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�"ah_�*h

AMi`Q/m+iBQM,

J�Mv o2i2`�Mb rBi? Sha. bi`m;;H2 rBi? bvKTiQKb Q7 bQ+B�H /vb7mM+iBQM- BM+Hm/BM; BbQH�iBQM

(R) �M/ T?vbB+�H pBQH2M+2 (k)X *m``2Mi o2i2`�Mb �77�B`b Uo�V i`2�iK2Mib 2772+iBp2Hv /2+`2�b2

TQbii`�mK�iB+ bi`2bb bvKTiQKb UShaaV (j- 9- 8- e)- #mi /Q MQi /B`2+iHv i�`;2i bQ+B�H /vb@

7mM+iBQMX AM i?2 +m``2Mi bim/v- r2 BMp2biB;�i2 /27B+Bib BM irQ TQi2MiB�H K2+?�MBbKb, i`mbi

�M/ bQ+B�H `2bTQMbBp2M2bbX q2 T`QTQb2 iQ mb2 i?2 Bi2`�i2/ h`mbi :�K2 (d- 3)Ĝ �M 2+QMQKB+

2t+?�M;2 i�bF i?�i QT2`�iBQM�HBx2b i`mbi �M/ bQ+B�H `2bTQMbBp2M2bbĜ iQ BMp2biB;�i2 /B772`2M+2b

/m2 iQ Shaa b2p2`BivX q2 rBHH �HbQ BMp2biB;�i2 +?�M;2b �7i2` i`2�iK2Mi mbBM; i?2 h`mbi :�K2

BM � /�i�b2i Q7 o2i2`�Mb mM/2`;QBM; `2bB/2MiB�H i`2�iK2Mi 7Q` Sha. �i � o� J2/B+�H *2Mi2`X

q2 ?vTQi?2bBx2 i?�i i?Qb2 rBi? ;`2�i2` Shaa b2p2`Biv rBHH b?Qr /27B+Bib BM i`mbi Q` bQ+B�H

`2bTQMbBp2M2bb- �M/ i?2b2 /27B+Bib rBHH �bbm�;2 rBi? Shaa BKT`Qp2K2Mi �7i2` i`2�iK2MiX

J2i?Q/b,

q2 �M�Hvx2 � +`Qbb@b2+iBQM�H /�i�b2i Q7 +QK#�i@2tTQb2/ o2i2`�Mb (n = 153) �M/ � /�i�b2i

mM/2`;QBM; `2bB/2MiB�H i`2�iK2Mi 7Q` Sha. (n = 36)X Shaa �`2 K2�bm`2/ mbBM; i?2 Sha.

*?2+FGBbi US*GVX 1�+? o2i2`�M TH�vb � i2M@`QmM/ p�`B�Mi Q7 i?2 Bi2`�i2/ h`mbi :�K2X 1�+?
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`QmM/ BMpQHp2b 2t+?�M;2 #2ir22M i?2 o2i2`�M UQ` ǳBMp2biQ`ǴV r?Q Bb 2M/Qr2/ 0ky 2�+? `QmM/-

�M/ � ǳi`mbi22Ǵ- BM r?QK i?2 BMp2biQ` K�v 2Mi`mbi �Mv TQ`iBQM Q7 i?2 0kyX h?2 BMp2biK2Mi Bb

i`BTH2/ #27Q`2 #2BM; b2Mi iQ i?2 i`mbi22- �M/ i?2 i`mbi22 K�v `2im`M �Mv T`QTQ`iBQMX h`mbi Bb

QT2`�iBQM�HBx2/ �b BMp2biK2Mi- �M/ bQ+B�H `2bTQMbBp2M2bb Bb QT2`�iBQM�HBx2/ �b i?2 �#BHBiv Q7

i?2 i`mbi22Ƕb +?�M;2b BM `2bTQMb2 iQ i?2 BMp2biQ`ěǳi`mbi22 `2+BT`Q+BivǴěiQ T`2/B+i +?�M;2b

BM i?2 BMp2biQ`Ƕb M2ti `QmM/ BMp2biK2MiX

q2 BMp2biB;�i2 i?2 irQ TQi2MiB�H K2+?�MBbKb BM i?2 +`Qbb@b2+iBQM�H /�i�b2iX hQ /2i2`KBM2

i?2 `2H�iBQMb?BT #2ir22M i`mbi �M/ Shaa- r2 `2;`2bb BMp2biK2Mi QMiQ S*GX hQ BMp2biB@

;�i2 i?2 `2H�iBQMb?BT #2ir22M bQ+B�H `2bTQMbBp2M2bb �M/ Shaa- r2 `2;`2bb `QmM/ +?�M;2

BM BMp2biK2Mi QMiQ i?2 BMi2`�+iBQM Q7 S*G �M/ i`mbi22 `2+BT`Q+BivX q2 M2ti BMp2biB;�i2

i?2 BKT�+i Q7 i`2�iK2Mi BM i?2 `2bB/2MiB�H i`2�iK2Mi /�i�b2iX hQ /2i2`KBM2 i?2 BKT�+i

Q7 Shaa BKT`Qp2K2Mi QM i`mbi- r2 `2;`2bb +?�M;2 BM BMp2biK2Mi QMiQ S*G b+Q`2 +?�M;2

UposttreatmentĜpretreatmentVX hQ /2i2`KBM2 i?2 BKT�+i Q7 i`2�iK2Mi@`2H�i2/ +?�M;2 QM

bQ+B�H `2bTQMbBp2M2bb- r2 `2;`2bb `QmM/ +?�M;2 BM BMp2biK2Mi QMiQ i?2 BMi2`�+iBQM Q7 +?�M;2

BM S*G UposttreatmentĜpretreatmentV- pBbBi- �M/ i`mbi22 `2+BT`Q+BivX

_2bmHib,

AM i?2 +`Qbb@b2+iBQM�H /�i�b2i- ?B;?2` Shaa +Q``2H�i2b rBi? /2+`2�b2 BM i`mbi- QT2`�iBQM�HBx2/

�b BMp2biK2Mi Uβ1 = −0.002, p = 0.003∗∗, n = 153VX AM+`2�b2 BM i`mbi22 `2+BT`Q+Biv +Q``2H�i2b

rBi? BM+`2�b2 BM `QmM/ +?�M;2 BM BMp2biK2Mi Uβ1 = −0.25, p < 0.001∗∗∗, n = 153V- BM/B+�iBM;

o2i2`�Mb r2`2 bQ+B�HHv `2bTQMbBp2X h?2`2 r�b MQ Shaa@`2H�i2/ p�`B�iBQM BM bQ+B�H `2bTQMbBp2@

M2bb U0 < β3 < 0.001, p = 0.5, n = 153VX AM i?2 `2bB/2MiB�H i`2�iK2Mi /�i�b2i- H2bb Shaa

BKT`Qp2K2Mi +Q``2H�i2/ rBi? /2+`2�b2 BM i`mbi �7i2` i`2�iK2Mi Uβ1 = −0.006, p = 0.015∗, n =

36VX o2i2`�Mb r2`2 bQ+B�HHv `2bTQMbBp2 Uβ1 = 0.39, p < 0.001∗∗∗, n = 36V- rBi? � /2+`2�b2

BM `2bTQMbBp2M2bb �i TQbii`2�iK2Mi Uβ5 = −0.29, p = 0.001∗n = 36V �M/ � ;`2�i2` /2+`2�b2
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TQbii`2�iK2Mi BM i?Qb2 rBi? H2bb BKT`Qp2K2Mi BM Shaa Uβ7 = −0.01, p = 0.02∗, n = 36VX

*QM+HmbBQMb,

AM i?2 +`Qbb@b2+iBQM�H /�i�b2i- i`mbi /2+`2�b2/ rBi? ?B;?2` Shaa- r?BH2 bQ+B�H `2bTQMbBp2M2bb

/B/ MQi +?�M;2 rBi? Shaa b2p2`BivX h?Bb bm;;2bib i?�i o2i2`�Mb rBi? KQ`2 b2p2`2 Shaa b?Qr

/27B+Bib BM i`mbi- #mi MQi bQ+B�H `2bTQMbBp2M2bb- �M/ bmTTQ`ib /27B+Bi i`mbi �b � K2+?�MBbK

7Q` i?2 bQ+B�H /vb7mM+iBQM Q#b2`p2/ BM o2i2`�Mb rBi? Sha.X AM i?2 `2bB/2MiB�H i`2�iK2Mi

/�i�b2i- #Qi? i`mbi �M/ bQ+B�H `2bTQMbBp2M2bb /2+`2�b2/ rBi? H2bb BKT`Qp2K2Mi BM Shaa

�7i2` i`2�iK2MiX h?Bb bm;;2bib i?�i o2i2`�Mb r?Qb2 Shaa /Q MQi BKT`Qp2 rBi? i`2�iK2Mi

2tT2`B2M+2 7m`i?2` /2+HBM2 BM K2+?�MBbKb Q7 bQ+B�H 7mM+iBQMBM; �7i2` /Bb+?�`;2X AM i?2 �#b2M+2

Q7 � +QMi`QH ;`QmT- Bi Bb ?�`/ iQ /2i2`KBM2 r?2i?2` i?Bb /2+HBM2 Bb /m2 iQ bvKTiQK@`2H�i2/

Q`/2` 2772+i- Q` mMbm++2bb7mH i`2�iK2Mi Bib2H7X

h?2b2 7BM/BM;b bm;;2bi /2+`2�b2/ i`mbi- #mi MQi bQ+B�H `2bTQMbBp2M2bb- Bb � K2+?�MBbK Q7 bQ+B�H

/vb7mM+iBQM Q#b2`p2/ BM Sha.X 6m`i?2` BMp2biB;�iBQM BMiQ K2+?�MBbKb Q7 bQ+B�H /vb7mM+iBQM

�M/ i`2�iK2Mi@`2H�i2/ +?�M;2 BM o2i2`�Mb rBi? Sha.- i?2 B�i`Q;2MB+ 2772+ib /2b+`B#2/- �M/

i?2 r�v i?2b2 2772+ib +�M #2 KBMBKBx2/ Bb �HbQ M2+2bb�`vX h?2b2 7BM/BM;b H2M/ bmTTQ`i iQ

i`2�iK2Mib i?�i /B`2+iHv i�`;2i bQ+B�H /vb7mM+iBQM BM i?2 +QMi2ti Q7 i`2�iK2Mi@`2bBbi�Mi TQbi@

i`�mK�iB+ bi`2bb /BbQ`/2`X
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J2+?�MBbKb Q7 bQ+B�H /vb7mM+iBQM �M/
i`2�iK2Mi@`2H�i2/ +?�M;2 BM o2i2`�Mb rBi?

TQbii`�mK�iB+ bi`2bb /BbQ`/2` USha.V

E2Hb2v 1p� qBMF2H2`

:1L1_�G �l.A1L*1 �"ah_�*h

AMi`Q/m+iBQM, SQbii`�mK�iB+ bi`2bb /BbQ`/2` USha.V Bb � /2#BHBi�iBM; K2Mi�H BHHM2bb i?�i

/2p2HQTb �7i2` 2tTQbm`2 iQ HB72@i?`2�i2MBM; Q` i`�mK�iB+ bBim�iBQMbX avKTiQKb +�M BM+Hm/2

7H�b?#�+Fb- +?�M;2b BM KQQ/ �M/ bH22T- �M/ 722HBM; +QMbi�MiHv ǴQM@2/;2ǴX J�Mv o2i2`�Mb /2@

p2HQT Sha. �7i2` `2im`MBM; 7`QK +QK#�i- �M/ BM �//BiBQM iQ i?2 �7Q`2K2MiBQM2/ bvKTiQKb-

+�M bi`m;;H2 rBi? bQ+B�H /B77B+mHiB2b- BM+Hm/BM; BbQH�iBQM (R) �M/ T?vbB+�H pBQH2M+2 (k)X *m``2Mi

o2i2`�Mb �77�B`b Uo�V i`2�iK2Mib 2772+iBp2Hv /2+`2�b2 Sha. bvKTiQKb (j- 9- 8- e)- #mi /Q

MQi /B`2+iHv i�`;2i bQ+B�H /B77B+mHiB2bX

AM i?2 +m``2Mi bim/v- r2 BMp2biB;�i2 irQ TQi2MiB�H `2�bQMb o2i2`�Mb KB;?i bi`m;;H2 rBi? bQ@

+B�H bBim�iBQMb, i`mbi �M/ bQ+B�H `2bTQMbBp2M2bbX q2 T`QTQb2 iQ mb2 i?2 h`mbi :�K2(d- 3)-

r?B+? K2�bm`2b `2T`2b2Mi�iBQMb Q7 i`mbi �M/ bQ+B�H `2bTQMbBp2M2bb- iQ BMp2biB;�i2 /B772`2M+2b

BM #2?�pBQ` /m2 iQ Sha. bvKTiQKbX q2 rBHH �HbQ BMp2biB;�i2 +?�M;2b BM #2?�pBQ` �M/ bvKT@

iQKb �7i2` i`2�iK2Mi mbBM; i?2 h`mbi :�K2 BM � /�i�b2i Q7 o2i2`�Mb mM/2`;QBM; `2bB/2MiB�H

i`2�iK2Mi 7Q` Sha. BM � o� ?QbTBi�HX q2 #2HB2p2 i?�i i?Qb2 rBi? KQ`2 Sha. bvKTiQKb

rBHH ?�p2 2Bi?2` H2bb i`mbi Q` bQ+B�H `2bTQMbBp2M2bb- �M/ �7i2` i`2�iK2Mi- �Mv /B772`2M+2b rBHH

?�p2 /2+`2�b2/X

J2i?Q/b, q2 �M�Hvx2 QM2 /�i�b2i Q7 R8j +QK#�i@2tTQb2/ o2i2`�Mb rBi? p�`vBM; Sha.

bvKTiQKb Ui?2 Ǵ+`Qbb@b2+iBQM�HǴ /�i�b2iV- �M/ � b2+QM/ /�i�b2i Q7 je o2i2`�Mb mM/2`;QBM;

Kelsey E. Winkeler



`2bB/2MiB�H i`2�iK2Mi 7Q` Sha. UǴi`2�iK2Mi /�i�b2iǴVX 1�+? o2i2`�M TH�vb i2M `QmM/b Q7 i?2

h`mbi :�K2X 1�+? `QmM/- i?2 o2i2`�M UQ` ǳBMp2biQ`ǴV Bb ;Bp2M 0ky �M/ +�M 2Mi`mbi �Mv r?QH2

/QHH�` �KQmMi BM � Ǵi`mbi22ǴX h?2 i`mbi22 `2+2Bp2b i`BTH2 i?2 BMp2biK2Mi- �M/ i?2 i`mbi22 K�v

`2im`M �Mv r?QH2 /QHH�` �KQmMiX h?2 �KQmMi b2Mi #v i?2 BMp2biQ` Bb +QMbB/2`2/ � K2�bm`2

Q7 Ǵi`mbiǴ- �M/ i?2 `2H�iBQMb?BT #2ir22M +?�M;2b BM i?2 BMp2biQ`Ƕb #2?�pBQ` �M/ +?�M;2b BM

i?2 i`mbi22Ƕb #2?�pBQ` Bb +QMbB/2`2/ � K2�bm`2 Q7 ǴbQ+B�H `2bTQMbBp2M2bbǴX

q2 BMp2biB;�i2 i`mbi �M/ bQ+B�H `2bTQMbBp2M2bb BM i?2 +`Qbb@b2+iBQM�H /�i�b2iX hQ /2i2`KBM2

i?2 `2H�iBQMb?BT #2ir22M i`mbi �M/ bvKTiQK b2p2`Biv- r2 K2�bm`2 i?2 +Q``2H�iBQM #2ir22M

i?2 irQ p�`B�#H2b mbBM; � HBM2�` `2;`2bbBQMX hQ BMp2biB;�i2 i?2 `2H�iBQMb?BT #2ir22M bQ+B�H

`2bTQMbBp2M2bb �M/ bvKTiQK b2p2`Biv- r2 K2�bm`2 ?Qr i?2 `2H�iBQMb?BT #2ir22M +?�M;2 BM

BMp2biK2Mi #2ir22M `QmM/b �M/ +?�M;2 BM i`mbi22 #2?�pBQ` Bb `2H�i2/ iQ bvKTiQK b2p2`BivX

q2 M2ti BMp2biB;�i2 i?2 BKT�+i Q7 i`2�iK2MiX hQ /2i2`KBM2 i?2 BKT�+i Q7 BKT`Qp2K2Mi BM

bvKTiQK b2p2`Biv QM i`mbi- r2 K2�bm`2/ i?2 `2H�iBQMb?BT #2ir22M i?2 +?�M;2 BM bvKTiQK

b2p2`Biv UposttreatmentĜpretreatmentV �M/ +?�M;2 BM BMp2biK2MiX aQ+B�H `2bTQMbBp2M2bb Bb

+QMbB/2`2/ iQ #2 i?2 `2H�iBQMb?BT #2ir22M +?�M;2 BM BMp2biK2Mi #2ir22M `QmM/b �M/ +?�M;2

BM i`mbi22 #2?�pBQ`X hQ /2i2`KBM2 i?2 BKT�+i Q7 BKT`Qp2K2Mi BM bvKTiQK b2p2`Biv QM bQ+B�H

`2bTQMbBp2M2bb- r2 /2i2`KBM2/ /B772`2M+2b BM i?Bb `2H�iBQMb?BT #27Q`2 �M/ �7i2` i`2�iK2Mi �M/

#v +?�M;2 BM bvKTiQK b2p2`BivX

_2bmHib, AM i?2 +`Qbb@b2+iBQM�H /�i�b2i- KQ`2 b2p2`2 Sha. bvKTiQKb r�b `2H�i2/ iQ H2bb

BMp2biK2Mi- bm;;2biBM; H2bb i`mbi Uβ1 = −0.002, p = 0.003∗∗, n = 153VX AMp2biK2Mi #2ir22M

`QmM/b +?�M;2/ rBi? +?�M;2 BM i`mbi22 #2?�pBQ`- Uβ1 = −0.25, p < 0.001∗∗∗, n = 153V- �M/

r�b MQi /B772`2Mi /2T2M/2Mi QM Sha. bvKTiQK b2p2`Biv U0 < β3 < 0.001, p = 0.5, n = 153V-

bm;;2biBM; bQ+B�H `2bTQMbBp2M2bb r�b MQi `2H�i2/ iQ Sha. bvKTiQK b2p2`BivX

AM i?2 `2bB/2MiB�H i`2�iK2Mi /�i�b2i- H2bb Sha. bvKTiQK BKT`Qp2K2Mi r�b `2H�i2/ iQ H2bb BM@
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p2biK2Mi �7i2` i`2�iK2Mi Uβ1 = −0.006, p = 0.015∗, n = 36V- bm;;2biBM; i?Qb2 r?Q BKT`Qp2/

H2bb �HbQ /2+`2�b2/ i`mbi �7i2` i`2�iK2MiX h?2`2 r�b biBHH � `2H�iBQMb?BT #2ir22M +?�M;2 BM

BMp2biK2Mi #2ir22M `QmM/b �M/ +?�M;2 BM i`mbi22 #2?�pBQ` Uβ1 = 0.39, p < 0.001∗∗∗, n = 36VX

h?Bb `2H�iBQMb?BT r�b H2bb bB;MB7B+�Mi �7i2` i`2�iK2MiUβ5 = −0.29, p = 0.001∗n = 36V �M/ 2p2M

H2bb bB;MB7B+�Mi rBi? H2bb BKT`Qp2K2Mi BM bvKTiQKb Uβ7 = −0.01, p = 0.02∗, n = 36VX h?Bb

bm;;2bib i?�i r?BH2 i?2`2 r�b MQ `2�H /B772`2M+2 BM bQ+B�H `2bTQMbBp2M2bb BM o2i2`�Mb #27Q`2

i`2�iK2Mi- H2bb BKT`Qp2K2Mi BM bvKTiQKb r�b `2H�i2/ iQ � /2+`2�b2 BM bQ+B�H `2bTQMbBp2M2bb

�7i2` i`2�iK2MiX

*QM+HmbBQMb, AM i?2 +`Qbb@b2+iBQM�H /�i�b2i- KQ`2 b2p2`2 Sha. bvKTiQKb r�b `2H�i2/ iQ

H2bb i`mbi #mi MQ /B772`2M+2 BM bQ+B�H `2bTQMbBp2M2bbX h?Bb bm;;2bib H2bb i`mbi Bb � TQi2MiB�H

+�mb2 Q7 bQ+B�H /B77B+mHiB2b BM o2i2`�Mb rBi? Sha.X AM i?2 i`2�iK2Mi /�i�b2i- #Qi? i`mbi �M/

bQ+B�H `2bTQMbBp2M2bb /2+`2�b2/ rBi? H2bb BKT`Qp2K2Mi BM bvKTiQKb �7i2` i`2�iK2MiX h?Bb

bm;;2bib i?�i o2i2`�Mb r?Qb2 bvKTiQKb /Q MQi BKT`Qp2 rBi? i`2�iK2Mi ?�p2 � /2+HBM2 BM

i`mbi �M/ bQ+B�H `2bTQMbBp2M2bb �7i2` i`2�iK2MiX AM i?2 �#b2M+2 Q7 � +QMi`QH ;`QmT- Bi Bb ?�`/

iQ /2i2`KBM2 r?2i?2` i?Bb /2+HBM2 Bb /m2 iQ i?2 o2i2`�Mb TH�vBM; i?2 ;�K2 irB+2- Q` /m2 iQ

i?2 H�+F Q7 `2/m+iBQM BM bvKTiQKb �7i2` i`2�iK2MiX

h?2b2 7BM/BM;b bm;;2bi /2+`2�b2/ i`mbi- #mi MQi bQ+B�H `2bTQMbBp2M2bb- Bb `2H�i2/ iQ bQ+B�H

/B77B+mHiB2b Q#b2`p2/ BM o2i2`�Mb rBi? Sha.X Ai Bb BKTQ`i�Mi iQ 7m`i?2` HQQF �i i?2 /2+HBM2

BM bQ+B�H `2bTQMbBp2M2bb �M/ i`mbi BM o2i2`�Mb r?Qb2 bvKTiQKb /QMǶi BKT`Qp2 �b Km+? �7i2`

i`2�iK2Mi �M/ /2i2`KBM2 r?2i?2` i?2b2 +?�M;2b �`2 i`mHv � ?�`K7mH bB/2 2772+i Q7 BKT`QpBM;

H2bb rBi? `2bB/2MiB�H i`2�iK2MiX h?2b2 7BM/BM;b H2M/ bmTTQ`i iQ Sha. i`2�iK2Mib i?�i /B@

`2+iHv ?2HT o2i2`�Mb rBi? bQ+B�H /B77B+mHiB2b- HBF2 i`�mK� K�M�;2K2Mi i?2`�Tv �M/ �/�Ti2/

/B�H2+iB+ #2?�pBQ`�H i?2`�TvX

Kelsey E. Winkeler



*QMi2Mib

GBbi Q7 6B;m`2b tB

GBbi Q7 h�#H2b tBB

GBbi Q7 �##`2pB�iBQMb tBBB

R AMi`Q/m+iBQM R

RXR "�+F;`QmM/ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R

RXRXR SQi2MiB�H J2+?�MBbK R, .Bb`mTiBQM BM h`mbi X X X X X X X X X X X X X X k

RXRXk SQi2MiB�H J2+?�MBbK k, .Bb`mTiBQM BM aQ+B�H _2bTQMbBp2M2bb X X X X X k

RXk h?2 *m``2Mi aim/v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9

RXkXR >vTQi?2b2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9

k J2i?Q/b e

kXR S�`iB+BT�Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e

kXRXR avKTiQK a2p2`Biv J2�bm`2K2Mi X X X X X X X X X X X X X X X X X X X X e

kXk 1tT2`BK2Mi�H S`Q+2/m`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3

kXkXR h`mbi h�bF X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3

kXj .�i� �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR

pBBB



kXjXR AMp2biB;�iBM; bvKTiQK@`2H�i2/ /B772`2M+2b i`mbi �M/ +QQT2`�iBQM pbX

bQ+B�H `2bTQMbBp2M2bb X X X X X X X X X X X X X X X X X X X X X X X X X X X RR

kXjXk h`2�iK2Mi@`2H�i2/ *?�M;2b X X X X X X X X X X X X X X X X X X X X X X X Rk

j _2bmHib R8

jXR J2+?�MBbKb Q7 bQ+B�H /vb7mM+iBQM X X X X X X X X X X X X X X X X X X X X X X X X R8

jXRXR avKTiQK@`2H�i2/ /Bb`mTiBQM BM i`mbi X X X X X X X X X X X X X X X X X X R8

jXRXk aQ+B�H `2bTQMbBp2M2bb X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

jXk h`2�iK2Mi@`2H�i2/ +?�M;2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

jXkXR *?�M;2b BM i`mbi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

jXkXk h`2�iK2Mi@`2H�i2/ +?�M;2b BM bQ+B�H `2bTQMbBp2M2bb X X X X X X X X X X Rd

9 .Bb+mbbBQM kj

9XR J2+?�MBbKb Q7 aQ+B�H .vb7mM+iBQM, *QKT�`BM; >R �M/ >k X X X X X X X X X X kj

9Xk h`2�iK2Mi@`2H�i2/ *?�M;2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8

9Xj *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kd

"B#HBQ;`�T?v k3

�TT2M/B+2b je

�TT2M/Bt � amTTH2K2Mi�H J2i?Q/b jd

�XR amTTH2K2Mi�H S�`iB+BT�Mi �M/ S`Q+2/m`2 AM7Q`K�iBQM X X X X X X X X X X X X X jd

Bt



�XRXR _2+`mBiK2Mi �M/ 1t+HmbBQM *`Bi2`B� X X X X X X X X X X X X X X X X X X X jd

�Xk amTTH2K2Mi�H �bb2bbK2Mi AM7Q`K�iBQM X X X X X X X X X X X X X X X X X X X X X j3

�XkXR *QKQ`#B/BiB2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3

�XkXk .B�;MQbBM; Sha. X X X X X X X X X X X X X X X X X X X X X X X X X X X X jN

�XkXj *QKT�`BM; Sha. avKTiQKb �+`Qbb .�i�b2ib �M/ AKTmiBM; JBbbBM;

.�i� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jN

�Xj amTTH2K2Mi�H h�bF AM7`QK�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X 9R

�XjXR h�bF AMbi`m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R

�XjXk :2M2`�iBM; i?2 +QKTmi2` TH�v2` X X X X X X X X X X X X X X X X X X X X X 9R

�TT2M/Bt " amTTH2K2Mi�H _2;`2bbBQM PmiTmib 9k

"XR *`Qbb@b2+iBQM�H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9k

"Xk h`2�iK2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9k

t



GBbi Q7 6B;m`2b

kXR h`mbi h�bF 1tT2`BK2Mi�H Pp2`pB2rX X X X X X X X X X X X X X X X X X X X X X X X Ry

jXR h`mbi �M/ p�`vBM; TQbii`�mK�iB+ bi`2bb bvKTiQKb X X X X X X X X X X X X X X X RN

jXk avKTiQK BKT`Qp2K2Mi rBi? i`2�iK2Mi �M/ i`mbi X X X X X X X X X X X X X X X ky

jXj aQ+B�H `2bTQMbBp2M2bb rBi? p�`vBM; TQbii`�mK�iB+ bi`2bb bvKTiQKb X X X X X X kR

jX9 avKTiQK BKT`Qp2K2Mi rBi? i`2�iK2Mi �M/ bQ+B�H `2bTQMbBp2M2bb X X X X X X X kk

"XR amTTH2K2Mi�H BMp2biB;�iBQM Q7 bQ+B�H `2bTQMbBp2M2bb �M/ bvKTiQK b2p2`Biv #2@

7Q`2 �M/ �7i2` i`2�iK2MiX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j

tB



GBbi Q7 h�#H2b

kXR .2KQ;`�T?B+b �M/ +HBMB+�H +?�`�+i2`BbiB+b X X X X X X X X X X X X X X X X X X X X d

kXk h`mbi h�bF i2`Kb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N

tBB



GBbi Q7 �##`2pB�iBQMb

β _2;`2bbBQM +Q277B+B2Mi

∆investt *?�M;2 BM BMp2biK2Mi #2ir22M `QmM/b

∆investt=1 *?�M;2 BM Rst `QmM/ BMp2biK2Mi- posttreatment− pretreatment

∆recipt−1 *?�M;2 BM i`mbi22 `2+BT`Q+Biv- posttreatmentĜpretreatment

∆severity *?�M;2 BM S*G bvKTiQK b2p2`Biv- posttreatmentĜpretreatment

investt>1 J2�M BMp2biK2Mi 7Q` `QmM/b �7i2` Rbi `QmM/

�investt>1 *?�M;2 BM K2�M BMp2biK2Mi 7Q` `QmM/b �7i2` Rbi `QmM/- posttreatment−pretreatment

F 6 bi�iBbiB+- QmiTmi Q7 i?2 �LPo�

i _�r BMp2biK2Mi

investt AMp2biK2Mi �b `�iBQ Q7 iQi�H TQbbB#H2 BMp2biK2Mi- ky- BM � `QmM/- i

investt=1 AMp2biK2Mi BM i?2 7B`bi `QmM/X

investt>1 AMp2biK2Mi BM � `QmM/ �7i2` i?2 Rst `QmM/

j _�r i`mbi22 `2im`M

k _�r �KQmMi F2Ti #v i`mbi22

recipt−1 h`mbi22 `2+BT`Q+Biv BM i?2 T`BQ` `QmM/

symptoms SQbii`�mK�iB+ bi`2bb bvKTiQK b2p2`Biv K2�bm`2/ #v S*G

tBBB



visit o�`B�#H2 `2T`2b2Mi�iBp2 Q7 p�`B�iBQM �i TQbii`2�iK2Mi BM `2;`2bbBQM

Z 6Bb?2`Ƕb w@i2bi bi�iBbiB+

�LPo� �M�HvbBb Q7 o�`B�M+2

�l. �H+Q?QH lb2 .BbQ`/2`

�l.Ah �H+Q?QH lb2 .BbQ`/2` A/2MiB7B+�iBQM h2bi

".A "2+F /2T`2bbBQM BMp2MiQ`v

"aG "Q`/2`HBM2 bvKTiQK HBbi

*�Sa *HBMB+B�M �/KBMBbi2`2/ Sha. a+?2/mH2- .aJ@Ao p2`bBQM

*�Sa@8 *HBMB+B�M �/KBMBbi2`2/ Sha. a+?2/mH2- .aJ@8 p2`bBQM

.aJ@8 .B�;MQbiB+ �M/ ai�iBbiB+�H J�Mm�H Q7 J2Mi�H .BbQ`/2`b- 6B7i? 1/BiBQM

.aJ@8 .B�;MQbiB+ �M/ ai�iBbiB+�H J�Mm�H Q7 J2Mi�H .BbQ`/2`b- 7B7i? 2/BiBQM

.aJ@Ao .B�;MQbiB+ �M/ ai�iBbiB+�H J�Mm�H Q7 J2Mi�H .BbQ`/2`b- 7Qm`i? 2/BiBQM

.l. .`m; lb2 .BbQ`/2`

.l.Ah .`m; lb2 .BbQ`/2` A/2MiB7B+�iBQM h2bi

A_" AMbiBimiBQM�H _2pB2r "Q�`/

P16 PT2`�iBQM 1M/m`BM; 6`22/QK

PA6 PT2`�iBQM A`�[B 6`22/QK

PL. PT2`�iBQM L2r .�rM

S*G@8 Sha. *?2+FGBbi 7Q` .aJ@8

tBp



S*G@J Sha. *?2+FGBbi 7Q` .aJ@Ao- JBHBi�`v 1/BiBQM

Sha. SQbii`�mK�iB+ bi`2bb /BbQ`/2`

a*A. ai`m+im`2/ +HBMB+�H BMi2`pB2r 7Q` .aJ@Ao

a*A.@8 ai`m+im`2/ +HBMB+�H BMi2`pB2r 7Q` .aJ@8

a. ai�M/�`/ /2pB�iBQM

l _�M/QK p�`B�iBQM /m2 iQ bm#D2+i

o� o2i2`�Mb �77�B`b

o�J* o2i2`�Mb �77�B`b J2/B+�H *2Mi2`

tp



tpB



*?�Ti2` R

AMi`Q/m+iBQM

RXR "�+F;`QmM/

aQ+B�H BbQH�iBQM- `2H�iBQMb?BT /B77B+mHiB2b- �M/ mM+QMi`QHH�#H2 �M;2` �`2 BMi`mbBp2 2t�KTH2b Q7

bQ+B�H /vb7mM+iBQM Q#b2`p2/ BM K�Mv o2i2`�Mb rBi? Sha. (k)X o2i2`�Mb rBi? Sha. 2t?B#Bi

?B;?2` `�i2b Q7 T?vbB+�H pBQH2M+2 (R)- �;;`2bbBQM (R- N- Ry- RR- Rk- Rj- R9) �M/ /2+`2�b2/ rQ`F-

bQ+B�H- �M/ T�`2Mi�H 7mM+iBQMBM; (R8- Re- Rd)- 2bT2+B�HHv r?2M Sha. Bb +QKQ`#B/ rBi? bm#@

bi�M+2 mb2 /BbQ`/2` (R3)X AM �//BiBQM iQ i?2b2 /B`2+i 2772+ib- bQ+B�H /vb7mM+iBQM +�M /2+`2�b2

bQ+B�H +QMM2+i2/M2bb (RN- ky- kR)- r?B+? Bb i?Qm;?i iQ KQ/2`�i2 bmB+B/�H B/2�iBQM �M/ �ii2KTib

(kk- kj- k9)VX aQ+B�H /vb7mM+iBQM Bb �HbQ �bbQ+B�i2/ rBi? H2bb i`2�iK2Mi@b22FBM; #2?�pBQ` (k8)-

�/?2`2M+2 (ke- kd)- �M/ Qmi+QK2b (8- k3- kN- jy- jR- jk)X *m``2Mi o2i2`�Mb �77�B`b Uo�V

7B`bi@HBM2 i`2�iK2Mib 2772+iBp2Hv /2+`2�b2 K�Mv bvKTiQKb Q7 Sha. (j- 9- 8- e)- #mi /Q MQi

/B`2+iHv i�`;2i bQ+B�H /vb7mM+iBQMX P7 MQi2- i?2`2 �`2 2K2`;BM; i`2�iK2Mib i�`;2iBM; bQ+B�H

/vb7mM+iBQM, T`BQ` `�M/QKBx2/ +QMi`QHH2/ i`B�Hb U_*hbV Q7 h`�mK� J�M�;2K2Mi h?2`�Tv

BM o2i2`�Mb rBi? Sha. ?�p2 7QmM/ i?�i bQ+B�H �M/ 2KQiBQM�H `2?�#BHBi�iBQM +QKTQM2Mib

bT2+B7B+�HHv BKT�+i bm#D2+iBp2 K2�bm`2b Q7 bQ+B�H 2M;�;2K2Mi- �M/ bm;;2bi KmHiB+QKTQM2Mi

i`2�iK2Mib K�v bm++2bb7mHHv i�`;2i bQ+B�H /vb7mM+iBQM (jj- j9- j8- je- jd)X AM i?2 +m``2Mi

bim/v- r2 2p�Hm�i2 irQ TQi2MiB�H K2+?�MBbKb �bbQ+B�i2/ rBi? bQ+B�H /vb7mM+iBQM BM o2i2`�Mb

rBi? Sha.- �M/ �bb2bb r?2i?2` 2�+? Bb �bbQ+B�i2/ rBi? `2bTQMb2 iQ i`2�iK2MiX

R



k +ϑΞϿАζЁ SY BϩАЁϱβЛΫАϔϱϩ

RXRXR SQi2MiB�H J2+?�MBbK R, .Bb`mTiBQM BM h`mbi

PM2 +QMbi`m+i ?vTQi?2bBx2/ iQ #2 #Qi? /Bb`mTi2/ #v i`�mK� �b r2HH �b BKTQ`i�Mi 7Q` bQ@

+B�H 7mM+iBQMBM; Bb i`mbiX h`mbi Bb i?2 #2HB27 BM �MQi?2`Ƕb TQbBiBp2 BMi2MiBQMb �M/ bm#b2[m2Mi

rBHHBM;M2bb iQ �++2Ti bQ+B�H `BbFX GQr2` bm#D2+iBp2 i`mbi ?�b #22M �bbQ+B�i2/ rBi? ?B;?2` TQbi@

i`�mK�iB+ bi`2bb bvKTiQKb BM o2i2`�Mb �M/ �+iBp2 b2`pB+2K2K#2`b (j3)- �M/ �HbQ ?�b #22M

7QmM/ iQ T`2/B+i H2bb bQ+B�H 2M;�;2K2Mi (RN)X >B;?2` H2p2Hb Q7 bm#D2+iBp2 i`mbi +Q``2H�i2 rBi?

pB2rBM; 7`B2M/b �M/ 7�KBHv �b KQ`2 bmTTQ`iBp2- KQ`2 bQ+B�H bmTTQ`i@b22FBM; �M/ H2bb /vb7mM+@

iBQM�H +QTBM; #2?�pBQ` (jN)X _2/m+2/ i`mbi Bb QM2 TQi2MiB�H K2+?�MBbK Q7 bQ+B�H /vb7mM+iBQM

BM i?Qb2 rBi? Sha.- �b i?Qb2 r?Q /Q MQi BMp2bi �b Km+? BM BMi2`T2`bQM�H BMi2`�+iBQMb K�v

#2M27Bi H2bb 7`QK `2H�iBQMb?BTb �M/ BMbi2�/ bQHp2 Q` +QT2 rBi? T`Q#H2Kb mbBM; BM2772+iBp2 Q`

?�`K7mH K2+?�MBbKbX

_2+2Mi rQ`F BM #2?�pBQ`�H 2+QMQKB+b ?�b QT2`�iBQM�HBx2/ i`mbi mbBM; 2t+?�M;2 i�bFb BM+Hm/@

BM; i?2 h`mbi :�K2 (d- 3)X AM i?Bb ;�K2- T�`iB+BT�Mib �`2 2M/Qr2/ rBi? � bmK Q7 KQM2v �M/

?�p2 i?2 QTiBQM iQ b2M/ � TQ`iBQM Q7 Bi iQ � i`mbi22- r?Q K�v `2im`M bQK2 �KQmMi rBi?Qmi �Mv

K2�Mb Q7 2M7Q`+2K2MiX h?2 ;�K2 Bb /2bB;M2/ iQ +�Tim`2 BMi2`T2`bQM�H /vM�KB+b- BM+Hm/BM;

i`mbi �M/ +QQT2`�iBQMX h?2b2 QT2`�iBQM�HBx�iBQMb �bb2bb #Qi? i?2 BMBiB�H T`QT2MbBiv iQ i`mbi-

`27H2+i2/ BM i?2 BMp2biK2Mi /m`BM; i?2 7B`bi `QmM/- �M/ i?2 �#BHBiv iQ bmbi�BM +QQT2`�iBQM Qp2`

bm#b2[m2Mi `QmM/b- r?2`2 /2+BbBQMb �`2 BM7Hm2M+2/ #v BMi2`�+iBQMb rBi? i?2 i`mbi22X J2�@

bm`BM; BMp2biK2Mi Qp2` i?2 +Qm`b2 Q7 i?2 ;�K2 rBHH �HHQr mb iQ /2i2`KBM2 r?2i?2` /2+`2�b2/

i`mbi �M/ +QQT2`�iBQM �`2 K2+?�MBbKb Q7 bQ+B�H /vb7mM+iBQM BM o2i2`�Mb rBi? Sha.X

RXRXk SQi2MiB�H J2+?�MBbK k, .Bb`mTiBQM BM aQ+B�H _2bTQMbBp2M2bb

� b2+QM/ TQi2MiB�H K2+?�MBbK Q7 bQ+B�H /vb7mM+iBQM Bb `2/m+2/ bQ+B�H `2bTQMbBp2M2bbX aQ+B�H

`2bTQMbBp2M2bb Bb i?2 /2;`22 iQ r?B+? QM2 +?�M;2b BM #2?�pBQ` BM `2bTQMb2 iQ bQ+B�H bB;M�H- �M/



SYSY #ΞΫϡόЁϱЛϩβ j

Bb mb2/ BM bQ+B�H H2�`MBM; HBi2`�im`2 �b �M Q#b2`p�#H2 TQ`iBQM Q7 i?2 +QKTH2t /2+BbBQM@K�FBM;

T`Q+2bb BM bQ+B�H bBim�iBQMb (9y)X .B772`2M+2b BM bQ+B�H H2�`MBM; `�i2 ?�p2 #22M `2TQ`i2/ BM

rQK2M 2tTQb2/ iQ BMi2`T2`bQM�H pBQH2M+2 (9R- 9k) #mi ?�p2 MQi #22M bim/B2/ BM o2i2`�MbX

AM i?2 h`mbi :�K2- T�`iM2`b H2�`M �#Qmi Qi?2`bǶ `2bTQMb2b �M/ ?�p2 i?2 QTTQ`imMBiv iQ

�/Dmbi i?2B` #2?�pBQ` �++Q`/BM;Hvc Q#b2`p2/ #2?�pBQ`�H +?�M;2b UQ` H�+F i?2`2Q7V BM `2bTQMb2

iQ bQ+B�H bB;M�H rQmH/ i?2`27Q`2 7m`i?2` KQiBp�i2 BMp2biB;�iBQM BMiQ bQ+B�H H2�`MBM; /B772`2M+2b

BM o2i2`�Mb rBi? Sha.X

aQ+B�H `2bTQMbBp2M2bb Bb QT2`�iBQM�HBx2/ BM i?2 h`mbi :�K2 �b `2bTQMb2 iQ T�`iM2` `2+BT`Q+BivX

_2+BT`Q+Biv Bb � K2�bm`2 Q7 T`QT2MbBiv iQ `2bTQM/ iBi@7Q`@i�i (9j)- �M/ Bb � bi`QM; K2�bm`2

Q7 T�`iM2` #2?�pBQ` BM 7mim`2 `QmM/b (d) BM ?2�Hi?v +QMi`QHbX .v�/B+ BMi2`�+iBQMb BM r?B+?

TH�v2`b `2bTQM/ iQ T�`iM2` `2+BT`Q+Biv ivTB+�HHv /2p2HQT �M/ K�BMi�BM KQ`2 +QQT2`�iBp2 BM@

i2`�+iBQMb H2�/BM; iQ Kmim�H #2M27Bi (99- 98)- �M/ BM i?2 Bi2`�i2/ h`mbi :�K2- � T�`iM2`Ƕb

`2+BT`Q+Biv #2bi T`2/B+ib � ?2�Hi?v +QMi`QH bm#D2+iǶb bm#b2[m2Mi i`mbi (d- 9e)X 6m`i?2`KQ`2-

`2bTQMb2 iQ `2+BT`Q+Biv Bb 7QmM/ iQ #2 /Bb`mTi2/ BM � p�`B2iv Q7 TQTmH�iBQMb- BM+Hm/BM; i?Qb2

rBi? bQ+B�H �MtB2iv /BbQ`/2` (9d)- �Kv;/�H� H2bBQMb (93)- �M/ �miBbK bT2+i`mK /BbQ`/2` (9N)X

AMp2biB;�iBQMb BMiQ i?2 BKT�+i Q7 Sha. QM `2+BT`Q+Biv ?�p2 7Q+mb2/ QM 72K�H2 +BpBHB�Mb �M/

mbBM; p2`bBQMb Q7 i?2 h`mbi :�K2 rBi? K�MBTmH�i2/ i`mbi22 `2im`Mb UiQ #2 �`iB7B+B�HHv ǳ+Q@

QT2`�iBp2Ǵ Q` ǳmM+QQT2`�iBp2Ǵ- 2Bi?2` Qp2`�HH Q` /m`BM; bT2+B7B+ `QmM/b Q7 i?2 ;�K2Vc i?2`2

r�b MQ /B772`2M+2 BM `2+BT`Q+Biv #2ir22M +QMi`QHb �M/ i`�mK�@2tTQb2/ +BpBHB�Mb (9R- 9k- 8y)X

Pm` bim/v BMp2biB;�i2b r?2i?2` o2i2`�Mb b?Qr �Hi2`2/ `2bTQMb2 iQ T�`iM2` `2+BT`Q+Biv mbBM;

� +H�bbB+ Bi2`�i2/ h`mbi :�K2- �M/ T`QpB/2b irQ7QH/ 2tT�MbBQM Q7 i?2 HBi2`�im`2X 6B`bi- Bi rBHH

#2 i?2 7B`bi bim/v Q7 `2+BT`Q+Biv BM Sha. r?2`2 bm#D2+ib �`2 T�`iM2`2/ rBi? � TH�v2` bBKm@

H�i2/ mbBM; ?2�Hi?v +QMi`QH /�i�- �M/ rBHH ;Bp2 BMbB;?i BMiQ i?2 BKT�+i Q7 Sha. QM `2bTQMb2

iQ `2+BT`Q+Biv BM o2i2`�MbX .B772`2M+2b BM bQ+B�H `2bTQMbBp2M2bb BM i?Bb +QMi2ti rQmH/ bm;;2bi

�#MQ`K�H #2?�pBQ` BM bQ+B�H bBim�iBQMb rBi? � ?2�Hi?v T�`iM2`- bT2+B7B+�HHv H2�/BM; iQ H2bb



9 +ϑΞϿАζЁ SY BϩАЁϱβЛΫАϔϱϩ

+QQT2`�iBp2 BMi2`�+iBQM �M/ /vb7mM+iBQM BM bQ+B�H bBim�iBQMbX a2+QM/Hv- �Hi2`2/ bQ+B�H `2bTQM@

bBp2M2bb T`QpB/2b � #2?�pBQ`�H +Q``2H�i2 Q7 bQ+B�H H2�`MBM;- �M/ rQmH/ bmTTQ`i BMp2biB;�iBQM

Q7 i?2 BKT�+i Q7 i`�mK� QM bQ+B�H H2�`MBM;X

RXk h?2 *m``2Mi aim/v

h?2b2 irQ TQi2MiB�H K2+?�MBbKb Q7 bQ+B�H /vb7mM+iBQM rBHH #2 BMp2biB;�i2/ BM � +`Qbb@b2+iBQM�H

/�i�b2i Q7 R8j o2i2`�Mb 7`QK QT2`�iBQMb BM A`�[ �M/ �7;?�MBbi�M X avKTiQK@`2H�i2/ /27B+Bib

BM i`mbi Q` bQ+B�H `2bTQMbBp2M2bb bT2+B7B+ iQ i?Bb TQTmH�iBQM rQmH/ 7Q+mb 7m`i?2` BMp2biB;�iBQM

BMiQ #�bB+ H2�`MBM; �M/ bQ+B�H T`Q+2bb2b /Bb`mTi2/ #v Sha.X Pm` bim/v rBHH �HbQ K2�bm`2

+?�M;2b BM #Qi? i`mbi �M/ bQ+B�H `2bTQMbBp2M2bb BM je o2i2`�Mb �7i2` d r22Fb Q7 `2bB/2M@

iB�H i`2�iK2Mi 7Q` Sha. �i i?2 o� J2/B+�H *2Mi2` BM a�H2K- oB`;BMB�X Ai Bb BKTQ`i�Mi iQ

/2i2`KBM2 r?2i?2` bQ+B�H /27B+Bib KQ/2`�i2 i`2�iK2Mi Qmi+QK2b �M/ �`2 biBHH T`2b2Mi �7i2`

BMi2MbBp2 i`2�iK2Mi iQ BKT`Qp2 ?B;?@M22/ TQTmH�iBQM Qmi+QK2bX

RXkXR >vTQi?2b2b

q2 T`QTQb2 iQ mb2 i?2 Bi2`�i2/ h`mbi :�K2 (d- 3) iQ BMp2biB;�i2 irQ TQi2MiB�H K2+?�MBbKb Q7

bQ+B�H /vb7mM+iBQM BM o2i2`�Mb rBi? Sha., /27B+Bib BM i`mbi- �M/ /27B+Bib BM bQ+B�H `2bTQMbBp2@

M2bbX 6B`bi- r2 rBHH BMp2biB;�i2 r?2i?2` i?2`2 Bb � bvKTiQK@`2H�i2/ /27B+Bi BM i`mbi BM o2i2`�Mb

rBi? TQbii`�mK�iB+ bi`2bb bvKTiQKb mbBM; � +`Qbb@b2+iBQM�H /�i�b2iX q2 ?vTQi?2bBx2,

>RV o2i2`�Mb rBi? KQ`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb rBHH b?Qr /2+`2�b2/

i`mbiX

URXRV



SYlY iϑζ +ЛЁЁζϩА bАЛβЭ 8

�M �//BiBQM�H 2tTH�M�iBQM 7Q` bQ+B�H /vb7mM+iBQM BMpQHp2b bQ+B�H `2bTQMbBp2M2bbX q2 rBHH M2ti

BMp2biB;�i2 r?2i?2` o2i2`�Mb rBi? TQbii`�mK�iB+ bi`2bb bvKTiQKb ?�p2 � bvKTiQK@`2H�i2/

/27B+Bi BM bQ+B�H `2bTQMbBp2M2bb mbBM; � +`Qbb@b2+iBQM�H /�i�b2iX q2 ?vTQi?2bBx2,

>kV o2i2`�Mb rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb rBHH /2KQMbi`�i2

H2bb bQ+B�H `2bTQMbBp2M2bbX

URXkV

L2ti r2 b22F iQ /2i2`KBM2 �Mv +?�M;2b BM i?2b2 K2+?�MBbKb �7i2` i`2�iK2Mi BM � /�i�b2i Q7

o2i2`�Mb mM/2`;QBM; d r22Fb Q7 `2bB/2MiB�H i`2�iK2Mi 7Q` Sha.X 6B`bi- r2 rBHH BMp2biB;�i2

r?2i?2` i`mbi �M/ +QQT2`�iBQM +?�M;2b �7i2` i`2�iK2MiX q2 ?vTQi?2bBx2,

>jV o2i2`�Mb rBi? BKT`Qp2K2Mi BM TQbii`�mK�iB+ bi`2bb bvKTiQKb #2ir22M T`2@

�M/ TQbi@i`2�iK2Mi rBHH b?Qr BM+`2�b2/ i`mbiX

URXjV

a2+QM/Hv- r2 rBHH BMp2biB;�i2 r?2i?2` bQ+B�H `2bTQMbBp2M2bb +?�M;2b �7i2` i`2�iK2MiX q2

?vTQi?2bBx2,

>9V o2i2`�Mb rBi? BKT`Qp2K2Mi BM TQbii`�mK�iB+ bi`2bb bvKTiQKb �7i2` i`2�i@

K2Mi rBHH /2KQMbi`�i2 BM+`2�b2/ bQ+B�H `2bTQMbBp2M2bbX

URX9V



*?�Ti2` k

J2i?Q/b

kXR S�`iB+BT�Mib

S�`iB+BT�Mib BM+Hm/2 o2i2`�Mb 7`QK irQ /�i�b2ib- BM+Hm/BM; � +`Qbb@b2+iBQM�H /�i�b2i Q7 `2@

+2Mi o2i2`�Mb i?�i ?�/ 2tT2`B2M+2/ � .aJ@Ao *`Bi2`BQM �@[m�HB7vBM; 2p2Mi (8R) r?BH2 BM

b2`pB+2 Un = 153V- �M/ � i`2�iK2Mi /�i�b2i Q7 o2i2`�Mb mM/2`;QBM; b2p2M r22Fb Q7 `2bB/2MiB�H

i`2�iK2Mi 7Q` Sha. Un = 36VX .2KQ;`�T?B+ �M/ +HBMB+�H +?�`�+i2`BbiB+b �`2 `2TQ`i2/ BM

h�#H2 kXRX

kXRXR avKTiQK a2p2`Biv J2�bm`2K2Mi

SQbii`�mK�iB+ bi`2bb bvKTiQK b2p2`Biv r�b K2�bm`2/ mbBM; i?2 Sha. *?2+FGBbi US*GVX

6Q` i?2 +`Qbb@b2+iBQM�H +Q?Q`i- i?2 S*G@J r�b +QHH2+i2/ US*G@JBHBi�`v o2`bBQM 7Q` .aJ@Aoc

(8k)VX 6Q` i?2 i`2�iK2Mi +Q?Q`i- i?2 S*G@8 r�b +QHH2+i2/ US*G 7Q` .aJ@8c (8j)VX S*G@

8 b+Q`2 2[mBp�H2Mib 7Q` i?2 S*G@J r2`2 +QKTmi2/ 7Q` 2�+? +`Qbb@b2+iBQM�H o2i2`�M mbBM;

�M 2KTB`B+�HHv@/2`Bp2/ +`Qbbr�HF #2ir22M i?2 irQ K2�bm`2b (89)X � /B�;MQbBb Q7 +m``2Mi

Sha. r�b �//BiBQM�HHv K�/2 mbBM; i?2 *HBMB+B�M �/KBMBbi2`2/ Sha. a+?2/mH2 U*�Sa-

(88)VX 6m`i?2` /2i�BHb Q7 K2�bm`2K2Mi- /B�;MQbBb- �M/ +QKT�`BbQM Q7 bvKTiQK K2�bm`2b

�+`Qbb ;`QmTb Bb /2i�BH2/ BM i?2 amTTH2K2Mi�H J2i?Q/bX

e



lYSY TΞЁАϔΫϔϿΞϩАЅ d

.2KQ;`�T?B+b *`Qbb@b2+iBQM�H Un = 153V h`2�iK2Mi Un = 36V

�;2- v2�`b jjXe Ǭ NXe 9NX9 Ǭ NXN

a2t- K�H2- n- UWV R9y U33XeWV R9 UeeXeWV

_�+2- r?Bi2- n UWV N3 UekWV kR U83XjWV

*HBMB+�H *?�`�+i2`BbiB+b *QMi`QH
Un = 70VR

Sha.
Un = 80Vk

S`2i`2�iK2Mi
Un = 36V

SQbii`2�iK2Mi
Un = 36V

Sha. bvKTiQK b2p2`Bivj 23.6± 17.0 48.1± 13.6 54.0± 14.0 40.2± 16.6

ai�i2 �MtB2iv9 35.9± 9.0 48.9± 10.9 47.0± 12.0 Ĝ

.2T`2bbBQM bvKTiQK b2p2`Biv
8

7.9± 9.2 26.4± 12.2 32.2± 13.0 23.4± 16.0

.l.+f.l.− e 4/55 7/75 Ĝ Ĝ

.l. bvKTiQKb d Ĝ Ĝ 4.6± 7.6 2.0± 6.6

�l.+f�l.− 3 13/46 35/47 Ĝ Ĝ

�l. bvKTiQKb N Ĝ Ĝ 6.6± 8.6 4.3± 6.7

Sbv+?Qi`QTB+
K2/B+�iBQMfMQM2 Ry

13/46 34/49 35/0 35/0

h�#H2 kXR, .2KQ;`�T?B+b �M/ +HBMB+�H +?�`�+i2`BbiB+b Q7 T�`iB+BT�Mib BM i?2 +`Qbb@b2+iBQM�H
�M/ i`2�iK2Mi /�i�b2ibX .�i� �`2 b?QrM �b K2�M ± a. mMH2bb Qi?2`rBb2 BM/B+�i2/X

RSha. /B�;MQbBb #�b2/ QM *�Sa �b /2b+`B#2/ BM amTTH2K2Mi�`v J2i?Q/b
kSha. bvKTiQKb +�H+mH�i2/ mbBM; i?2 S*G �b /2b+`B#2/ BM kXRXR Sha. avKTiQK a2p2`Biv J2�bm`2K2Mi

�M/ amTTH2K2Mi�`v J2i?Q/bX
jSha. bvKTiQKb +�H+mH�i2/ mbBM; i?2 S*G �b /2b+`B#2/ BM kXRXR Sha. avKTiQK a2p2`Biv J2�bm`2K2Mi

�M/ amTTH2K2Mi�`v J2i?Q/bX
9ai�i2 �MtB2iv K2�bm`2/ #v i?2 a�A@af ah�A@a �b /2b+`B#2/ BM amTTH2K2Mi�H J2i?Q/bX
8.2T`2bbBQM bvKTiQKb K2�bm`2/ #v ".A �b /2b+`B#2/ BM amTTH2K2Mi�H J2i?Q/b
e.l. BM+Hm/2b al. �b /2i2`KBM2/ mbBM; i?2 a*A. �b �b /2b+`B#2/ BM amTTH2K2Mi�H J2i?Q/bX
d.l. bvKTiQKb K2�bm`2/ #v i?2 .l.Ah �b /2b+`B#2/ BM amTTH2K2Mi�H J2i?Q/b
3�l. BM+Hm/2b al. �b /2i2`KBM2/ mbBM; i?2 a*A. �b �b /2b+`B#2/ BM amTTH2K2Mi�H J2i?Q/bX
N�l. bvKTiQKb K2�bm`2/ #v i?2 �l.Ah �b /2b+`B#2/ BM amTTH2K2Mi�H J2i?Q/b

RySbv+?Qi`QTB+ K2/B+�iBQM BM+Hm/2b Tbv+?B�i`B+ K2/B+�iBQM �M/ MQM@Tbv+?B�i`B+ K2/B+�iBQM HBF2Hv iQ ?�p2
Tbv+?B�i`B+ 2772+ibX �//BiBQM�H BM7Q`K�iBQM BM bmTTH2K2Mi�H K2i?Q/bX



3 +ϑΞϿАζЁ lY KζАϑϱβЅ

kXk 1tT2`BK2Mi�H S`Q+2/m`2b

kXkXR h`mbi h�bF

1�+? o2i2`�M TH�v2/ � i2M@`QmM/ p�`B�Mi Q7 i?2 Bi2`�i2/ h`mbi :�K2- �b /2b+`B#2/ BM EBM;@

*�b�b 2i �HX- kyy8 �M/ b?QrM BM 6B;m`2 kXRX h?2 i�bF BMpQHp2b i2M `QmM/b Q7 KQM2i�`v 2t@

+?�M;2 #2ir22M �M ǳBMp2biQ`Ǵ- r?Q Bb BMBiB�HHv 2M/Qr2/ rBi? 0ky 2�+? `QmM/- �M/ � ǳi`mbi22Ǵ-

BM r?QK i?2 BMp2biQ` K�v 2Mi`mbi �Mv r?QH2 /QHH�` T`QTQ`iBQM Q7 i?2 0kyX h?2 BMp2biK2Mi

Bb �Hr�vb i`BTH2/ #27Q`2 #2BM; `2+2Bp2/ #v i?2 i`mbi22- �M/ i?2 i`mbi22 K�v `2im`M �Mv T`Q@

TQ`iBQM Q7 i?Bb �KQmMi iQ i?2 BMp2biQ`X

AMp2biK2Mi `�iBQ /m`BM; �Mv `QmM/- t- Bb /2bB;M�i2/ investt- Bb i?2 T`QTQ`iBQM Q7 2M/QrK2Mi

i?2 BMp2biQ` b2M/b iQ i?2 i`mbi22X AM i?Bb bim/v- o2i2`�Mb r2`2 �Hr�vb i?2 BMp2biQ`X h?2

[m�MiBiv- BMp2biK2Mi BM i?2 7B`bi `QmM/- Bb �M QT2`�iBQM�HBx�iBQM Q7 ǳi`mbiǴ- �M/ �investt>1 Bb

�M QT2`�iBQM�HBx�iBQM Q7 +QQT2`�iBQMX h?2 [m�MiBiv i2`K2/ ǳi`mbi22 `2+BT`Q+BivǴ- recipt−1- Bb

�+im�HHv � K2�bm`2 Q7 i?2 i`mbi22Ƕb /2pB�iBQM 7`QK `2+BT`Q+Biv- Q` +?�M;2 i?�i �TT`QtBK�i2b

i?2 BMp2biQ`Ƕb +?�M;2X AM MQ`K�iBp2 +BpBHB�M TQTmH�iBQMb- ∆investt +?�M;2b BM `2bTQMb2 iQ

+?�M;2b BM ∆recipt−1 (d)c i?2 `2H�iBQMb?BT #2ir22M �M BMp2biQ`Ƕb ∆investt �M/ i?2B` T�`i@

M2`Ƕb recipt−1 Bb �M QT2`�iBQM�HBx�iBQM Q7 i?2 BMp2biQ`Ƕb bQ+B�H `2bTQMbBp2M2bbX 6Q` 7m`i?2`

BM7Q`K�iBQM `2H�i2/ iQ i?2b2 i2`Kb �M/ i?2B` `2H�iBQMb?BTb- b22 h�#H2 kXkX



lYlY 2ЬϿζЁϔϨζϩАΞϣ TЁϱΫζβЛЁζЅ N

_2T`2b2Mi�iBQM h2`K 6mM+iBQM�H .27BMBiBQM 6Q`KmH�

investt AMp2biK2Mi `�iBQ AMp2biQ` i`mbiX it
20

returnt _2im`M `�iBQ h`mbi22 `2+BT`Q+�iBQM Q7
i`mbiX

jt
3∗it

∆investt *?�M;2 BM
BMp2biK2Mi `�iBQ

_2bTQMbBp2M2bb Q7 i?2
BMp2biQ` iQ i`mbi22Ƕb #2?�pBQ`X

investt − investt−1

recipt−1 h`mbi22
`2+BT`Q+Biv

*?�M;2b BM i?2 i`mbi22Ƕb
#2?�pBQ` `2H�iBp2 iQ +?�M;2b
BM BMp2biQ` #2?�pBQ`- BM i?2
H�bi `QmM/X

(returnt−1 − returnt−2)
−∆investt−1

aQ+B�H
`2bTQMbBp2M2bb

h?2 `2H�iBQMb?BT #2ir22M i?2
i`mbi22Ƕb `2+BT`Q+Biv �M/ i?2
+?�M;2 BM BMp2biK2Mi `�iBQX

lm(∆investt ∼ recipt−1)

h�#H2 kXk, h2`Kb K2�bm`2/ BM i?2 i�bF �b `2H�i2/ iQ 2t+?�M;2 [m�MiBiB2b �M/ i�bF QmiHBM2/
BM 6B;m`2 RX �##`2pB�iBQMb BM+Hm/2 i- BMp2biK2Mic j- `2im`Mc t- `QmM/X



Ry +ϑΞϿАζЁ lY KζАϑϱβЅ

6B;m`2 kXR, h`mbi h�bF 1tT2`BK2Mi�H Pp2`pB2rX S�`iB+BT�Mib TH�v2/ � `2bQm`+2 2t+?�M;2
;�K2 rBi? �M �/�TiBp2 +QKTmi2` TH�v2` Qp2` Ry `QmM/b BM r?B+? � ;Bp2M `QmM/ +QMbBbi2/
Q7 irQ T?�b2b, BMp2biK2Mi �M/ `2im`MX .m`BM; BMp2biK2Mi- i?2 TH�v2` UǵAMp2biQ`ǶV r�b �X
2M/Qr2/ rBi? ky KQM2i�`v mMBib U0kyV �M/ /2+B/2/ iQ #X BMp2bi �Mv �KQmMi- B U0y iQ 0kyV-
iQ i?2 +QKTmi2` TH�v2` Uǵi`mbi22ǶVX h?2 i`mbi22 +X `2+2Bp2/ i`BTH2 i?2 BMp2biK2Mi- jBX .m`BM;
i?2 `2im`M T?�b2- i?2 i`mbi22 /2+B/2/ iQ /X F22T �Mv �KQmMi Q7 i?2 BMp2biK2Mi- F- �M/ 2X
`2im`M �Mv �KQmMi Q7 i?2 BMp2biK2Mi- 3i−kX h?2 i`mbi22Ƕb 7BM�H b+Q`2 7Q` i?2 `QmM/ Bb F- �M/
i?2 BMp2biQ`Ƕb 7BM�H b+Q`2 7Q` i?2 `QmM/ Bb i?2 bmK Q7 i?2 �KQmMi i?2v F2Ti BM i?2 BMp2biK2Mi
T?�b2 U20− iV �M/ �Mv `2im`M 7`QK i?2 i`mbi22 U3i− kVX



lYkY /ΞАΞ �ϩΞϣЭЅϔЅ RR

kXj .�i� �M�HvbBb

kXjXR AMp2biB;�iBM; bvKTiQK@`2H�i2/ /B772`2M+2b i`mbi �M/ +QQT2`@

�iBQM pbX bQ+B�H `2bTQMbBp2M2bb

>RV o2i2`�Mb rBi? KQ`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb rBHH b?Qr /2+`2�b2/

i`mbiX

hQ BMp2biB;�i2 r?2i?2` i`mbi #2?�pBQ` /2+`2�b2b rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKT@

iQKb- r2 mb2/ i?2 bvKTiQK b2p2`Biv b+Q`2- symptoms- iQ T`2/B+i 7B`bi `QmM/ BMp2biK2Mi-

investt=1- BM � HBM2�` `2;`2bbBQM Q7 i?2 +`Qbb@b2+iBQM�H /�i�b2iX h?2 KQ/2H Bb `2TQ`i2/ #2HQr,

investt=1 = β̂0 + β̂1 × severity + ε UkXRV

hQ /2i2`KBM2 r?2i?2` +QQT2`�iBQM Bb �HbQ `2H�i2/ iQ b2p2`Biv- r2 T2`7Q`K2/ � bBKBH�` `2;`2b@

bBQM T`2/B+iBM; K2�M BMp2biK2Mi- investt>1X h?2 KQ/2H Bb `2TQ`i2/ #2HQr,

investt>1 = β̂0 + β̂1 × severity + ε UkXkV

h?2 β̂1 2biBK�i2b 7Q` i?2b2 `2;`2bbBQMb BM/B+�i2 i?2 BKT�+i Q7 � R mMBi BM+`2�b2 BM symptoms

QM i?2 p�Hm2 Q7 BMp2biK2Mi- investt=1 �M/ investt>1 `2bT2+iBp2HvX � bB;MB7B+�Mi T@p�Hm2 7Q`

i?Bb +Q277B+B2Mi rBHH BM/B+�i2 � bB;MB7B+�Mi `2H�iBQMb?BT #2ir22M bvKTiQK b2p2`Biv �M/ 2Bi?2`

i`mbi Q` +QQT2`�iBQM- `2bT2+iBp2HvX



Rk +ϑΞϿАζЁ lY KζАϑϱβЅ

>kV o2i2`�Mb rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb rBHH /2KQMbi`�i2

H2bb bQ+B�H `2bTQMbBp2M2bbX

hQ BMp2biB;�i2 bQ+B�H `2bTQMbBp2M2bb BM o2i2`�Mb rBi? p�`vBM; TQbii`�mK�iB+ bvKTiQK b2p2`@

Biv- r2 T2`7Q`K2/ � KBt2/ 2772+i HBM2�` `2;`2bbBQM- +Q``2H�iBM; `2+BT`Q+Biv recipt−1 rBi? +?�M;2

BM i`mbi #2ir22M `QmM/b ∆investtX h?2 `�M/QK 2772+i- U - +�Tim`2b p�`B�iBQM #v BM/BpB/m�H-

vX q2 /2i2`KBM2/ i?2 7Bt2/ 2772+i Q7 recipt−1 QM +m``2Mi `QmM/ ∆investt �b r2HH �b i?2

BMi2`�+iBQM Q7 recipt−1 �M/ symptomsX h?2 KQ/2H Bb `2TQ`i2/ #2HQr,

∆investt,v = β̂0,v+ β̂1,v× recipt−1,v+ β̂2,v× severityv+ β̂3,v× (recipt−1,v× severityv)+Uv+ ε

UkXjV

h?2 `2bmHi�Mi β1 2biBK�i2 BM/B+�i2b ?Qr � mMBi Q7 +?�M;2 BM i`mbi22 `2+BT`Q+Biv BKT�+ib

`QmM/@H2p2H +?�M;2 BM BMp2biK2Mi- r?B+? Bb �M QT2`�iBQM�HBx�iBQM Q7 bQ+B�H `2bTQMbBp2M2bbX �

bB;MB7B+�Mi T@p�Hm2 BM/B+�i2b +QK#�i@2tTQb2/ o2i2`�Mb BM i?2 +`Qbb@b2+iBQM�H /�i�b2i Qp2`�HH

�`2 bQ+B�HHv `2bTQMbBp2X h?2 β3 2biBK�i2 BM/B+�i2b ?Qr � R@TQBMi BM+`2�b2 BM TQbii`�mK�iB+

bi`2bb bvKTiQK b2p2`Biv BM i?2 +QMi2ti Q7 BM+`2�b2 BM i`mbi22 `2+BT`Q+Biv BKT�+ib `QmM/@H2p2H

+?�M;2 BM BMp2biK2MiX � bB;MB7B+�Mi T@p�Hm2 rQmH/ BM/B+�i2 � `2H�iBQMb?BT #2ir22M bvKTiQK

b2p2`Biv �M/ bQ+B�H `2bTQMbBp2M2bbX

kXjXk h`2�iK2Mi@`2H�i2/ *?�M;2b

>jV o2i2`�Mb rBi? BKT`Qp2K2Mi BM TQbii`�mK�iB+ bi`2bb bvKTiQKb #2ir22M T`2@

�M/ TQbii`2�iK2Mi rBHH b?Qr BM+`2�b2/ i`mbiX

hQ /2i2`KBM2 i?2 BKT�+i Q7 i`2�iK2Mi QM i`mbi- r2 BMp2biB;�i2/ i?2 +?�M;2 BM bvKTiQK

b2p2`Biv #27Q`2 �M/ �7i2` i`2�iK2Mi- ∆symptoms- �M/ +?�M;2 BM BMp2biK2Mi BM i?2 7B`bi



lYkY /ΞАΞ �ϩΞϣЭЅϔЅ Rj

`QmM/ #27Q`2 �M/ �7i2` i`2�iK2Mi- ∆investt=1X *?�M;2 Bb +�H+mH�i2/ 7Q` 2�+? p�Hm2 �b

posttreatmentĜpretreatmentX h?2 KQ/2H Bb `2TQ`i2/ #2HQr,

∆investt=1 = β̂0 + β̂1 ×∆severity + ε UkX9V

q2 �HbQ BMp2biB;�i2/ +?�M;2 BM +QQT2`�iBQM #27Q`2 �M/ �7i2` i`2�iK2MiX

∆investt>1 = β̂0 + β̂1 ×∆severity + ε UkX8V

h?2 β1 2biBK�i2 7Q` 2�+? KQ/2H rBHH BM/B+�i2 ?Qr � R TQBMi +?�M;2 BM bvKTiQK b2p2`Biv

BKT�+ib +?�M;2 BM BMp2biK2Mi- �M/ � bB;MB7B+�Mi T@p�Hm2 rQmH/ BM/B+�i2 � `2H�iBQMb?BT #2ir22M

+?�M;2 BM b2p2`Biv �M/ +?�M;2 BM i`mbi Q` +QQT2`�iBQM `2bT2+iBp2HvX

>9V o2i2`�Mb rBi? BKT`Qp2K2Mi BM TQbii`�mK�iB+ bi`2bb bvKTiQKb �7i2` i`2�i@

K2Mi rBHH /2KQMbi`�i2 BM+`2�b2/ bQ+B�H `2bTQMbBp2M2bbX

hQ /2i2`KBM2 i?2 BKT�+i Q7 i`2�iK2Mi QM bQ+B�H `2bTQMbBp2M2bb BM o2i2`�Mb- r2 �m;K2Mi2/

1[X kXjX rBi? i`2�iK2Mi bi�imb UvisitV �M/ T2`7Q`K2/ � i?`22@r�v BMi2`�+iBQM Q7 recipt−1-

∆symptoms- �M/ visitX h?2 7BM�H KQ/2H Bb `2TQ`i2/ #2HQrX

∆investt,v = β̂0,v + β̂1,v × recipt−1,v + β̂2,v ×∆severityv + β̂3,v × visit+

β̂4,v × (recipt−1,v ×∆severityv)+

β̂5,v × (recipt−1,v × visit)+

β̂6,v × (∆severity × visit)+

β̂7,v × (recipt−1,v ×∆severity × visit) + Uv + ε UkXeV



R9 +ϑΞϿАζЁ lY KζАϑϱβЅ

h?2 β1 2biBK�i2 7Q` i?Bb KQ/2H rBHH BM/B+�i2 ?Qr � R@TQBMi +?�M;2 BM i`mbi22 `2+BT`Q+Biv

BKT�+ib `QmM/@H2p2H +?�M;2 BM BMp2biK2Mi- r?B+? Bb Qm` QT2`�iBQM�HBx�iBQM Q7 bQ+B�H `2bTQM@

bBp2M2bbX � bB;MB7B+�Mi T@p�Hm2 rQmH/ BM/B+�i2 bQ+B�H `2bTQMbBp2M2bb Qp2`�HH BM i?Bb TQTmH�iBQMX

h?2 β4 2biBK�i2 BM/B+�i2b ?Qr � R@TQBMi BM+`2�b2 BM TQbii`�mK�iB+ bi`2bb bvKTiQK b2p2`Biv

BM i?2 +QMi2ti Q7 BM+`2�b2 BM i`mbi22 `2+BT`Q+Biv BKT�+ib `QmM/@H2p2H +?�M;2 BM BMp2biK2MiX

� bB;MB7B+�Mi T@p�Hm2 rQmH/ BM/B+�i2 /B772`2Mi bQ+B�H `2bTQMbBp2M2bb #v +?�M;2 BM bvKTiQK

b2p2`Biv- `2;�`/H2bb Q7 pBbBiX h?2 β5 2biBK�i2 BM/B+�i2b ?Qr BM+`2�b2 BM i`mbi22 `2+BT`Q+Biv

BKT�+ib `QmM/@H2p2H +?�M;2 BM BMp2biK2Mi /B772`2MiHv �i TQbii`2�iK2Mi i?�M T`2i`2�iK2MiX

� bB;MB7B+�Mi T@p�Hm2 rQmH/ BM/B+�i2 /B772`2Mi bQ+B�H `2bTQMbBp2M2bb #v pBbBiX 6BM�HHv- i?2 β7

2biBK�i2 BM/B+�i2b ?Qr R TQBMi H2bb +?�M;2 BM TQbii`�mK�iB+ bi`2bb bvKTiQK b2p2`Biv BM i?2

+QMi2ti Q7 BM+`2�b2 BM i`mbi22 `2+BT`Q+Biv BKT�+ib `QmM/@H2p2H +?�M;2 BM BMp2biK2Mi /B772`@

2MiB�HHv �i TQbii`2�iK2Mi- +QKT�`2/ iQ T`2i`2�iK2MiX � bB;MB7B+�Mi T@p�Hm2 rQmH/ BM/B+�i2

/B772`2Mi bQ+B�H `2bTQMbBp2M2bb #v +?�M;2 BM bvKTiQK b2p2`Biv �i TQbii`2�iK2MiX



*?�Ti2` j

_2bmHib

jXR J2+?�MBbKb Q7 bQ+B�H /vb7mM+iBQM

jXRXR avKTiQK@`2H�i2/ /Bb`mTiBQM BM i`mbi

>RV o2i2`�Mb rBi? KQ`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb rBHH b?Qr /2+`2�b2/

i`mbiX

hQ /2i2`KBM2 r?2i?2` i`mbi r�b /2+`2�b2/ BM o2i2`�Mb rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb

bvKTiQKb- irQ HBM2�` `2;`2bbBQMb r2`2 T2`7Q`K2/ �b /2b+`B#2/ �#Qp2 mbBM; i?2 +`Qbb@b2+iBQM�H

/�i�b2iX JQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb- �b K2�bm`2/ #v S*G b+Q`2- +Q``2H�i2/

rBi? HQr2` 7B`bi `QmM/ BMp2biK2Mi U6B;m`2 jXR- β1 = −0.002, p = 0.003∗∗, n = 153V- BM/B@

+�iBM; o2i2`�Mb rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb 2t?B#Bi H2bb i`mbiX J2�M

BMp2biK2Mi �+`Qbb H�i2` `QmM/b �HbQ /2+`2�b2/ rBi? BM+`2�b2/ S*G b+Q`2 Uβ1 = −0.003, p =

0.003∗∗, n = 153V- BM/B+�iBM; o2i2`�Mb rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb �HbQ

2t?B#Bi H2bb +QQT2`�iBQM �+`Qbb `QmM/bX

R8



Re +ϑΞϿАζЁ kY `ζЅЛϣАЅ

jXRXk aQ+B�H `2bTQMbBp2M2bb

>kV o2i2`�Mb rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb rBHH /2KQMbi`�i2

H2bb bQ+B�H `2bTQMbBp2M2bbX

hQ BMp2biB;�i2 bQ+B�H `2bTQMbBp2M2bb BM o2i2`�Mb rBi? p�`vBM; bvKTiQK b2p2`Biv- r2 T2`7Q`K2/

� KBt2/ 2772+i HBM2�` `2;`2bbBQM �b /2b+`B#2/ �#Qp2 - mbBM; i?2 +`Qbb@b2+iBQM�H /�i�b2iX AM+`2�b2

BM i`mbi22 `2+BT`Q+Biv +Q``2H�i2/ rBi? BM+`2�b2 BM +?�M;2 BM BMp2biK2Mi U6B;m`2 jXk- β1 =

−0.25, p < 0.001∗∗∗, n = 153V- BM/B+�iBM; o2i2`�Mb r2`2 `2bTQMbBp2 iQ +?�M;2b BM T�`iM2`

bQ+B�H bB;M�HX h?2`2 r�b MQ p�`B�iBQM BM `2H�iBQMb?BT #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2

BM BMp2biK2Mi #v bvKTiQK b2p2`Biv U6B;m`2 jXk- 0 < β3 < 0.001, p = 0.5, n = 153VX

jXk h`2�iK2Mi@`2H�i2/ +?�M;2b

jXkXR *?�M;2b BM i`mbi

>jV o2i2`�Mb rBi? BKT`Qp2K2Mi BM TQbii`�mK�iB+ bi`2bb bvKTiQKb #2ir22M T`2@

�M/ TQbi@i`2�iK2Mi rBHH b?Qr BM+`2�b2/ i`mbiX

hQ /2i2`KBM2 r?2i?2` i`mbi +?�M;2/ rBi? i`2�iK2Mi BM o2i2`�Mb rBi? TQbii`�mK�iB+ bi`2bb

bvKTiQKb- irQ HBM2�` `2;`2bbBQMb r2`2 T2`7Q`K2/ �b /2b+`B#2/ �#Qp2- 1[X kX9 �M/ 1[X kX8

mbBM; i?2 /�i�b2i i?�i mM/2`r2Mi d r22Fb Q7 `2bB/2MiB�H i`2�iK2Mi 7Q` Sha.X G2bb BKT`Qp2@

K2Mi BM bvKTiQKb +Q``2H�i2/ rBi? /2+`2�b2 BM 7B`bi@`QmM/ BMp2biK2Mi - �M QT2`�iBQM�HBx�iBQM

Q7 i`mbi U6B;m`2 \\- β1 = −0.006, p = 0.015∗, n = 36VX G2bb BKT`Qp2K2Mi BM bvKTiQK b2p2`@

Biv �HbQ +Q``2H�i2/ rBi? /2+`2�b2/ K2�M BMp2biK2Mi - �M QT2`�iBQM�HBx�iBQM Q7 +QQT2`�iBQM

Uβ1 = −0.006, p = 0.006∗, n = 36VX



kYlY iЁζΞАϨζϩАAЁζϣΞАζβ ΫϑΞϩόζЅ Rd

jXkXk h`2�iK2Mi@`2H�i2/ +?�M;2b BM bQ+B�H `2bTQMbBp2M2bb

>9V o2i2`�Mb rBi? BKT`Qp2K2Mi BM TQbii`�mK�iB+ bi`2bb bvKTiQKb �7i2` i`2�i@

K2Mi rBHH /2KQMbi`�i2 BM+`2�b2/ bQ+B�H `2bTQMbBp2M2bbX

hQ /2i2`KBM2 r?2i?2` i?2`2 r�b i`2�iK2Mi@`2H�i2/ +?�M;2 BM bQ+B�H `2bTQMbBp2M2bb- r2 T2`@

7Q`K2/ � KBt2/ 2772+i HBM2�` `2;`2bbBQM 1[X kXe mbBM; i?2 /�i�b2i i?�i mM/2`r2Mi d r22Fb Q7

`2bB/2MiB�H i`2�iK2Mi 7Q` Sha.X h?2 `2bmHib Q7 i?2 KBt2/@2772+i KQ/2H �`2 `2TQ`i2/ BM 6B;m`2

jX9X aB;MB7B+�Mi 2772+ib BM+Hm/2/ � TQbBiBp2 +Q``2H�iBQM #2ir22M i`mbi22 `2+BT`Q+Biv �M/ `QmM/@

H2p2H +?�M;2 BM BMp2biK2Mi Uβ1 = 0.39, p < 0.001∗∗∗, n = 36V- rBi? � bB;MB7B+�Mi /2+`2�b2 BM

i?Bb +Q``2H�iBQM �i TQbii`2�iK2Mi Uβ5 = −0.29, p = 0.001∗n = 36V- �M/ � ;`2�i2` /2+`2�b2

BM i?Bb +Q``2H�iBQM �i TQbii`2�iK2Mi BM i?Qb2 rBi? H2bb +?�M;2 BM TQbii`�mK�iB+ bi`2bb bvKT@

iQKb Uβ7 = −0.01, p = 0.02∗, n = 36VX �b /2b+`B#2/ BM J2i?Q/b- � TQbBiBp2 β1 �M/ bB;MB7B+�Mi

T@p�Hm2 bm;;2bib o2i2`�Mb BM i?2 i`2�iK2Mi /�i�b2i b?Qr bQ+B�H `2bTQMbBp2M2bbX h?2 M2;�iBp2

β5 �M/ bB;MB7B+�Mi T@p�Hm2 bm;;2bib o2i2`�Mb 2tT2`B2M+2 � /2+`2�b2 BM bQ+B�H `2bTQMbBp2M2bb

�i TQbii`2�iK2Mi- �M/ i?2 M2;�iBp2 β7 �M/ bB;MB7B+�Mi T@p�Hm2 bm;;2bi � ;`2�i2` /2+`2�b2 BM

bQ+B�H `2bTQMbBp2M2bb �i TQbii`2�iK2Mi 7Q` i?Qb2 r?Qb2 bvKTiQKb /Q MQi BKT`Qp2 �b Km+?X

hQ pBbm�HBx2 i?Bb +QKTH2t 2772+i- o2i2`�Mb r2`2 bTHBi #v K2/B�M +?�M;2 BM S*G BMiQ � ;`QmT

i?�i 2tT2`B2M+2/ ǳJQ`2 AKT`Qp2K2MiǴ �M/ ǳG2bb AKT`Qp2K2MiǴX q2 `�M � M2r KBt2/ KQ/2H

i?�i BMi2`�+i2/ BKT`Qp2K2Mi bi�imb BMbi2�/ Q7 i?2 +QMiBMmQmb +?�M;2 BM bvKTiQK b2p2`BivX

h?2`2 r�b MQ /B772`2M+2 BM i?2 `2H�iBQMb?BT #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2bi@

K2Mi �i T`2i`2�iK2Mi 7Q` i?2 irQ ;`QmTb Uβ4 = −0.28, p = 0.53, n = 36V MQ` � /B772`2M+2 BM

`2H�iBQMb?BT #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi �i T`2i`2�iK2Mi 7Q` i?2 irQ

;`QmTb Uβ5 = 0.008, p = 0.335, n = 36VX h?2`2 r�b � /B772`2M+2 BM i?2 `2H�iBQMb?BT #2ir22M

i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi �i TQbii`2�iK2Mi 7Q` i?2 ;`QmT i?�i b?Qr2/

H2bb BKT`Qp2K2Mi Uβ7 = 0.38, p = 0.002∗∗, n = 36VX h?Bb 2772+i r�b +QM7B`K2/ #v �M �LPo�



R3 +ϑΞϿАζЁ kY `ζЅЛϣАЅ

Q7 i?2 KBt2/ 2772+i KQ/2Hb rBi? �M/ rBi?Qmi i?2 BMi2`�+iBQM Q7 +?�M;2 BM S*G- �M/ `2TQ`i2/

H2bb p�`B�M+2 mbBM; i?2 KQ/2H i?�i BM+Hm/2/ i?2 BMi2`�+iBQM UF = 2.9, p = 0.04∗, n = 36VX

JBt2/ 2772+i KQ/2H 1[X kXj r�b �HbQ `mM b2T�`�i2Hv 7Q` i?2 irQ ;`QmTb iQ 7m`i?2` +QM7B`K

i?Bb 2772+i r�b /m2 bQH2Hv iQ /B772`2M+2b �i TQbii`2�iK2Mi BM i?2 ;`QmT i?�i b?Qr2/ G2bb AK@

T`Qp2K2MiX h?2 JQ`2 AKT`Qp2K2Mi ;`QmT b?Qr2/ MQ /B772`2M+2 BM i?2 `2H�iBQMb?BT #2ir22M

i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi #2ir22M T`2@ �M/ TQbii`2�iK2Mi U6B;m`2 jX9-

β3 = 0.04, p = 0.6, n = 36VX h?2 G2bb AKT`Qp2K2Mi ;`QmT ?�/ � bB;MB7B+�Mi /2+`2�b2 BM i?2

`2H�iBQMb?BT #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi TQbii`2�iK2MiX U6B;m`2

jX9- β3 = −0.32, p < 0.001∗∗∗, n = 36VX



kYlY iЁζΞАϨζϩАAЁζϣΞАζβ ΫϑΞϩόζЅ RN

6B;m`2 jXR, h?2 `2bmHib Q7 `2;`2bbBQM 1[X kXR - `2H�iBM; TQbii`�mK�iB+ bi`2bb bvKTiQKb �M/
i`mbi #2?�pBQ` BM � +`Qbb@b2+iBQM�H /�i�b2i Q7 +QK#�i@2tTQb2/ o2i2`�Mb- �`2 pBbm�HBx2/ �#Qp2X
>B;?2` TQbii`�mK�iB+ bi`2bb bvKTiQK b2p2`Biv �b K2�bm`2/ #v i?2 Sha. *?2+FGBbi US*GV
+Q``2H�i2/ rBi? /2+`2�b2 BM �M QT2`�iBQM�HBx�iBQM Q7 i`mbi- BMp2biK2Mi /m`BM; i?2 7B`bi `QmM/
Q7 i?2 Bi2`�i2/ i`mbi i�bF Uβ = −0.002, p = 0.003∗∗VX >B;?2` S*G �HbQ +Q``2H�i2/ rBi? HQr2`
+QQT2`�iBQM- QT2`�iBQM�HBx2/ �b K2�M BMp2biK2Mi /m`BM; i?2 H�i2` `QmM/b Uβ = −0.003, p =
0.003∗∗VX



ky +ϑΞϿАζЁ kY `ζЅЛϣАЅ

6B;m`2 jXk, _2bmHib Q7 `2;`2bbBQM 1[X kXj - `2H�iBM; i`mbi22 `2+BT`Q+Biv iQ +?�M;2b BM BM@
p2biK2Mi BM � +`Qbb@b2+iBQM�H /�i�b2i Q7 +QK#�i@2tTQb2/ o2i2`�Mb �`2 `2TQ`i2/ �#Qp2- rBi?
Q#b2`p�iBQMb �M/ HBM2 Q7 #2bi 7Bi +QHQ`2/ #v S*G8 [m�`iBH2 UiQT [m�`iBH2- KB//H2 [m�`@
iBH2b- #QiiQK [m�`iBH2XV h`mbi22 `2+BT`Q+Biv +Q``2H�i2b rBi? `QmM/ +?�M;2 BM BMp2biK2Mi
Uβ1 = 0.32, p < 0.001∗∗∗, n = 153V- bm;;2biBM; bQ+B�H `2bTQMbBp2M2bb BM i?Bb /�i�b2iX h?2`2
Bb MQ BKT�+i Q7 S*G8 QM i?2 `2H�iBQMb?BT #2ir22M i`mbi22 `2+BT`Q+Biv �M/ `QmM/ +?�M;2 BM
BMp2biK2Mi U0 < β3 < 0.001, p = 0.5, n = 153VX



kYlY iЁζΞАϨζϩАAЁζϣΞАζβ ΫϑΞϩόζЅ kR

6B;m`2 jXj, h?2 `2bmHib Q7 `2;`2bbBQM /2b+`B#2/ BM 1[X kX9- `2H�iBM; TQbii`�mK�iB+ bi`2bb
bvKTiQKb �M/ i`mbi #27Q`2 �M/ �7i2` d r22Fb Q7 `2bB/2MiB�H Sha. i`2�iK2Mi- �`2 `2TQ`i2/X
_2/m+iBQM BM bvKTiQK b2p2`Biv �7i2` i`2�iK2Mi- K2�bm`2/ #v Sha. *?2+FGBbi US*GV b+Q`2-
+Q``2H�i2b rBi? TQbBiBp2 +?�M;2 BM 7B`bi `QmM/ BMp2biK2Mi #2ir22M T`2 �M/ TQbii`2�iK2Mic H2bb
`2/m+iBQM BM b2p2`Biv +Q``2H�i2b rBi? /2+`2�b2 BM 7B`bi `QmM/ BMp2biK2MiX Uβ = −0.006, p =
0.015∗VX _2/m+iBQM BM S*G �i TQbii`2�iK2Mi �HbQ +Q``2H�i2b rBi? BM+`2�b2 BM K2�M BMp2biK2Mi
TQbii`2�iK2Mi U 1[X kX8- β = −0.006, p = 0.006∗∗VX



kk +ϑΞϿАζЁ kY `ζЅЛϣАЅ

6B;m`2 jX9, _2bTQMbBp2M2bb /B772`2M+2b #2ir22M i?Qb2 r?Qb2 bvKTiQKb BKT`Qp2 rBi? i`2�i@
K2Mi �M/ r?Qb2 bvKTiQKb BKT`Qp2 H2bbX �X JBt2/ 2772+i KQ/2H Q7 +QKT�`BM; T`2i`2�iK2Mi
�M/ TQbii`2�iK2Mi BMi2`�+iBQM Q7 i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM bvKTiQK b2p2`Biv- K2�@
bm`2/ #v S*G posttreatmentĜpretreatment- `2;`2bb2/ QMiQ +?�M;2 BM BMp2biK2Mi- 1[X kXe X
aB;MB7B+�Mi 2772+ib BM+Hm/2/ TQbBiBp2 +Q``2H�iBQM #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BM@
p2biK2Mi Uβ = 0.39, p < 0.001∗∗∗V- rBi? � bB;MB7B+�Mi /2+`2�b2 BM +Q``2H�iBQM #2ir22M i`mbi22
`2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi �i TQbii`2�iK2Mi Uβ = −0.29, p = 0.001∗V- �M/ � ;`2�i2`
/2+`2�b2 BM `2+BT`Q+Biv rBi? ?B;?2` S*G b+Q`2 �i TQbii`2�iK2Mi Uβ = −0.01, p = 0.02∗VX "X
o2i2`�Mb r?Qb2 bvKTiQKb BKT`Qp2/ KQ`2 rBi? `2bB/2MiB�H i`2�iK2Mi b?Qr2/ MQ bB;MB7B+�Mi
/B772`2M+2 BM i?2 `2H�iBQMb?BT #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi #2ir22M
T`2@ �M/ TQbii`2�iK2Mi Uβ5 = 0.04, p = 0.6V- r?2`2�b i?Qb2 r?Q 2tT2`B2M+2/ H2bb BKT`Qp2@
K2Mi 2t?B#Bi2/ � bB;MB7B+�MiHv `2/m+2/ `2H�iBQMb?BT #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2
BM BMp2biK2Mi �i TQbii`2�iK2Mi Uβ7 = −0.32, p < 0.001∗∗∗VX



*?�Ti2` 9

.Bb+mbbBQM

9XR J2+?�MBbKb Q7 aQ+B�H .vb7mM+iBQM, *QKT�`BM; >R

�M/ >k

Pm` bim/v 7B`bi bQm;?i iQ mb2 i?2 Bi2`�i2/ h`mbi :�K2 iQ /2i2`KBM2 r?2i?2` HQr2` H2p2Hb Q7

i`mbi �M/ +QQT2`�iBQM Q` `2/m+2/ bQ+B�H `2bTQMbBp2M2bb r2`2 HBF2Hv K2+?�MBbKb Q7 i?2 bQ+B�H

/vb7mM+iBQM Q#b2`p2/ BM o2i2`�Mb rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKbX

>RV o2i2`�Mb rBi? KQ`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb rBHH b?Qr /2+`2�b2/

i`mbiX

h?Qb2 rBi? ;`2�i2` TQbii`�mK�iB+ bi`2bb bvKTiQKb BMp2bi2/ H2bb BM i?2B` T�`iM2` BM Qm`

+`Qbb@b2+iBQM�H /�i�b2i- #Qi? BM i?2 7B`bi `QmM/ Q7 i?2 ;�K2 U6B;m`2 jXR- β = −0.002, p =

0.003∗∗, n = 153V �M/ Qp2` i?2 +Qm`b2 Q7 i?2 ;�K2 Uβ = −0.003, p = 0.003∗∗, n = 153VX

h?Bb bm;;2bib /27B+Bib BM #Qi? i`mbi �M/ +QQT2`�iBQM BM i?Qb2 rBi? KQ`2 b2p2`2 TQbii`�mK�iB+

bi`2bb bvKTiQKbX h?Bb �HB;Mb rBi? T`BQ` HBi2`�im`2 i?�i ?�b �HbQ 7QmM/ i?�i `2/m+2/ bm#D2+iBp2

i`mbi ?�b #22M �bbQ+B�i2/ rBi? ?B;?2` TQbii`�mK�iB+ bi`2bb bvKTiQKb UShaaV BM HBi2`�im`2

QM o2i2`�Mb �M/ �+iBp2 b2`pB+2K2K#2`b (j3- 8e) �b r2HH �b i`�mK�@2tTQb2/ 72K�H2 +BpBHB�Mb

(9R- 9k- 8y)X

kj



k9 +ϑΞϿАζЁ :Y /ϔЅΫЛЅЅϔϱϩ

>kV o2i2`�Mb rBi? KQ`2 b2p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb rBHH /2KQMbi`�i2

H2bb bQ+B�H `2bTQMbBp2M2bbX

h?2`2 r2`2 MQ Sha. bvKTiQK@`2H�i2/ /B772`2M+2b BM bQ+B�H `2bTQMbBp2M2bb BM Qm` +`Qbb@

b2+iBQM�H /�i�b2iX o2i2`�Mb +?�M;2/ i?2B` BMp2biK2Mi BM `2bTQMb2 iQ +?�M;2b BM i`mbi22

`2+BT`Q+Biv U6B;m`2 jXk- β1 = −0.25, p < 0.001∗∗∗, n = 153V- `2;�`/H2bb Q7 TQbii`�mK�iB+

bi`2bb bvKTiQK b2p2`Biv U0 < β3 < 0.001, p > 0.05, n = 153VX h?Bb 7BM/BM; Bb bmTTQ`i2/ #v

T`2pBQmb HBi2`�im`2 QM i?2 h`mbi :�K2 BM i`�mK�@2tTQb2/ +BpBHB�Mb- r?2`2 i?2`2 r2`2 MQ `2@

TQ`i2/ /B772`2M+2b BM i?2 `2H�iBQMb?BT #2ir22M BMp2biK2Mi �M/ i`mbi22 `2+BT`Q+Biv (9R- 9k- 8y)X

h?Bb `2D2+ib ?vTQi?2bBb >k- �M/ bm;;2bib i?�i bQ+B�H /vb7mM+iBQM BM o2i2`�Mb rBi? KQ`2 b2@

p2`2 TQbii`�mK�iB+ bi`2bb bvKTiQKb �`2 MQi /m2 iQ `2/m+2/ bQ+B�H `2bTQMbBp2M2bb BM o2i2`�Mb

rBi? Sha.X

h?2b2 7BM/BM;b bm;;2bi bQ+B�H /vb7mM+iBQM Q++m`b BM i?Qb2 rBi? Sha. /m2 iQ /27B+Bi BM i`mbi

�M/ +QQT2`�iBQM- �b QTTQb2/ iQ /27B+Bi BM bQ+B�H `2bTQMbBp2M2bbX h?Bb bm;;2bib i?�i /2bTBi2

H2bb rBHHBM;M2bb iQ i`mbi- o2i2`�Mb rBi? BM+`2�bBM; TQbii`�mK�iB+ bi`2bb bvKTiQKb �`2 Dmbi �b

`2bTQMbBp2 iQ i?2B` T�`iM2` �b T22`b i?�i 2tT`2bb ;`2�i2` i`mbiX h?2b2 `2bmHib �`2 2bT2+B�HHv

BMi2`2biBM; BM i?2 +QMi2ti Q7 HBi2`�im`2 bm;;2biBM; bQ+B�H H2�`MBM; `�i2 Bb bHQr2` 7Q` BMi2`T2`@

bQM�H pBQH2M+2@2tTQb2/ rQK2M �M/ +BpBHB�Mb /B�;MQb2/ rBi? Sha. (9R- 9k)X 6m`i?2` bim/B2b

Q7 i?2 h`mbi :�K2 BM i`�mK�@2tTQb2/ o2i2`�Mb b?QmH/ BM+Hm/2 �M BMp2biB;�iBQM BMiQ i?2B`

bQ+B�H H2�`MBM; `�i2- iQ /2i2`KBM2 r?2i?2` i?2b2 /27B+Bib BM H2�`MBM; `�i2 �`2 T`2b2Mi BM K�H2b-

BM o2i2`�Mb- �M/ BM i?2 +QMi2ti Q7 H2�`MBM; Qp2` i?2 +Qm`b2 Q7 i?2 h`mbi :�K2 U�b QTTQb2/

iQ mbBM; � T�`�/B;K i?�i BM+Hm/2b � Ǵ+QQT2`�iBp2Ǵ Q` ǴmM+QQT2`�iBp2Ǵ i`mbi22- Q` iBK2@#�b2/

K�MBTmH�iBQMb BM `2im`MXV 6m`i?2` BMp2biB;�iBQMb �`2 �HbQ M2+2bb�`v iQ /2i2`KBM2 r?2i?2` i?2

/27B+Bi BM i`mbi Bb � pmHM2`�#BHBiv 7�+iQ` 7Q` Sha.- /m2 iQ +QKQ`#B/BiB2b- Q` +�mb2/ #v Sha.X



:YlY iЁζΞАϨζϩАAЁζϣΞАζβ +ϑΞϩόζ k8

9Xk h`2�iK2Mi@`2H�i2/ *?�M;2

�M �//BiBQM�H �BK Q7 Qm` bim/v r�b iQ [m�MiB7v i`2�iK2Mi@`2H�i2/ +?�M;2b iQ irQ TQi2MiB�H

/27B+Bib BM +QMbi`m+ib `2H�i2/ iQ bQ+B�H /vb7mM+iBQMěi`mbi �M/ bQ+B�H `2bTQMbBp2M2bbX q2 K2�@

bm`2/ QT2`�iBQM�HBx�iBQMb Q7 i?2b2 +QMbi`m+ib mbBM; i?2 h`mbi :�K2 BM � +Q?Q`i Q7 o2i2`�Mb

mM/2`;QBM; d r22Fb Q7 `2bB/2MiB�H i`2�iK2Mi 7Q` Sha. �i � o� J2/B+�H *2Mi2`- #Qi? #27Q`2

�M/ �7i2` i`2�iK2MiX

>jV o2i2`�Mb rBi? BKT`Qp2K2Mi BM TQbii`�mK�iB+ bi`2bb bvKTiQKb #2ir22M T`2@

�M/ TQbi@i`2�iK2Mi rBHH b?Qr BM+`2�b2/ i`mbiX

*?�M;2 BM bvKTiQK b2p2`Biv �7i2` i`2�iK2Mi r�b +Q``2H�i2/ rBi? i`mbi U6B;m`2 \\- β1 =

−0.006, p = 0.015∗, n = 36V �M/ +QQT2`�iBQM Uβ1 = −0.006, p = 0.006∗, n = 36V- bm+? i?�i

H2bb BKT`Qp2K2Mi BM bvKTiQKb +Q``2H�i2/ rBi? ;`2�i2` /2+`2�b2 BM i`mbi �M/ +QQT2`�iBQM �7@

i2` i`2�iK2MiX h?Bb i`2M/ r�b BM i?2 /B`2+iBQM 2tT2+i2/ #mi i?2 BMi2`+2Ti Q7 i?2 +Q``2H�iBQM

Uβ0 = −0.18, p =< 0.001∗∗∗, n = 36V K�/2 Bi #2bi /2b+`B#2/ �b � KBiB;�iBQM Q7 /2+`2�b2/

BMp2biK2Mi BM i?Qb2 r?Q BKT`Qp2/ KQ`2- �b QTTQb2/ iQ �M BM+`2�b2 BM i`mbi �7i2` i`2�iK2MiX

h?Bb `2D2+ib ?vTQi?2bBb >j- i?�i o2i2`�Mb rBi? BKT`Qp2K2Mi BM bvKTiQKb rBHH BM+`2�b2 i`mbi

�7i2` i`2�iK2Mi- #mi /Q2b bm;;2bi i?�i BKT`Qp2K2Mi BM bvKTiQKb �7i2` Sha. i`2�iK2Mi +Q`@

`2H�i2b rBi? H2bb /2+`2�b2 BM i`mbiX � T`BQ` bim/v Q7 oB2iM�K o2i2`�Mb mM/2`;QBM; i`2�iK2Mi

7QmM/ i?�i i?Qb2 r?Q BKT`Qp2/ rBi? i`2�iK2Mi #Qi? bi�`i2/ �M/ 2M/2/ rBi? ?B;?2` i`mbi �b

K2�bm`2/ #v i?2 h`mbi :�K2 i?�M i?Qb2 r?Q /B/ MQi BKT`Qp2 �b Km+?c i?2b2 7BM/BM;b bmTTQ`i

T`BQ` HBi2`�im`2 i?�i bm;;2bib i`mbi Bb �M BKTQ`i�Mi +QMbi`m+i `2H�i2/ iQ i`2�iK2Mi Qmi+QK2b-

�M/ 7mim`2 bim/B2b b?QmH/ BMp2biB;�i2 r?2i?2` ?B;?2` i`mbi �i T`2i`2�iK2Mi T`2/B+ib #2ii2`

i`2�iK2Mi Qmi+QK2bc r?2i?2` +�T�+Biv iQ +?�M;2 i`mbi K2/B�i2b i`2�iK2Mi Qmi+QK2bc Q`

r?2i?2` 2772+iBp2 i`2�iK2Mi +?�M;2b i`mbi- �b r2HH �b i?2 `2H�iBQMb?BT #2ir22M i`mbi- Sha.-



ke +ϑΞϿАζЁ :Y /ϔЅΫЛЅЅϔϱϩ

�M/ +QKQ`#B/BiB2b #27Q`2 �M/ �7i2` i`2�iK2MiX

>9V o2i2`�Mb rBi? BKT`Qp2K2Mi BM TQbii`�mK�iB+ bi`2bb bvKTiQKb �7i2` i`2�i@

K2Mi rBHH /2KQMbi`�i2 BM+`2�b2/ bQ+B�H `2bTQMbBp2M2bbX

h?2`2 r�b MQ bB;MB7B+�Mi /B772`2M+2 BM bQ+B�H `2bTQMbBp2M2bb #v +?�M;2 BM bvKTiQK b2p2`Biv

BM i?2 i`2�iK2Mi /�i�b2i �i T`2i`2�iK2Mi Uβ3 = 0.0023, p = 0.6, n = 36VX >Qr2p2`- �i TQbi@

i`2�iK2Mi- i?2`2 Bb � /2+`2�b2 BM +?�M;2 BM BMp2biK2Mi T2` mMBi BM+`2�b2 BM i`mbi22 `2+BT`Q+Biv-

T2` mMBi Q7 BM+`2�b2/ S*G Uβ7 = −0.01, p = 0.02∗, n = 36VX AM Qi?2` rQ`/b- r2 Q#b2`p2/

� /2+`2�b2 BM `2bTQMbBp2M2bb BM i?Qb2 rBi? H2bb BKT`Qp2K2Mi TQbii`2�iK2MiX U6B;m`2 jX9-

β3 = −0.32, p < 0.001∗∗∗, n = 36VX h?Qb2 r?Qb2 bvKTiQKb BKT`Qp2 rBi? i`2�iK2Mi b?Qr MQ

bm+? 2772+i U6B;m`2 jX9 β3 = 0.04, p = 0.6, n = 36VX h?Bb bm;;2bib o2i2`�Mb r?Qb2 bvKTiQKb

BKT`Qp2 rBi? i`2�iK2Mi b?Qr MQ +?�M;2 BM bQ+B�H `2bTQMbBp2M2bb �7i2` i`2�iK2Mi- `2D2+iBM;

?vTQi?2bBb >9X 6m`i?2`KQ`2- o2i2`�Mb r?Qb2 bvKTiQKb BKT`Qp2 H2bb rBi? i`2�iK2Mi �`2 H2bb

bQ+B�HHv `2bTQMbBp2 TQbii`2�iK2Mi- /2bTBi2 MQ /B772`2M+2b T`2i`2�iK2MiX

h?Bb B�i`Q;2MB+ 2772+i B/2MiB7B2/ BM Qm` bim/v r�b +QM7B`K2/ #v b2T�`�i2Hv `mMMBM; � `2@

;`2bbBQM BM o2i2`�Mb rBi? BKT`Qp2K2Mi Q7 H2bb i?�M R9X8 TQBMib QM i?2 S*G U6B;m`2 jX9-

β3 = −0.32, p < 0.001∗∗∗, n = 36VX o2i2`�Mb i?�i mM/2`;Q `2bB/2MiB�H i`2�iK2Mi 2tT2`B2M+2

� K2�M /2+`2�b2 Q7 #2ir22M eX8 �M/ Rd TQBMib QM i?2 S*G@8 �7i2` i`2�iK2Mi (8d)- bm;;2bi@

BM; � bB;MB7B+�Mi TQ`iBQM Q7 o2i2`�Mb +QmH/ 2tT2`B2M+2 /2+`2�b2/ bQ+B�H `2bTQMbBp2M2bb �7i2`

i`2�iK2MiX

.2+`2�b2b BM #Qi? i`mbi �M/ bQ+B�H `2bTQMbBp2M2bb �7i2` i`2�iK2Mi T`QpB/2 mM2tT2+i2/ #mi

BKTQ`i�Mi 7BM/BM;b iQ 7m`i?2` BMp2biB;�i2 iQ BM7Q`K `2bB/2MiB�H Sha. i`2�iK2MiX aQ+B�H

/vb7mM+iBQM K2/B�i2b i`2�iK2Mi@b22FBM; #2?�pBQ` (k8)- �/?2`2M+2 (ke- kd)- �M/ Qmi+QK2b

(8- k3- jy- jR- jk) BM o2i2`�Mb rBi? Sha.c Bi Bb BKTQ`i�Mi iQ /2i2`KBM2 ?Qr i?2b2 B�i`Q@
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;2MB+ /27B+Bib �772+i /�BHv bQ+B�H 7mM+iBQMBM; �M/ 7mim`2 i`2�iK2Mi@b22FBM; #2?�pBQ`X Ai Bb �HbQ

BKTQ`i�Mi iQ /2i2`KBM2 r?2i?2` i?Bb 2772+i Bb bT2+B7B+ iQ `2bB/2MiB�H i`2�iK2Mi- B7 � T�`iB+@

mH�` TQTmH�iBQM Bb BKT�+i2/- �M/ B7 Bi +�M #2 H2bb2M2/ rBi? �//BiBQM�H i`2�iK2MiX h`�mK�

J�M�;2K2Mi h?2`�Tv (jj- j9- j8- je- jd)- 7Q` 2t�KTH2- Bb �M 2pB/2M+2@#�b2/ BMi2`p2MiBQM

bT2+B7B+�HHv /2p2HQT2/ iQ `2/m+2 bQ+B�H /vb7mM+iBQM BM o2i2`�Mb �M/ +QmH/ #2 2KTHQv2/ Qmi@

T�iB2Mi �7i2` /Bb+?�`;2 iQ `2/m+2 B�i`Q;2MB+ bQ+B�H /vb7mM+iBQM BM i?Qb2 r?Q `2bTQM/2/ TQQ`Hv

iQ i`2�iK2MiX

PM2 BKTQ`i�Mi HBKBi�iBQM iQ +QMbB/2` BM i?2 +QMi2ti Q7 i?2b2 `2bmHib Bb i?2 H�+F Q7 r�BiHBbi

+QMi`QH ;`QmTX Ai Bb TQbbB#H2 i?�i o2i2`�Mb rBi? ?B;? bvKTiQK b2p2`Biv i?�i /Q2b MQi /2+`2�b2

Qp2` iBK2 �M/ r?Q TH�v i?2 h`mbi :�K2 KmHiBTH2 iBK2b rBHH /2KQMbi`�i2 /2+`2�b2b BM i`mbi

�M/ bQ+B�H `2bTQMbBp2M2bbX 6m`i?2` bim/B2b +QmH/ BMp2biB;�i2 i?2 BKT�+i Q7 i`2�iK2Mi

9Xj *QM+HmbBQM

AM Qm` BMp2biB;�iBQM Q7 irQ TQi2MiB�H K2+?�MBbKb Q7 bQ+B�H /vb7mM+iBQM BM +QK#�i@2tTQb2/

o2i2`�Mb rBi? p�`B2/ TQbii`�mK�iB+ bi`2bb bvKTiQKb- r2 7QmM/ o2i2`�Mb rBi? KQ`2 b2p2`2

TQbii`�mK�iB+ bi`2bb bvKTiQKb 2t?B#Bi H2bb i`mbi �M/ +QQT2`�iBQM #2?�pBQ` U6B;m`2 jXRV #mi

BMi�+i bQ+B�H `2bTQMbBp2M2bb U6B;m`2 jXkVX AM � /�i�b2i Q7 o2i2`�Mb i?�i mM/2`r2Mi d r22Fb

Q7 `2bB/2MiB�H i`2�iK2Mi- r2 7QmM/ i?�i i?Qb2 r?Q b?Qr H2bb BKT`Qp2K2Mi BM TQbii`�mK�iB+

bi`2bb bvKTiQKb /2+`2�b2 i`mbi �M/ bQ+B�H `2bTQMbBp2M2bb �i TQbii`2�iK2Mi U6B;m`2 jX9VX

h?Bb Bb BM +QMi`�bi iQ i?Qb2 r?Q b?Qr KQ`2 BKT`Qp2K2Mi K�BMi�BM Q` BM+`2�b2 i`mbi- �M/

K�BMi�BM bQ+B�H `2bTQMbBp2M2bb �i TQbii`2�iK2Mi U6B;m`2 jX9VX Pp2`�HH- Qm` bim/v +QMi`B#mi2b

iQ � #Q/v Q7 HBi2`�im`2 +?�`�+i2`BxBM; i?2 BKT�+i Q7 TQbii`�mK�iB+ bi`2bb bvKTiQKb QM bQ+B�H

BMi2`�+iBQM- �M/ bm;;2bib 7mim`2 �ii2MiBQM #2 T�B/ iQ i?2 BKT�+i Q7 i`2�iK2Mi QM bQ+B�H

/vb7mM+iBQMX
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(R) 1X "X 1H#Q;2M- aX *X CQ?MbQM- >X _X q�;M2`- *X amHHBp�M- *X hX h�7i- �M/ CX *X "2+F@

?�K- ǳoBQH2Mi #2?�pBQm` �M/ TQbi@i`�mK�iB+ bi`2bb /BbQ`/2` BM la B`�[ �M/ �7;?�MBbi�M

p2i2`�Mb-Ǵ pQHX ky9- MQX 8- TTX je3Ĝjd8X

(k) _X a2B/2K�MM- PX .m2F- _X CB�- AX G2pv- �M/ AX >�`T�x@_Qi2K- ǳh?2 `2r�`/ bvbi2K �M/

TQbi@i`�mK�iB+ bi`2bb /BbQ`/2`, .Q2b i`�mK� �772+i i?2 r�v r2 BMi2`�+i rBi? TQbBiBp2

biBKmHB\-Ǵ pQHX 8- TX k9dy89dykRNNeyyX

(j) AMbiBimi2 Q7 J2/B+BM2- h`2�iK2Mi 7Q` SQbii`�mK�iB+ ai`2bb .BbQ`/2` BM JBHBi�`v �M/

o2i2`�M SQTmH�iBQMb, 6BM�H �bb2bbK2MiX L�iBQM�H �+�/2KB2b S`2bbX S�;2b, R3dk9X

(9) .X CX G22- *X qX a+?MBixH2BM- CX SX qQH7- JX ovi?BHBM;�K- �X JX _�bKmbbQM- �M/

*X qX >Q;2- ǳSbv+?Qi?2`�Tv p2`bmb T?�`K�+Qi?2`�Tv 7Q` TQbii`�mK�iB+ bi`2bb /BbQ`/2`,

avbi2K�iB+ `2pB2r �M/ K2i�@�M�Hvb2b iQ /2i2`KBM2 7B`bi@HBM2 i`2�iK2Mib, *QKT�`BbQM Q7

Sha. ;mB/2HBM2b-Ǵ pQHX jj- MQX N- TTX dNkĜ3yeX

(8) *X SX J+G2�M- >X *X G2pv- JX GX JBHH2`- �M/ .X 6X hQHBM- ǳ1tTQbm`2 i?2`�Tv 7Q` Sha.,

� K2i�@�M�HvbBb-Ǵ pQHX NR- TX RykRR8X

(e) aX GX _BxpB- .X aX oQ;i- �M/ SX �X _2bB+F- ǳ*Q;MBiBp2 �M/ �772+iBp2 T`2/B+iQ`b Q7 i`2�iK2Mi

Qmi+QK2 BM +Q;MBiBp2 T`Q+2bbBM; i?2`�Tv �M/ T`QHQM;2/ 2tTQbm`2 7Q` TQbii`�mK�iB+ bi`2bb

/BbQ`/2`-Ǵ pQHX 9d- MQX N- TTX djdĜd9jX

(d) "X EBM;@*�b�b- .X hQKHBM- *X �M2M- *X 6X *�K2`2`- aX _X Zm�`ix- �M/ SX _X JQMi�;m2-

ǳ:2iiBM; iQ FMQr vQm, _2Tmi�iBQM �M/ i`mbi BM � irQ@T2`bQM 2+QMQKB+ 2t+?�M;2-Ǵ

pQHX jy3- MQX 8dR3- TTX d3Ĝ3jX

k3
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(3) CX "2`;- CX .B+F?�mi- �M/ EX J+*�#2- ǳh`mbi- `2+BT`Q+Biv- �M/ bQ+B�H ?BbiQ`v-Ǵ pQHX Ry-

MQX R- TTX RkkĜR9kX

(N) JX C�FmT+�F- .X *QMv#2�`2- GX S?2HTb- aX >mMi- >X �X >QHK2b- "X 62HF2`- JX EH2p2Mb-

�M/ JX 1X J+6�HH- ǳ�M;2`- ?QbiBHBiv- �M/ �;;`2bbBQM �KQM; B`�[ �M/ �7;?�MBbi�M r�`

p2i2`�Mb `2TQ`iBM; Sha. �M/ bm#i?`2b?QH/ Sha.-Ǵ pQHX ky- MQX e- TTX N98ĜN89X

(Ry) .X J�+J�Mmb- _X _QM�- >X .B+FbQM- :X aQK�BMB- LX 62�`- �M/ aX q2bb2Hv- ǳ�;;`2b@

bBp2 �M/ pBQH2Mi #2?�pBQ` �KQM; KBHBi�`v T2`bQMM2H /2THQv2/ iQ B`�[ �M/ �7;?�MBbi�M,

S`2p�H2M+2 �M/ HBMF rBi? /2THQvK2Mi �M/ +QK#�i 2tTQbm`2-Ǵ pQHX jd- MQX R- TTX RNeĜkRkX

(RR) aX _X JBH2b- .X aX J2M2722- CX q�MM2`- �X h2i2M h?�`T- �M/ hX �X E2Mi- ǳh?2 `2@

H�iBQMb?BT #2ir22M 2KQiBQM /vb`2;mH�iBQM �M/ BKTmHbBp2 �;;`2bbBQM BM p2i2`�Mb rBi?

TQbii`�mK�iB+ bi`2bb /BbQ`/2` bvKTiQKb-Ǵ pQHX jR- MQX Ry- TTX RdN8ĜR3ReX

(Rk) _X qX LQp�+Q �M/ *X JX *?2KiQ#- ǳ�M;2` �M/ +QK#�i@`2H�i2/ TQbii`�mK�iB+ bi`2bb

/BbQ`/2`-Ǵ pQHX R8- MQX k- TTX RkjĜRjkX

(Rj) _X qX LQp�+Q �M/ *X JX *?2KiQ#- ǳoBQH2M+2 �bbQ+B�i2/ rBi? +QK#�i@`2H�i2/ TQbii`�m@

K�iB+ bi`2bb /BbQ`/2`, h?2 BKTQ`i�M+2 Q7 �M;2`X-Ǵ pQHX d- MQX 8- TTX 938Ĝ9NkX

(R9) lX P`i? �M/ 1X qB2H�M/- ǳ�M;2`- ?QbiBHBiv- �M/ TQbii`�mK�iB+ bi`2bb /BbQ`/2` BM i`�mK�@

2tTQb2/ �/mHib, � K2i�@�M�HvbBbX-Ǵ pQHX d9- MQX 9- TTX eN3ĜdyeX

(R8) _X *X E2bbH2`- ǳSQbii`�mK�iB+ bi`2bb /BbQ`/2`, i?2 #m`/2M iQ i?2 BM/BpB/m�H �M/ iQ

bQ+B2iv-Ǵ pQHX eR amTTH 8- TTX 9ĜRkc /Bb+mbbBQM RjĜR9X

(Re) EX �X G�r`2M+2- .X oQ;i- �X CX .m;�M- aX LB;�K- 1X aH�/2- �M/ "X LX aKBi?- ǳJ2Mi�H

?2�Hi? �M/ Tbv+?QbQ+B�H 7mM+iBQMBM; BM `2+2MiHv b2T�`�i2/ mXbX rQK2M p2i2`�Mb, h`�D2+@

iQ`B2b �M/ #B@/B`2+iBQM�H `2H�iBQMb?BTb-Ǵ pQHX R3- MQX j- TX Nj8X
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(Rd) GX w?�M; �M/ CX :H b+?2`- ǳ� #`�BM M2irQ`F bmTTQ`iBM; bQ+B�H BM7Hm2M+2b BM ?mK�M

/2+BbBQM@K�FBM;-Ǵ pQHX e- MQX j9- TX 2�##9R8NX

(R3) JX "X a2tiQM- �X EX .�pBb- EX _X "m+??QHx- CX CX qBMi2`b- aX �X JX _�m+?- JX ux[mB#2HH-

1X 1X "QM�`- aX 6`B/�v- �M/ aX hX *?2`K�+F- ǳo2i2`�Mb rBi? `2+2Mi bm#bi�M+2 mb2 �M/

�;;`2bbBQM, Sha.- bm#bi�M+2 mb2- �M/ bQ+B�H M2irQ`F #2?�pBQ`bX-Ǵ pQHX RR- MQX 9- TTX 9k9Ĝ

9jjX

(RN) JX aX EQT�+x- .X �K2b- �M/ >X :X EQ2MB;- ǳ�bbQ+B�iBQM #2ir22M i`mbi �M/ K2Mi�H-

bQ+B�H- �M/ T?vbB+�H ?2�Hi? Qmi+QK2b BM p2i2`�Mb �M/ �+iBp2 /miv b2`pB+2 K2K#2`b rBi?

+QK#�i@`2H�i2/ Sha. bvKTiQK�iQHQ;v-Ǵ pQHX N- TX 9y3X

(ky) GX JX aBTT2H- GX 1X q�iFBMb- _X >X SB2i`x�F- _X >Q77- �M/ AX >�`T�x@_Qi2K- ǳh?2 mMB[m2

`QH2b Q7 2KQiBQM�H MmK#BM; �M/ �`Qmb�H bvKTiQKb BM `2H�iBQM iQ bQ+B�H +QMM2+i2/M2bb

�KQM; KBHBi�`v p2i2`�Mb BM `2bB/2MiB�H i`2�iK2Mi 7Q` Sha.-Ǵ pQHX 3R- MQX j- TTX kdRĜk3kX

(kR) GX JX aBTT2H- GX 1X q�iFBMb- _X >X SB2i`x�F- _X >Q77- �M/ AX >�`T�x@_Qi2K- ǳ>2i2`Q@

;2M2Biv Q7 TQbii`�mK�iB+ bi`2bb bvKTiQK�iQHQ;v �M/ bQ+B�H +QMM2+i2/M2bb BM i`2�iK2Mi@

b22FBM; KBHBi�`v p2i2`�Mb, � HQM;Bim/BM�H 2t�KBM�iBQM-Ǵ pQHX Ry- MQX R- TX Re9eyNRX

(kk) "X "X .2"22`- LX �X EBK#`2H- 1X *X J2v2`- aX "X :mHHBp2`- �M/ aX "X JQ`Bbb2ii2- ǳ*QK@

#BM2/ Sha. �M/ /2T`2bbBp2 bvKTiQKb BMi2`�+i rBi? TQbi@/2THQvK2Mi bQ+B�H bmTTQ`i

iQ T`2/B+i bmB+B/�H B/2�iBQM BM QT2`�iBQM 2M/m`BM; 7`22/QK �M/ QT2`�iBQM B`�[B 7`22/QK

p2i2`�Mb-Ǵ pQHX kRe- MQX j- TTX j8dĜjekX

(kj) JX GX E2HH2v- �X CX "`�pQ- _X GX .�pB2b- >X *X >�K`B+F- *X oBM+B- �M/ CX *X _2/K�M-

ǳJQ`�H BMDm`v �M/ bmB+B/�HBiv �KQM; +QK#�i@rQmM/2/ p2i2`�Mb, h?2 KQ/2`�iBM; 2772+ib

Q7 bQ+B�H +QMM2+i2/M2bb �M/ b2H7@+QKT�bbBQMX-Ǵ pQHX RR- MQX e- TTX ekRĜekNX
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(k9) *X JX G2K�B`2 �M/ .X SX :`�?�K- ǳ6�+iQ`b �bbQ+B�i2/ rBi? bmB+B/�H B/2�iBQM BM P1@

6fPA6 p2i2`�Mb-Ǵ pQHX Rjy- MQX R- TTX kjRĜkj3X

(k8) "X EH2bi- �X h�K�B�M- �M/ 1X "Qm;?M2`- ǳ� KQ/2H 2tTHQ`BM; i?2 `2H�iBQMb?BT #2ir22M

#2i`�v�H i`�mK� �M/ ?2�Hi?, h?2 `QH2b Q7 K2Mi�H ?2�Hi?- �ii�+?K2Mi- i`mbi BM ?2�Hi?+�`2

bvbi2Kb- �M/ MQM�/?2`2M+2 iQ i`2�iK2MiX-Ǵ pQHX RR- MQX e- TTX e8eĜeekX

(ke) .X 6X :`Qb- JX S`B+2- 1X EX um2M- �M/ _X �+B2`MQ- ǳS`2/B+iQ`b Q7 Sha. i`2�iK2Mi

+QKTH2iBQM BM P16fPA6 p2i2`�Mb rBi? TQbii`�mK�iB+ bi`2bb /BbQ`/2`-Ǵ pQHX jy- MQX RR-

TTX RRydĜRRRjX

(kd) .X .X ax�7`�MbFB- .X 6X :`Qb- .X aX J2M2722- �M/ XXX- ǳh`2�iK2Mi �/?2`2M+2, �M 2t@

�KBM�iBQM Q7 r?v P16fPA6fPL. p2i2`�Mb /Bb+QMiBMm2 BMT�iB2Mi Sha. i`2�iK2Mi-Ǵ

Sm#HBb?2`, h�vHQ` �6`�M+BbX

(k3) .X 6Q`#2b- JX *`2�K2`- :X >�ri?Q`M2- LX �HH2M- �M/ hX J+?m;?- ǳ*QKQ`#B/Biv �b �

T`2/B+iQ` Q7 bvKTiQK +?�M;2 �7i2` i`2�iK2Mi BM +QK#�i@`2H�i2/ TQbii`�mK�iB+ bi`2bb

/BbQ`/2`X-Ǵ pQHX RNR- MQX k- TTX NjĜNNX

(kN) .X 6Q`#2b- _X S�`bHQr- JX *`2�K2`- LX �HH2M- hX J+>m;?- �M/ JX >QTrQQ/- ǳJ2+?@

�MBbKb Q7 �M;2` �M/ i`2�iK2Mi Qmi+QK2 BM +QK#�i p2i2`�Mb rBi? TQbii`�mK�iB+ bi`2bb

/BbQ`/2`-Ǵ pQHX kR- MQX k- TTX R9kĜR9NX

(jy) CX :QQ/bQM- �X >2Hbi`QK- CX JX >�HT2`M- JX SX 62`2Mb+?�F- aX CX :BHHB?�M- �M/ JX "X

SQr2`b- ǳh`2�iK2Mi Q7 TQbii`�mK�iB+ bi`2bb /BbQ`/2` BM mXbX +QK#�i p2i2`�Mb, � K2i�@

�M�HviB+ `2pB2r-Ǵ pQHX RyN- MQX k- TTX 8djĜ8NNX

(jR) .X Jm`T?v �M/ EX oX aKBi?- ǳh`2�iK2Mi 277B+�+v 7Q` p2i2`�Mb rBi? TQbii`�mK�iB+ bi`2bb

/BbQ`/2`, G�i2Mi +H�bb i`�D2+iQ`B2b Q7 i`2�iK2Mi `2bTQMb2 �M/ i?2B` T`2/B+iQ`b-Ǵ pQHX jR-

MQX 8- TTX d8jĜdejX
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(jk) *X GX ai`�m/- CX aB2p- aX J2bb2`- �M/ �X EX w�Hi�- ǳ1t�KBMBM; KBHBi�`v TQTmH�iBQM

�M/ i`�mK� ivT2 �b KQ/2`�iQ`b Q7 i`2�iK2Mi Qmi+QK2 7Q` 7B`bi@HBM2 Tbv+?Qi?2`�TB2b 7Q`

Sha., � K2i�@�M�HvbBb-Ǵ pQHX ed- TX RykRjjX

(jj) .X *X "2B/2H- "X *X 6`m2?- hX qX l?/2- LX qQM;- �M/ CX JX J2Mi`BFQbFB- ǳJmHiB+QK@

TQM2Mi #2?�pBQ`�H i`2�iK2Mi 7Q` +?`QMB+ +QK#�i@`2H�i2/ TQbii`�mK�iB+ bi`2bb /BbQ`/2`,

� `�M/QKBx2/ +QMi`QHH2/ i`B�H-Ǵ pQHX k8- MQX k- TTX kk9ĜkjRX

(j9) .X *X "2B/2H- "X *X 6`m2?- aX JX L22`- *X �X "Qr2`b- "X h`�+?BF- hX qX l?/2- �M/

�X :`m#�m;?- ǳh`�mK� K�M�;2K2Mi i?2`�Tv rBi? pB`im�H@`2�HBiv �m;K2Mi2/ 2tTQbm`2

i?2`�Tv 7Q` +QK#�i@`2H�i2/ Sha., � `�M/QKBx2/ +QMi`QHH2/ i`B�H-Ǵ pQHX eR- TTX e9Ĝd9X

(j8) .X *X "2B/2H- aX JX L22`- *X �X "Qr2`b- �X _X L2rBMb- SX qX hm2`F- *X �X *mMMBM;?�K-

aX _X JQQM2v- >X LX >�m+F- �M/ JX C2ii- ǳh`�mK� K�M�;2K2Mi i?2`�Tv �M/ T`QHQM;2/

2tTQbm`2 i?2`�Tv 7Q` Sha. BM �M �+iBp2 /miv b�KTH2, .2bB;M �M/ K2i?Q/QHQ;v Q7 �

`�M/QKBx2/ +HBMB+�H i`B�H-Ǵ pQHX Rd- TX Ryy9NRX

(je) .X *X "2B/2H- "X *X 6`m2?- aX JX L22`- �M/ *X qX G2Dm2x- ǳh?2 277B+�+v Q7 i`�mK� K�M@

�;2K2Mi i?2`�Tv, � +QMi`QHH2/ TBHQi BMp2biB;�iBQM Q7 � i?`22@r22F BMi2MbBp2 QmiT�iB2Mi

T`Q;`�K 7Q` +QK#�i@`2H�i2/ Sha.-Ǵ Sm#HBb?2`, 1Hb2pB2` hvT2, >hJGX

(jd) .X *X "2B/2H- CX qX aiQmi- aX JX L22`- "X *X 6`m2?- �M/ *X G2Dm2x- ǳ�M BMi2MbBp2 Qmi@

T�iB2Mi i`2�iK2Mi T`Q;`�K 7Q` +QK#�i@`2H�i2/ Sha., h`�mK� K�M�;2K2Mi i?2`�Tv-Ǵ

pQHX 3R- MQX k- TTX RydĜRkkX

(j3) *X JX *B�b- _X uQmM;- �M/ SX "�``2B`�- ǳGQbb Q7 i`mbi, *Q``2H�i2b Q7 i?2 +QKQ`#B/Biv Q7

Tib/ �M/ b2p2`2 K2Mi�H BHHM2bb-Ǵ pQHX 8- MQX k- TTX RyjĜRkjX

(jN) :X .X :`�+2 �M/ hX a+?BHH- ǳaQ+B�H bmTTQ`i �M/ +QTBM; bivH2 /B772`2M+2b BM bm#D2+ib ?B;?

�M/ HQr BM BMi2`T2`bQM�H i`mbi-Ǵ pQHX 8N- MQX k- TTX 839Ĝ83eX
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(9y) PX 62H/K�M>�HH �M/ JX _X L�bb�`- ǳh?2 +QKTmi�iBQM�H +?�HH2M;2 Q7 bQ+B�H H2�`MBM;-Ǵ

pQHX k8- MQX Rk- TTX Ry98ĜRy8dX

(9R) CX JX *BbH2`- EX "mb?- CX a+Qii ai22H2- CX EX G2MQr- aX aKBi?2`K�M- �M/ *X .X EBHib-

ǳ"`�BM �M/ #2?�pBQ`�H 2pB/2M+2 7Q` �Hi2`2/ bQ+B�H H2�`MBM; K2+?�MBbKb �KQM; rQK2M

rBi? �bb�mHi@`2H�i2/ TQbii`�mK�iB+ bi`2bb /BbQ`/2`-Ǵ pQHX ej- TTX d8Ĝ3jX

(9k) EX a2HHMQr- EX 1b#2Mb2M- �M/ CX JX *BbH2`- ǳaQ+B�H i`mbi �M/ `2+BT`Q+Biv �KQM; �/QH2b@

+2Mi ;B`Hb 2tTQb2/ iQ BMi2`T2`bQM�H pBQH2M+2-Ǵ pQHX je- MQX kR- TTX NNddĜNNN8X

(9j) 6X GB- SX *?Bm- �M/ "X EBM;@*�b�b- ǳh`mbi �M/ `2+BT`Q+Biv, h?2 `QH2 Q7 Qmi+QK2 �M/

#2HB27@#�b2/ KQiBp�iBQMb-Ǵ BM h?2 M2m`Q#BQHQ;v Q7 i`mbi U6X E`m2;2`- 2/XV- *�K#`B/;2

lMBp2`bBiv S`2bbX

(99) GX .X JQHK- .X _X a+?�272`- �M/ CX GX *QHH2ii- ǳh?2 p�Hm2 Q7 `2+BT`Q+Biv-Ǵ pQHX dy- MQX k-

TTX RNNĜkRdX

(98) SX �X JX o�M G�M;2- ǳh?2 Tm`bmBi Q7 DQBMi Qmi+QK2b �M/ 2[m�HBiv BM Qmi+QK2b, �M

BMi2;`�iBp2 KQ/2H Q7 bQ+B�H p�Hm2 Q`B2Mi�iBQMX-Ǵ pQHX dd- MQX k- TTX jjdĜj9NX

(9e) SX _X JQMi�;m2- "X EBM;@*�b�b- �M/ CX .X *Q?2M- ǳAJ�:AL: o�Gl�hAPL JP.1Ga

AL >lJ�L *>PA*1-Ǵ pQHX kN- MQX R- TTX 9RdĜ993X

(9d) *X a`BT�/�- JX �M;bi�/i- AX GB#2`xQM- EX J+*�#2- �M/ EX GX S?�M- ǳ�"1__�Lh

_1q�_. *1Lh1_ _1aSPLa1 hP S�_hL1_ _1Slh�hAPL .l_AL: � aP*A�G

1s*>�L:1 :�J1 AL :1L1_�GAw1. aP*A�G S>P"A�, EH2BM �r�`/ qBMM2`,

aQ+B�H 1t+?�M;2 :�K2-Ǵ pQHX jy- MQX 9- TTX j8jĜjeRX

(93) _X aH�/Fv- 6X _Bp�- GX �X _Qb2M#2`;2`- CX p�M >QMF- �M/ *X G�KK- ǳ"�bQH�i2`�H �M/

+2Mi`�H �Kv;/�H� Q`+?2bi`�i2 ?Qr r2 H2�`M r?QK iQ i`mbi-Ǵ pQHX 9- MQX R- TX RjkNX
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(9N) *X J�m`2`- oX *?�K#QM- aX "Qm`;2QBb@:B`QM/2- JX G2#Qv2`- �M/ hX w�HH�- ǳh?2 BM7Hm@

2M+2 Q7 T`BQ` `2Tmi�iBQM �M/ `2+BT`Q+Biv QM /vM�KB+ i`mbi@#mBH/BM; BM �/mHib rBi? �M/

rBi?Qmi �miBbK bT2+i`mK /BbQ`/2`-Ǵ pQHX Rdk- TTX RĜRyX

(8y) oX "2HH- "X _Q#BMbQM- *X E�iQM�- �X@EX 62ii- �M/ aX a?2`;BHH- ǳq?2M i`mbi Bb HQbi, i?2

BKT�+i Q7 BMi2`T2`bQM�H i`�mK� QM bQ+B�H BMi2`�+iBQMb-Ǵ pQHX 9N- MQX e- TTX Ry9RĜRy9eX

(8R) ǳ.B�;MQbiB+ �M/ bi�iBbiB+�H K�Mm�H Q7 K2Mi�H /BbQ`/2`b, .aJ@Ao c BM+Hm/2b A*.@N@*J

+Q/2b 2772+iBp2 RX Q+iX NeXǴ

(8k) 6X qX q2�i?2`b- CX >mbF�- �M/ hX JX E2�M2- ǳh?2 Sha. +?2+FHBbi KBHBi�`v p2`bBQM

US*G@KV-Ǵ pQHX 9kX

(8j) *X �X "H2pBMb- 6X qX q2�i?2`b- JX hX .�pBb- hX EX qBii2- �M/ CX GX .QKBMQ- ǳh?2

TQbii`�mK�iB+ bi`2bb /BbQ`/2` +?2+FHBbi 7Q` .aJ@8 US*G@8V, .2p2HQTK2Mi �M/ BMBiB�H

Tbv+?QK2i`B+ 2p�Hm�iBQM, SQbii`�mK�iB+ bi`2bb /BbQ`/2` +?2+FHBbi 7Q` .aJ@8-Ǵ pQHX k3-

MQX e- TTX 93NĜ9N3X

(89) aX CX JQb?B2`- .X CX G22- JX CX "QpBM- :X :�mi?B2`- �X w�t- _X *X _Qb2M- hX JX E2�M2-

�M/ "X SX J�`t- ǳ�M 2KTB`B+�H +`Qbbr�HF 7Q` i?2 Sha. +?2+FHBbi, h`�MbH�iBM; .aJɢAo

iQ .aJɢ8 mbBM; � p2i2`�M b�KTH2-Ǵ pQHX jk- MQX 8- TTX dNNĜ3y8X

(88) .X .X "H�F2- 6X qX q2�i?2`b- GX JX L�;v- .X :X E�HQmT2F- 6X .X :mbK�M- .X aX

*?�`M2v- �M/ hX JX E2�M2- ǳh?2 /2p2HQTK2Mi Q7 � +HBMB+B�M@�/KBMBbi2`2/ Sha. b+�H2-Ǵ

pQHX 3- MQX R- TTX d8ĜNyX

(8e) qX qBHHB�Kb- .X SX :`�?�K- EX J+*m``v- �X a�M/2`b- CX 1Bb2K�M- SX >X *?Bm- �M/

"X EBM;@*�b�b- ǳ:`QmT Tbv+?Qi?2`�TvǶb BKT�+i QM i`mbi BM p2i2`�Mb rBi? Sha., �

TBHQi bim/v-Ǵ pQHX d3- MQX 9- TTX jj8Ĝj93X
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(8d) SX SX :`�m- _X EX a`BT�/�- _X >X SB2i`x�F- .X :�MQ+xv- �M/ AX >�`T�x@_Qi2K- ǳh`2�i@

K2Mi `2bTQMb2 i`�D2+iQ`B2b BM `2bB/2MiB�H Sha. T`Q;`�Kb 7Q` p2i2`�Mb, � M�iBQM�H +Q?Q`i

BMp2biB;�iBQM-Ǵ pQHX Nk- TX Ryke98X

(83) "X EBM;@*�b�b- *X a?�`T- GX GQK�t@"`2�K- hX GQ?`2Mx- SX 6QM�;v- �M/ SX _X JQMi�;m2-

ǳh?2 `mTim`2 �M/ `2T�B` Q7 +QQT2`�iBQM BM #Q`/2`HBM2 T2`bQM�HBiv /BbQ`/2`-Ǵ pQHX jkR-

MQX 83Ny- TTX 3yeĜ3RyX



�TT2M/B+2b

je



�TT2M/Bt �

amTTH2K2Mi�H J2i?Q/b

�XR amTTH2K2Mi�H S�`iB+BT�Mi �M/ S`Q+2/m`2 AM7Q`K�@

iBQM

h?2 HQ+�H AMbiBimiBQM�H _2pB2r "Q�`/ �M/ o� _2b2�`+? � .2p2HQTK2Mi *QKKBii22b �TT`Qp2/

�HH bim/v T`Q+2/m`2b /2b+`B#2/ #2HQrX S`BQ` iQ T�`iB+BT�iBQM- T`Q+2/m`2b r2`2 `2pB2r2/ rBi?

TQi2MiB�H T�`iB+BT�Mib- �M/ bim/v bi�77 �Mbr2`2/ [m2biBQMb `2;�`/BM; T�`iB+BT�iBQMX �HH T�`iB+@

BT�Mib T`QpB/2/ r`Bii2M BM7Q`K2/ +QMb2Mi #27Q`2 +QKK2M+BM; bim/v T`Q+2/m`2bX h?`Qm;?Qmi

i?2 bim/v- T`Q+2/m`2b r2`2 `2@`2pB2r2/ rBi? T�`iB+BT�Mib- �M/ T�`iB+BT�Mib r2`2 `2KBM/2/

i?2v +QmH/ /Bb+QMiBMm2 T�`iB+BT�iBQM �i �Mv iBK2 rBi?Qmi T2M�Hiv �M/ rQmH/ #2 +QKT2Mb�i2/

7Q` i?2 T�`iB+BT�iBQM mT iQ i?�i TQBMiX

�XRXR _2+`mBiK2Mi �M/ 1t+HmbBQM *`Bi2`B�

am#D2+ib r2`2 o2i2`�Mb i?�i b2`p2/ BM PT2`�iBQM A`�[B 6`22/QK UPA6V- PT2`�iBQM 1M/m`BM;

6`22/QK UPA6V- �M/fQ` PT2`�iBQM L2r .�rM UPL.VX 6Q` i?2 +`Qbb@b2+iBQM�H /�i� b2i- o2i@

2`�Mb r2`2 `2+`mBi2/ 7`QK i?2 +QKKmMBiv- �M/ BM i?2 i`2�iK2Mi /�i�b2i- 7`QK i?2 `2bB/2MiB�H

Sha. i`2�iK2Mi mMBi �i i?2 a�H2K o2i2`�Mb �77�B`b J2/B+�H *2Mi2` Uo�J*V BM a�H2K- o�X

AM/BpB/m�Hb r?Q ?�/ +QKQ`#B/ Tbv+?QiB+ /BbQ`/2`b- �MiBbQ+B�H T2`bQM�HBiv /BbQ`/2`- Q` K2i

+`Bi2`B� 7Q` bm#bi�M+2 /2T2M/2M+2 rBHH #2 2t+Hm/2/ 7`QK T�`iB+BT�iBQMX AM i?2 +�b2 Q7 bm#@

jd
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bi�M+2 /2T2M/2M+2- bm#D2+ib +QmH/ #2 BM+Hm/2/ B7 i?2B` bm#bi�M+2 mb2 r�b mM/2` +QMi`QH 7Q`

irQ r22Fb T`BQ` iQ i?2 bim/vX S�`iB+BT�Mib rBi? M2m`QHQ;B+�H /BbQ`/2`b- +Q@KQ`#B/ KQQ/-

�MtB2iv- Q` Qi?2` T2`bQM�HBiv /BbQ`/2`b- Q` `2+2BpBM; Tbv+?Qi`QTB+ K2/B+�iBQM- r2`2 MQi 2t@

+Hm/2/ mMH2bb i�FBM; #2MxQ/B�x2TBM2b- r?B+? M22/2/ iQ #2 /Bb+QMiBMm2/ mM/2` i?2 bmT2`pBbBQM

Q7 Tbv+?B�i`Bbi irQ iQ 7Qm` r22Fb T`BQ` iQ #2;BMMBM; i?2 bim/vX am#D2+ib r2`2 QM � bi�#H2

K2/B+�iBQM TH�M #27Q`2 i?2 bim/v �M/ K�BMi�BM2/ Bi i?`Qm;?Qmi i?2 bim/vX

�Xk amTTH2K2Mi�H �bb2bbK2Mi AM7Q`K�iBQM

�XkXR *QKQ`#B/BiB2b

AM #Qi? /�i�b2ib- o2i2`�Mb r2`2 �bb2bb2/ 7Q` +QKQ`#B/BiB2b mbBM; i?2 ai`m+im`2/ *HBMB+�H

AMi2`pB2r 7Q` i?2 .B�;MQbiB+ �M/ ai�iBbiB+�H J�Mm�H Ua*A.VX AM i?2 +`Qbb@b2+iBQM�H ;`QmT-

i?2 a*A. 7Q` �tBb A .BbQ`/2`b BM i?2 .aJ@Ao r�b mb2/ U6B`bi � :B##QM- kyy9Vc BM i?2

i`2�iK2Mi ;`QmT- i?2 a*A.@8- r?B+? Bb 7Q` .aJ@8- r�b mb2/ U6B`bi 2i �HX- kyReVX "Qi?

;`QmTb r2`2 �HbQ �/KBMBbi2`2/ i?2 "2+F .2T`2bbBQM AMp2MiQ`v U".A- "2+F 2i �HX- RNeR- RNNeV-

r?B+? r�b mb2/ iQ [m�MiB7v /2T`2bbBQM bvKTiQKb 7Q` i?2 /2KQ;`�T?B+b BM h�#H2 RX .m2

iQ bi�77BM; /B77B+mHiB2b- i?2 a*A. r�b MQi �/KBMBbi2`2/ iQ Rk o2i2`�Mb BM i?2 h`2�iK2Mi

/�i�b2ic 7Q` i?2b2 o2i2`�Mb- � Tmi�iBp2 /B�;MQbBb Q7 /2T`2bbBQM r�b K�/2 ;Bp2M � ".A b+Q`2

bm;;2biBM; KQ/2`�i2 Q` b2p2`2 /2T`2bbBQM bvKTiQKbX AM i?2 +`Qbb@b2+iBQM�H /�i�b2i- Sha.

bvKTiQKb r2`2 K2�bm`2/ #v i?2 SQbii`�mK�iB+ ai`2bb .BbQ`/2` *?2+F GBbi- JBHBi�`v o2`bBQM

7Q` .aJ@Ao Uq2�i?2`b 2i �HX- RNNRV h?2 S*G@J K2�bm`2 Bb � b2H7@`2TQ`i +QMbBbiBM; Q7 Rd

Bi2Kb Q7 +`Bi2`BQM "- *- �M/ . Sha. bvKTiQKb BM i?2 .aJ@Ao- `�i2/ BM b2p2`Biv Q7 T`Q#H2K

7`QK R UMQi �i �HHV iQ 8 U2ti`2K2HvV- �M/ BM+Hm/2b H�M;m�;2 bT2+B7B+�HHv `2H�i2/ iQ KBHBi�`v

2tT2`B2M+2b BM [m2biBQMb R@3- r?B+? �bF �#Qmi BMi`mbBQM U"V �M/ �pQB/�M+2fMmK#BM; U*V



�YlY bЛϿϿϣζϨζϩАΞϣ �ЅЅζЅЅϨζϩА BϩυϱЁϨΞАϔϱϩ jN

bvKTiQKbX AM i?2 i`2�iK2Mi /�i�b2i- Sha. bvKTiQKb r2`2 K2�bm`2/ #v i?2 SQbii`�mK�iB+

ai`2bb .BbQ`/2` *?2+F GBbi 7Q` .aJ@8 US*G@8V b2H7@`2TQ`i U"H2pBMb 2i �HX- kyR8V h?Bb K2�bm`2

+QMbBbi Q7 ky Bi2Kb BM[mB`BM; �#Qmi bvKTiQKb Q7 +`Bi2`BQM " UBMi`mbBQMV- * U�pQB/�M+2V- .

UM2;�iBp2 +Q;MBiBQMbV- �M/ 1 U+?�M;2b BM `2�+iBpBiv iQ biBKmHBV 7`QK i?2 .aJ@8 +`Bi2`B� 7Q`

Sha.- `�i2/ BM b2p2`Biv Q7 T`Q#H2K 7`QK y UMQi �i �HHV iQ 9 U2ti`2K2HvV U�K2`B+�M Sbv+?B�i`B+

�bbQ+B�iBQM- kyRjc "H2pBMb 2i �HX- kyR8VX

�XkXk .B�;MQbBM; Sha.

hQ /B�;MQb2 Sha. BM i?2 +`Qbb@b2+iBQM�H �M/ i`2�iK2Mi /�i�b2ib- i?2 *HBMB+B�M �/KBMBbi2`2/

Sha. a+?2/mH2 r�b �/KBMBbi2`2/ U*�SaVX h?2 Q`B;BM�H *�Sa r�b �/KBMBbi2`2/ iQ i?2 +`Qbb@

b2+iBQM�H ;`QmT RN- �M/ i?2 *�Sa 7Q` .aJ8 U*�Sa@8V r�b �/KBMBbi2`2/ iQ i?2 i`2�iK2Mi

;`QmTX .m2 iQ bi�77BM; /B77B+mHiB2b- *�Sa@8 /�i� r�b MQi +QHH2+i2/ 7Q` Rk o2i2`�Mb BM i?2

i`2�iK2Mi /�i�b2iX � S*G@8 b+Q`2 Q7 8y Q` KQ`2- r?B+? Bb mb2/ #v i?2 la KBHB�`v iQ bm;;2bi

� Tmi�iBp2 /B�;MQbBb Q7 Sha.- r�b mb2/ �b � +miQ77 iQ bm;;2bi � HBF2Hv +m``2Mi /B�;MQbBb Q7

Sha. 7Q` /2KQ;`�T?B+ Tm`TQb2b BM h�#H2 kXRX

�XkXj *QKT�`BM; Sha. avKTiQKb �+`Qbb .�i�b2ib �M/ AKTmiBM;

JBbbBM; .�i�

6Q` i?2 i`2�iK2Mi /�i�b2i- S*G@8 /�i� r�b KBbbBM; 7Q` d BM/BpB/m�H [m2biBQMb �+`Qbb 7Bp2

BM/BpB/m�Hb- rBi? irQ BM/BpB/m�Hb �b T�`i Q7 T`2i`2�iK2Mi �M/ i?`22 BM/BpB/m�Hb BM TQbi@

i`2�iK2MiX �M �//BiBQM�H BM/BpB/m�H `27mb2/ iQ �Mbr2` i?2 S*G@8 [m2biBQMM�B`2- �M/ /�i�

r�b KBbbBM; 7Q` QM2 BM/BpB/m�H- #Qi? �i T`2i`2�iK2MiX 6Q` k9 BM/BpB/m�Hb- *�Sa@8 /�i� r�b

+QHH2+i2/- �M/ 7Q` 7Bp2 Q7 i?2 b2p2M BM/BpB/m�H [m2biBQMb- �b r2HH �b i?2 /�i� 7Q` i?2 `27mb�H

�M/ KBbbBM; [m2biBQMM�B`2- r�b BKTmi2/ #v /BpB/BM; i?2 bmK 7`2[m2M+vfBMi2MbBiv b+Q`2 7Q`
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2�+? K2�bm`2 #v irQ- iQ �TT`QtBK�i2 i?2 b+Q`2 7Q` 2�+? KBbbBM; S*G@8 [m2biBQMX 6Q` irQ

BM/BpB/m�Hb i?�i KBbb2/ �M BM/BpB/m�H [m2biBQM �TB2+2 �i TQbii`2�iK2Mi- *�Sa@8 r�b MQi

+QHH2+i2/X AM i?Bb +�b2- i?2 �p2`�;2 b+Q`2 7Q` i?2 Qi?2` [m2biBQMb BM i?2 `2H2p�Mi +Hmbi2` QM i?2

S*G@8 r�b +QKTmi2/ �M/ bm#biBimi2/ BM 7Q` i?2 KBbbBM; [m2biBQMX 6Q` i?2 +`Qbb@b2+iBQM�H

/�i�b2i- i?2 *HBMB+B�M �/KBMBbi2`2/ Sha. a+�H2 7Q` .aJ@Ao r�b +QHH2+i2/ BM �//BiBQM iQ

i?2 S*G@JX h?2 *�Sa Bb � +HBMB+B�M@�/KBMBbi2`2/ b2KB@bi`m+im`2/ BMi2`pB2r i?�i �bFb 7Q`

7`2[m2M+v �M/ BMi2MbBiv Q7 jy Bi2Kb `2H�i2/ iQ i?2 .aJ@Ao +`Bi2`B� 7Q` Sha. �M/ +QM+Hm/2b

rBi? i?2 +HBMB+B�MǶb #BM�`v �bb2bbK2Mi Q7 r?2i?2` i?2 T�`iB+BT�Mi K22ib �HH /B�;MQbiB+ +`Bi2`B�

7Q` Sha.X �HH Q7 i?2 [m2biBQMb +QHH2+i2/ QM i?2 S*G@J �b � R@8 GBF2`i b+�H2 �`2 �HbQ �bF2/

�M/ `�i2/ BM 7`2[m2M+v �M/ BMi2MbBiv �b � R@8 GBF2`i b+�H2 QM i?2 *�Sac BM QM2 +�b2 r?2`2 i?2

S*G@J /�i� r�b KBbbBM; #mi i?2 *�Sa r�b T`2b2Mi- Bi r�b TQbbB#H2 iQ BKTmi2 i?2 S*G@J

b+Q`2 #v i�FBM; i?2 b2H2+i2/ *�Sa Bi2Kb �M/ /BpB/BM; i?2 bmK Q7 i?2 7`2[m2M+v �M/ BMi2MbBiv

b+Q`2 7Q` 2�+? [m2biBQM #v k- iQ Q#i�BM �M 2[mBp�H2Mi S*G@J �Mbr2`X AM �//BiBQM- i?2 .aJ

+`Bi2`B� 7Q` Sha. bB;MB7B+�MiHv +?�M;2/ r?2M i?2 .aJ@8 r�b `2H2�b2/ BM kyRj- BM+Hm/BM;

bTHBiiBM; +Hmbi2` " BMiQ irQ +Hmbi2`b �M/ BMi2;`�iBM; QM2 BMiQ � M2r +Hmbi2`- .X h?2 S*G@J

r�b mT/�i2/ 7`QK � Rd@[m2biBQM- R@8 GBF2`i b+�H2 iQ i?2 S*G@8- ky@[m2biBQM y@9 GBF2`i b+�H2X

hQ +QKT�`2 i?2 +`Qbb@b2+iBQM�H �M/ i`2�iK2Mi /�i� Sha. +?�`�+i2`BbiB+b- � +`Qbbr�HF bim/v

r�b mb2/ iQ 2biBK�i2 i?2 �TT`QtBK�i2 S*G@8 b+Q`2 #�b2/ QM � ;Bp2M S*G@J b+Q`2 7Q` i?2

+`Qbb@b2+iBQM�H /�i� R3X
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�Xj amTTH2K2Mi�H h�bF AM7`QK�iBQM

�XjXR h�bF AMbi`m+iBQM

AM i?2 +`Qbb@b2+iBQM�H /�i�b2i- o2i2`�Mb r2`2 BM7Q`K2/ i?2v rQmH/ T2`7Q`K i?2 BMp2biQ` `QH2

�+`Qbb i?2 `2T2�i2/ 2t+?�M;2 �M/ TH�v rBi? 2Bi?2` �MQi?2` o2i2`�M Q` � +QKTmi2`X AM i?2

a�H2K i`2�iK2Mi /�i�b2i- o2i2`�Mb r2`2 i�m;?i i?2 i�bF �M/ BM7Q`K2/ i?2v K�v TH�v 2Bi?2`

i?2 BMp2biQ` Q` i`mbi22 `QH2- #mi �Hr�vb TH�v2/ i?2 BMp2biQ` `QH2X
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hQ 2Mbm`2 i?�i p�`B�#BHBiv r�b 7`QK /B772`2M+2b BM BMp2biQ`b `�i?2` i?�M i`mbi22b- `2T�vK2Mi

/2+BbBQMb 7Q` 2�+? BMp2biK2Mi r2`2 ;2M2`�i2/ mbBM; �M �/�TiBp2 +QKTmi2` TH�v2` #�b2/ QM
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M2�`2bi M2B;?#Q`b b�KTHBM; �H;Q`Bi?KX 6Q` 2p2`v M2ti /2+BbBQM- � /�i� p2+iQ` BM+Hm/BM;

BMp2biK2Mi 7`QK i?2 +m``2Mi `QmM/ �M/ i?2 T`2pBQmb `QmM/ UB7 T`2b2MiVX �HH `2im`Mb rBi?

�HH `QmM/b rBi? i?2 b�K2 `QmM/ MmK#2` �b r2HH �b i?2 irQ T`2pBQmb `QmM/b r2`2 2ti`�+i2/X

1m+HB/2�M /Bbi�M+2 #2ir22M i?2 BM/B+2b 7`QK i?2 +m``2Mi /�i� p2+iQ` �M/ i?Qb2 7`QK i?2

b2H2+i2/ ?BbiQ`B+�H `QmM/b r�b +�H+mH�i2/X h?2 +QKTmi2` TH�v2`Ƕb +?QB+2b r2`2 ;2M2`�i2/ #v

`�M/QKHv b�KTHBM; 7`QK i?2 /2+BbBQMb Q7 i?2 7Bp2 M2�`2bi M2B;?#Q`bX A7 i?2 7B7i?@+HQb2bi `QmM/
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6B;m`2 "XR, h?2 `2bmHib Q7 bmTTH2K2Mi�H BMp2biB;�iBQM BMiQ `2+BT`Q+Biv �M/ S*G �i T`2i`2�i@
K2Mi pbX TQbii`2�iK2Mi- r?2`2 `2+BT`Q+Biv t S*G t ik UTQbii`2�iK2MiV Bb `2;`2bb2/ QMiQ
+?�M;2 BM BMp2biK2Mi BM � /�i�b2i Q7 o2i2`�Mb i?�i mM/2`r2Mi d r22Fb Q7 `2bB/2MiB�H i`2�i@
K2Mi 7Q` Sha.X �X aB;MB7B+�Mi 7Bt2/ 2772+ib BM+Hm/2 TQbBiBp2 +Q``2H�iBQM #2ir22M `2+BT`Q+Biv
t S*G �M/ `2+BT`Q+Biv �i ik- �b r2HH �b M2;�iBp2 +Q``2H�iBQM #2ir22M `2+BT`Q+Biv t S*G �i ikX
"X *Q``2H�iBQM #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi 7Q` i?Qb2 rBi? ?B;? �M/
HQr S*G Bb `2TQ`i2/c S*G Bb K2/B�M bTHBi �i � b+Q`2 Q7 9eX8X h?2 BMi2`�+iBQM Q7 S*G �M/
i`mbi22 `2+BT`Q+Biv Bb +Q``2H�i2/ rBi? +?�M;2 BM BMp2biK2Mi BM i?2 MQ`K�HBx2/ U`2TQ`i2/ �#Qp2V
�M/ mMMQ`K�HBx2/ #2i� +Q277B+B2Mi BM i?2 KBt2/@2772+i KQ/2H Uβrecip×PCL = 0.01p = 0.002∗∗Vc
i?2 pBbm�HBx�iBQM Bb bTHBi #2ir22M i?Qb2 rBi? ǳ?B;?Ǵ pbX ǳHQrǴ S*G- r?2`2 � bTHBi Bb T2`@
7Q`K2/ �i i?2 K2/B�M U9eX8VX *X *Q``2H�iBQM #2ir22M `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi
�i iR pbX ik Bb `2TQ`i2/X h?2 BMi2`�+iBQM Q7 pBbBi �M/ i`mbi22 `2+BT`Q+Biv Bb bB;MB7B+�Mi BM i?2
MQ`K�HBx2/ U`2TQ`i2/ �#Qp2V �M/ mMMQ`K�HBx2/ #2i� +Q277B+B2Mi BM i?2 KBt2/@2772+i KQ/2H
Uβrecip×t2 = 0.7p = 0.002∗∗VX .X *Q``2H�iBQM #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM
BMp2biK2Mi �i iR �M/ ik 7Q` i?Qb2 rBi? ?B;? �M/ HQr S*G b+Q`2b Bb `2TQ`i2/c i?2`2 Bb �
bB;MB7B+�Mi i?`22@r�v BMi2`�+iBQM bm+? i?�i- �i ik- rBi? ?B;?2` S*G i?2`2 Bb H2bb +Q``2H�iBQM
#2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi- #Qi? BM i?2 MQ`K�HBx2/ U�#Qp2V �M/
mMMQ`K�HBx2/ `2;`2bbBQMb Uβrecip×PCL×t2 = −0.02p > 0.001∗∗∗VX h?2`2 Bb � bB;MB7B+�Mi /B772`@
2M+2 BM i?2 +Q``2H�iBQM #2ir22M i`mbi22 `2+BT`Q+Biv �M/ +?�M;2 BM BMp2biK2Mi #2ir22M iR �M/
ik 7Q` i?Qb2 rBi? ?B;? S*G b+Q`2b UZ = 2.36, p = 0.02∗∗V #mi MQi 7Q` i?Qb2 rBi? HQr S*G
b+Q`2b UZ = −1.63, p = 0.1VX
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