0,(%0%.!D,%6!/98+)*%7!09!/960*9(.!2[()*M%!%0!)(=;!^Q"G<5=!C.0)M#!%0!)(=!2^Q"X5!#61%.0#&)0%7!0,%!

&'0!8#/*9<#90)!9:!#67#1#7')(.!D#0,!1)*-#6&!(%1%(.!9:!/)*7#9*%.+#*)09*-!:#06%..!8%).'*%7!<-!+%)M!



! ^^X!

9J-&%6! '+0)M%=! k.#6&! 7#%0)*-! *%/)((! 8%0,97;! +)*0#/#+)60].! 7#%0.! D%*%! 8)0/,%7! )67! #0! D).!

7%896.0*)0%7!0,)0!/)*7#9*%.+#*)09*-!:#06%..!D).!+9.#0#1%(-!/9**%()0%7!D#0,!:)%/)(!/9'60.!:9*!)!

6'8<%*! 9:! <)/0%*#)! :*98! 0,%! 798#6)60! +,-('8! 5(%2(-1,)'! 2.+%/#:#/)((-I! :)8#(-!

W/-.;+'!(%/-)/)! )67! :)8#(-! $%&'(!)*+,%(-./-)/)5! )67! )! ,#&,%*! +*97'/0#96! 9:! 0,%! ?[K4;!

<'0-*)0%=!e,#(.0! C.0)M#! %0! )(].=! 2^Q"X5! :#67#6&! .'++9*0.! 0,%! 0,9'&,0! 0,)0! #6/*%).%7! +,-.#/)(!

:#06%..!8)-!.'++9*0!91%*)((!&'0!,98%9.0).#.!)67!,%)(0,!0,*9'&,!/,)6&%.!#6!0,%!&'0!8#/*9<#90)!

D%! /)6690! 7*)D! .'/,! /96/('.#96.! :*98! 0,%! +*%.%60! .0'7-=! ?98%! <)/0%*#)! #6! 0,%!

$%&'(!)*+,%(-./-)/)! :)8#(-! )*%! M69D6! 09! <%! /)+)<(%! 9:! <'0-*)0%! +*97'/0#96;! ,9D%1%*! 0,%!

+*%.%60!.0'7-!).!D%((!).! 0,%!.0'7-!<-![()*M%!%0!)(=! 2^Q"G)5!7#7!690!/9((%/0!8%).'*%8%60.!9:!

:)%/)(! ?[K4=! >,%*%:9*%;! D%! 79! 690! M69D! #:! 0,%! #6/*%).%7! *%()0#1%! )<'67)6/%! 9:!

$%&'(!)*+,%(-./-)/)! #.! 0*)6.()0%7! #609! .#&6#:#/)60! /,)6&%.! #6! 0,%! )89'60! 9:! ?[K4! <'0-*)0%!

+*97'/%7!2<)/0%*#)(!:%*8%60)0#965=!>,'.;!D,#(.0!#0!#.!#60%*%.0#6&!09!:#67!0,%.%!.#&6#:#/)60!+9.#0#1%!

)..9/#)0#96.!<%0D%%6! #6/*%).%7! 090)(!34!)67! *%7'/%7!?@!)67! 0,%! *%()0#1%!)<'67)6/%!9:! 0,%!

<)/0%*#)(!:)8#(-!$%&'(!)*+,%(-./-)/)!#6!)!696F)0,(%0#/!+9+'()0#96!0,)0!+)*0#/#+)0%7!#6!(9D!(%1%(.!

9:!34;!D%!/)6690!.+%/'()0%!96!0,%!<#9(9&#/)(!8%)6#6&!9:!0,%.%!*%.'(0.=!K'*0,%*89*%;!0,%!*%()0#1%!

)<'67)6/%!9:!$%&'(!)*+,%(-./-)/)!#6!0,%!/'**%60!.0'7-].!+9+'()0#96!D).!(9D=!!

4:0%*!/960*9((#6&!:9*!+90%60#)(!/96:9'67%*.;!0,#.!.0'7-!:9'67!69!.#&6#:#/)60!)..9/#)0#96!<%0D%%6!

#6/*%).%7! 090)(! 34;! NS34! 9*! ?@! )67! uF7#1%*.#0-! 23*%7#/0%7! .+%/#%.! )<'67)6/%;! 3#%(9'].!

C1%66%..!)67!?,)6696!#67%J5=!j9D%1%*!#60%*%.0#6&(-;!:9*!ABC!D98%6!D,9!7#7!690!8%%0!0,%!

34!&'#7%(#6%.;!0,%!3#%(9'].!C1%66%..!2FQ=Q^H;!!#Q=Q"P5!)67!?,)6696!a67%J!2FQ="HH;!!#Q=QP"5!

D%*%! .#&6#:#/)60(-! (9D%*! /98+)*%7! 09! ABC! D98%6! D,9! 7#7! 8%%0! 0,%! 34! &'#7%(#6%.=!

a61%.0#&)0#6&!/988'6#0-F7D%((#6&!9(7%*!8%6;!!9<f%/0#1%(-!8%).'*%7!34!2.0%+!/9'605!D).!690!

)..9/#)0%7!D#0,!uF7#1%*.#0-! 9:! 0,%! &'0!8#/*9<#90)! 2?,)6696! #67%J! )67! 0,%! a61%*.%!?#8+.96!

#67%J!5!2U)6&.%089!%0!)(=;!^Q"V5=!j9D%1%*;!/960*)*-!09!0,%.%!:#67#6&.;!@)*096!%0!)(=!2@)*096!%0!

)(=;!^Q"E5!*%+9*0%7!&'0!<)/0%*#)(!uF7#1%*.#0-!2?,)6696!a67%J5!09!<%!,#&,%*!#6!+*9:%..#96)(!8)(%!

*'&<-! +()-%*.! /98+)*%7! D#0,! ,%)(0,-! /960*9(.=! 4(.9;! #0! ,).! <%%6! 7%896.0*)0%7! 0,)0!

/)*7#9*%.+#*)09*-! :#06%..! #.! +9.#0#1%(-! /9**%()0%7! D#0,! #6/*%).%7! &'0! 8#/*9<#)(! uF7#1%*.#0-!

2.+%/#%.!*#/,6%..;!/,)9";!?,)6696;!?#8+.96;!)67!K)#0,].!+,-(9&%6%0#/!7#1%*.#0-5!2C.0)M#!%0!)(=;!
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)..9/#)0%7!D#0,!9<%.#0-;!>^T!)67!)(0%*%7!<(997!&('/9.%!2N)&6%!%0!)(=;!^Q^Q;!U%0/,'8)6)6!%0!
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/98+9.#0#96!)0!)!7%%+%*! (%1%(!2*%()0#1%!)<'67)6/%!)0! 0,%!&%6'.!9*!.+%/#%.! (%1%(5!8)-!*%1%)(!

89*%!.#&6#:#/)60!:#67#6&.=!!



! ^GV!

P"A! M+,)?$4',G-0/3*0N%-
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Objectively Measured Physical
Activity Is Associated With Body
Composition and Metabolic ProÞles
of PaciÞc and New Zealand
European Women With Different
Metabolic Disease Risks
Joanne Slater 1, Rozanne Kruger 1*, Jeroen Douwes 2, Wendy J. OÕBrien1, Marine Corbin 2,
Jennifer L. Miles-Chan 3 and Bernhard H. Breier 1,4,5

1 School of Sport, Exercise and Nutrition, Massey University, Auckland, New Zealand,2 Research Centre for Hauora
and Health, Massey University, Wellington, New Zealand,3 Human Nutrition Unit, School of Biological Sciences, University
of Auckland, Auckland, New Zealand,4 Riddet Centre of Research Excellence, Palmerston North, New Zealand,
5 Microbiome Otago, University of Otago, Dunedin, New Zealand

Objective: To assess associations between physical activity (PA), body composition,
and biomarkers of metabolic health in PaciÞc and New Zealand European (NZE) women
who are known to have different metabolic disease risks.

Methods: PaciÞc (n = 142) or NZE (n = 162) women aged 18Ð45 years with a self-
reported body mass index (BMI) of either 18.5Ð25.0 kgám! 2 or " 30.0 kgám! 2 were
recruited and subsequently stratiÞed as either low (< 35%) or high (" 35%) BF%, with
approximately half of each group in either category. Seven-day accelerometery was
used to assess PA levels. Fasting blood was analysed for biomarkers of metabolic
health, and whole body dual-energy X-ray absorptiometry (DXA) was used to estimate
body composition.

Results: Mean moderate-to-vigorous physical activity (MVPA; mináday! 1) levels differed
between BF% (p < 0.05) and ethnic (p < 0.05) groups: PaciÞc high- 19.1 (SD 15.2) and
low-BF% 26.3 (SD 15.6) and NZE high- 30.5 (SD 19.1) and low-BF% 39.1 (SD 18.4).
On average PaciÞc women in the low-BF% group engaged in signiÞcantly less total PA
when compared to NZE women in the low-BF% group (133 cpm); no ethnic difference
in mean total PA (cpm) between high-BF% groups were observed: PaciÞc high- 607
(SD 185) and low-BF% 598 (SD 168) and NZE high- 674 (SD 210) and low-BF% 731
(SD 179). Multiple linear regression analysis controlling for age and deprivation showed
a signiÞcant inverse association between increasing total PA and fasting plasma insulin
among PaciÞc women; every 100 cpm increase in total PA was associated with a 6%
lower fasting plasma insulin; no signiÞcant association was observed in NZE women.
For both PaciÞc and NZE women, there was an 8% reduction in fasting plasma insulin
for every 10-min increase in MVPA (p # 0.05).

Frontiers in Physiology| www.frontiersin.org 1 May 2021 | Volume 12| Article 684782
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Pittsburgh Sleep Quality Index (PSQI) 

 
 

      Instructions: The following questions relate to your usual sleep habits during the past month only. Your answers  

      should indicate the most accurate reply for the majority of days and nights in the past month. Please answer           

      all questions.   
 

      1. During the past month, what time have you usually gone to bed at night? ___________________  

2. During the past month, how long (in minutes) has it usually taken you to fall asleep each night? __________ 

3. During the past month, what time have you usually gotten up in the morning?  ___________________  

4. During the past month, how many hours of actual sleep did you get at night? (This may be different than the 

number of hours you spent in bed.) ___________________  

 
5. During the past month, how often have you had  Not during  Less than  Once or  Three or more 
trouble sleeping because youÉ  the past  once a  tw ice a   times a week 
 month  week week   

a.  Cannot get to sleep within 30 minutes      

b.  Wake up in the middle of the night or early 
     morning    

    

c.  Have to get up to use the bathroom      

d.  Cannot breathe comfortably      

e.  Cough or snore loudly      

f.   Feel too cold      

g.  Feel too hot      

h.  Have bad dreams      

i.   Have pain      

j.   Other reason(s), please describe:     
     
     
6. During the past month, how often have you 
taken medicine to help you sleep (prescribed or 
Òover the counterÓ)?   

    

7. During the past month, how often have you had      
trouble staying awake while driving, eating meals, 
or engaging in social activity? 

    

 No Only a Somewhat A very big 
 problem very slight of a problem 
 at all problem problem  
8. During the past month, how much of a problem 
has it been for you to keep up enough enthusiasm 
to get things done?                 

    

 Very  Fairly  Fairly  Very 
 good good bad bad 
9.  During the past month, how would you rate 
your sleep quality overall? 

    

     
 
 

Name:__________________________________________                         Date: ________________ 
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