
6XEPLVVLRQ�WR�+RXVH�RI�5HSUHVHQWDWLYHV�
6WDQGLQJ� &RPPLWWHH� RQ� &RPPXQLFDWLRQV�
7UDQVSRUW�DQG�WKH�$UWV

0DQDJLQJ�)DWLJXH�LQ�7UDQVSRUW�

3UHSDUHG�E\�$VVRFLDWH�3URIHVVRU�5RQ�*UXQVWHLQ��'HSDUWPHQW�RI�0HGLFLQH��8QLYHUVLW\
RI�6\GQH\�RQ�EHKDOI�RI

• WKH� &HQWUH� IRU� 5HVSLUDWRU\� )DLOXUH� DQG� 6OHHS� 'LVRUGHUV�� 5R\DO� 3ULQFH� $OIUHG
+RVSLWDO��6\GQH\

• 6OHHS� 5HVHDUFK� *URXS�� ,QVWLWXWH� RI� 5HVSLUDWRU\� 0HGLFLQH�� 5R\DO� 3ULQFH� $OIUHG
+RVSLWDO��6\GQH\

• 6OHHS�'LVRUGHUV�6HUYLFH��6W�9LQFHQW
V�+HDOWK�&DUH�&DPSXV��6\GQH\

-XQH���������

:DUG�(���&HQWUH� IRU�5HVSLUDWRU\�)DLOXUH� DQG�6OHHS�'LVRUGHUV��5R\DO�3ULQFH� $OIUHG
+RVSLWDO��&DPSHUGRZQ��6\GQH\�����
3KRQH������������� )D[������������� (�PDLO��UUJ#PDLO�PHG�XV\G�HGX�DX
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´6OHHS�DQG�ZDWFKIXOQHVV��ERWK�RI�WKHP��ZKHQ

LPPRGHUDWH��FRQVWLWXWH�GLVHDVHµ

+LSSRFUDWHV
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&RQWHQWV

6XPPDU\ �

)LJXUHV�DQG�$SSHQGLFHV �

)DWLJXH�$V�$�&DXVH�2I�$FFLGHQWV���'URZV\�'ULYLQJ �

&RPELQHG�(IIHFWV�2I�)DWLJXH�$QG�$OFRKRO�2Q�0RWRULVWV ��

6HGDWLQJ�0HGLFDWLRQV ��

1DUFROHSV\ ��

6OHHS�$SQRHD���$�5HYHUVLEOH�&DXVH�2I�)DWLJXH ��

6OHHS�$SQHD�$QG�'ULYLQJ�5LVN ��

(FRQRPLF�$VSHFWV�2I�0RWRU�9HKLFOH�$FFLGHQWV ��

0HGLFR�/HJDO�$VSHFWV�2I�)DWLJXH�$QG�7UDQVSRUW ��

&RXQWHUPHDVXUHV���:DNHIXOQHVV��3URPRWLQJ�'UXJV� ��

)XUWKHU�,QIRUPDWLRQ ��

5HFRPPHQGDWLRQV ��

&9���$�3URI��*UXQVWHLQ ��
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6XEPLVVLRQ�WR�+RXVH�RI�5HSUHVHQWDWLYHV�
6WDQGLQJ�&RPPLWWHH�RQ�&RPPXQLFDWLRQV��7UDQVSRUW�DQG�WKH�$UWV

0DQDJLQJ�)DWLJXH�LQ�7UDQVSRUW�

6XPPDU\�

• )DWLJXH�LQ�WKH�WUDQVSRUW�LQGXVWU\�LV�FRPPRQ

• )DWLJXH� LV� OLNHO\� WR� EH� RQ� WKH� LQFUHDVH� DV� WUDQVSRUWDWLRQ� LQFUHDVLQJO\� LQYROYHV� VXVWDLQHG

RSHUDWLRQV�LQYROYLQJ�PRUH�PRQRWRQRXV�WDVNV�GXH�WR�WHFKQRORJLFDO�DGYDQFHV��:KLOH�PHFKDQLFDO

HUURUV�PD\�EH�OHVV�ZLWK�WKHVH�DGYDQFHV�WKH�ULVN�RI�KXPDQ�HUURU�LQFUHDVHV�

• 7KH�PDLQ� FDXVHV� RI� IDWLJXH� DUH� VOHHS� ORVV�� WLPH� RI� GD\� HIIHFWV� �QLJKW� ZRUN���PHGLFDWLRQV� DQG

VOHHS�GLVRUGHUV�ZKLFK�LQFUHDVH�WKH�ULVN�RI�IDOOLQJ�DVOHHS�

• 7KHUH�LV�LQFUHDVLQJ�HYLGHQFH�WKDW�VOHHS� DSQHD�LV�DQ�LPSRUWDQW�FDXVH�RI�IDWLJXH�UHODWHG�DFFLGHQWV�

SDUWLFXODUO\� ZLWK� GULYLQJ�� 8VLQJ� DQ� DWWULEXWDEOH� ULVN� FDOFXODWLRQ�� ������� RI� PRWRU� YHKLFOH

DFFLGHQWV�LQ�PHQ�DJHG�������FRXOG�EH�DYRLGHG�LI�VOHHS� DSQHD�ZDV�HOLPLQDWHG�

• 7KH� LPSRUWDQW� FRUQHUVWRQH� RI� PDQDJLQJ� IDWLJXH� LQYROYHV� DZDUHQHVV� WKURXJK� �VOHHS� KHDOWK�

SURPRWLRQ�

• 5HFRJQLWLRQ� DQG� WUHDWPHQW� RI� VOHHS� GLVRUGHUV� LV� DOVR� LPSRUWDQW� DQG� PD\� EH� DQ� DUHD� ZKHUH

VSHFLILF�DFWLRQV�ZRXOG�\LHOG�PHDVXUDEOH�RXWFRPHV�

• 7KH�HFRQRPLF�FRVW�RI�IDWLJXH�LV�OLNHO\�WR�EH�KLJKHU�WKDQ�WKH�ILJXUH�TXRWHG�E\�WKH�FRPPLWWHH�LQ

WKHLU�FDOO�IRU�VXEPLVVLRQV

• 7KH�PHGLFR�OHJDO�� FLYLO� DQG� FULPLQDO� OLDELOLW\� UHODWHG� WR� IDWLJXH� LQ� WUDQVSRUW� UHPDLQ� VRPHZKDW

XQWHVWHG�LQ�$XVWUDOLDQ�ODZ�

• %HWWHU�UHVHDUFK�LV�FUXFLDO�LQ�WKH�DUHD�RI�IDWLJXH�DQG�VOHHS��5HVHDUFK�LQLWLDWLYHV�LQ�IDWLJXH�GHWHFWLRQ

DQG�PRQLWRULQJ�� EDVLF� DQG� DSSOLHG� UHVHDUFK� DUH� QHHGHG�� ,QLWLDWLYHV� VXFK� DV�1+05&� SULRULW\

IXQGLQJ�RU�VSHFLILF�IXQGLQJ�IRU�FHQWUHV�RI�H[FHOOHQFH�LQ�IDWLJXH�DQG�VOHHS�UHVHDUFK�DUH�FUXFLDO�

• $XVWUDOLD�LV�ZHOO�SODFHG�WR�GHYHORS�WHFKQRORJLHV�UHODWHG�WR�PDQDJLQJ�IDWLJXH�ZKLFK�LQ�WXUQ�FDQ�EH
H[SRUWHG
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)LJXUHV

�� -XVW�ZRUNLQJ�QLJKW�VKLIW� LQ�D� ODUJH�0LGODQGV�IDFWRU\�QHDUO\�GRXEOHV�WKH�DFFLGHQW�UDWH�FRPSDUHG
ZLWK�HYHQLQJ�DQG�PRUQLQJ�VKLIW�

�� )DOO�DVOHHS�DFFLGHQWV�LQ�1RUWK�&DUROLQD�IURP������VKRZLQJ�WKH�LQFUHDVHG�UDWHV�DW�QLJKW�DQG�VLHVWD
SHULRG

�� &LUFDGLDQ�YDULDWLRQ�LQ�KHDY\�ORUU\�DFFLGHQWV�LQ�6ZHGHQ
�� 3UHYDOHQFH�RI� VOHHS� DSQHD� LQ�:LVFRQVLQ� VKRZLQJ� WKDW� ����RI�ZRUNLQJ�PDOH� SXEOLF� VHUYDQWV� LQ

WKDW�VWDWH�DJHG�������KDYH�PRUH�WKDQ���EUHDWKLQJ�SDXVHV�SHU�KRXU�RI�VOHHS�
�� 7KH�UDWH�RI� VQRULQJ� LQ�D�PDQ�GRXEOHV� WKH�ZLIH� LV�SUHVHQW�DW�*3� LQWHUYLHZ��GDWD� IURP�6WUDGOLQJ

�����
�� 3UHOLPLQDU\� GDWD� IURP� WKH� :LVFRQVLQ� FRKRUW� VKRZLQJ� WKDW� LQ� WKH� YDVW� PDMRULW\� RI� FDVHV

DV\PSWRPDWLF�VOHHS�DSQHD�LQFUHDVHV�LQ�VHYHULW\�DW���\HDU�IROORZ�XS�
�� 7DEOH�RI�NH\�SDSHUV�DVVHVVLQJ�GULYLQJ�DFFLGHQW�ULVN�LQ�VOHHS�DSQHD
�� 1XPEHUV�XVHG�LQ�FDOFXODWLRQ�RI�DWWULEXWDEOH�ULVN�RI�DFFLGHQWV�LQ�VOHHS�DSQHD��IURP�&RQQRU�������
�� $WWULEXWDEOH�ULVN�RI�DFFLGHQWV�LQ�VOHHS�DSQHD��IURP�&RQQRU�������
��� ,QIOXHQFH�RI�ERG\�PDVV�LQGH[��%0,��RQ�VOHHS�DSQHD�LQ�WKH�%XVVHOWRQ�6OHHS�6XUYH\

$SSHQGLFHV

$� 'URZV\�'ULYLQJ�DQG�$XWRPRELOH�&UDVKHV� 1&6'5�1+76$� H[SHUW� SDQHO� RQ� GULYHU� IDWLJXH� DQG
VOHHSLQHVV

%� 7KH�$VVRFLDWLRQ�EHWZHHQ�6OHHS�$SQHD�DQG�WKH�5LVN�RI�7UDIILF�$FFLGHQWV��7HUDQ�6DQWRV�HW�DO�IURP
1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH������

&� (GLWRULDO�IRU�7KH�$VVRFLDWLRQ�EHWZHHQ�6OHHS�$SQHD�DQG�WKH�5LVN�RI�7UDIILF�$FFLGHQWV��6XUDWW�DQG
)LQGOH\�IURP�1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH������

'� )DOOLQJ� $VOHHS� ZKLOVW� GULYLQJ�� DUH� GULYHUV� DZDUH� RI� SULRU� VOHHSLQHVV"�$Q� LPSRUWDQW� PHGLFR�OHJDO
SDSHU�ZKLFK�FKDOOHQJHV�WKH�DVVXPSWLRQV�WKH�+LJK�&RXUW�RI�$XVWUDOLD�PDGH�LQ�5�Y�-LPLQH]

(� 3DSHU� RQ� XQGHUUHSRUWLQJ� RI� VOHHSLQHVV� DQG� GULYLQJ� LPSDLUPHQW� LQ� SDWLHQWV� ZLWK� VOHHS
DSQHD�K\SRSQHD�V\QGURPH�

)� $VVRFLDWLRQ�RI�URDG�WUDIILF�DFFLGHQWV�ZLWK�EHQ]RGLD]HSLQHV
*� /HJDO�RSLQLRQ�E\�,DQ�&DOOLQDQ�4&���6OHHS�$SQRHD�DQG�5RDG�6DIHW\
+� $Q�2YHUYLHZ�RI�6OHHSLQHVV�DQG�$FFLGHQWV�E\�'DYLG�'LQJHV��DQ�H[FHOOHQW�UHYLHZ�RI�WKH�VXEMHFW�E\

D�OHDGLQJ�86�H[SHUW
,� ,QIRUPDWLRQ�RQ�WKH�86�&RDVW�*XDUG�$OHUWQHVV�DQG�)DWLJXH�5HVHDUFK�3URJUDP
-� 6\VWHP�6DIHW\�LQ�WKH�0DULQH�7UDQVSRUWDWLRQ�)LHOG��7KH�1HHG�IRU�+XPDQ�)DFWRUV�$QDO\VLV
.� 6OHHS�'LVRUGHUV�LQ�WKH�/DZ�RI�7RUWV����D�VFKRODUO\�ORRN�DW�VRPH�RI�WKH�SRWHQWLDO�OHJDO�PLQHILHOGV�LQ�WKH

DUHD�RI�IDWLJXH�DQG�IDWLJXH�PDQDJHPHQW�
/� $�UHYLHZ�RI�2EVWUXFWLYH�6OHHS�$SQHD�IURP�$XVWUDOLDQ�'RFWRU
0� 3URPRWLRQDO�0DWHULDO�IURP�$PHULFDQ�$XWRPRELOH�$VVRFLDWLRQ�RQ�IDWLJXH
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$� )$7,*8(�$6�$�&$86(�2)�$&&,'(176���'52:6<�'5,9,1*

L��,QWURGXFWLRQ

6LQFH� WKH� UHFRJQLWLRQ�RI� IDWLJXH�UHODWHG� WUDQVSRUW� GLVDVWHUV� VXFK� DV� WKH�&KDOOHQJHU� DFFLGHQW� DQG� WKH�([[RQ

9DOGH]�RU�HYHQ�WKH�3DFLILF�+LJKZD\�EXV�FUDVKHV�D�IHZ�\HDUV�DJR�LQ�$XVWUDOLD��WKH�DUHD�RI�VOHHSLQHVV�DQG�IDWLJXH

KDV�DVVXPHG�JUHDWHU� LPSRUWDQFH� LQ�DFFLGHQW�SUHYHQWLRQ� LQ� WKH� WUDQVSRUW� LQGXVWU\��7KH� LVVXHV� UHODWHG� WR� WKH

WUDQVSRUW�LQGXVWU\�DOVR�FDQ�H[WHQG�WR�D�ZLGH�UDQJH�RI�ZRUN�DUHDV�LQYROYLQJ�VKLIW�ZRUN�UDQJLQJ�IURP�QXFOHDU

SRZHU�LQGXVWU\��VHUYLFH�LQGXVWULHV�DQG�HYHQ�WKH�JDPEOLQJ�LQGXVWU\�

:H�OLYH�LQ�WKH�DJH�RI�HOHFWULFLW\�WR�OLJKW�RXU�KRXVHV�DQG�NHHS�XV�DZDNH��WHOHYLVLRQ�DQG�URXQG�WKH�FORFN�VSRUWV

FRYHUDJH�WR�NHHS�XV�VWLPXODWHG�DQG�WKH�,QWHUQHW�WR�FKDOOHQJH�XV�\HW�DJDLQ��,W� LV�HVWLPDWHG�WKDW�RYHU�����RI

LQGLYLGXDO�XVLQJ�WKH�,QWHUQHW�GR�VR�QRZ�DW�WLPHV�ZKHQ�WKH\�SUHYLRXVO\�ZRXOG�KDYH�EHHQ�DVOHHS��7KHUHIRUH�ZH

OLYH�LQ�QRW�WKH�,FH�$JH�EXW�WKH�6QRR]H�$JH�

$V�SDUW�RI�WKLV�VXEPLVVLRQ��,�KDYH�LQFOXGHG�LQ�WKH�DSSHQGLFHV�WKH�IXOO�WH[W�RI�WKH�1DWLRQDO�&HQWUH�IRU�6OHHS

'LVRUGHUV� &HQWUH�� 1DWLRQDO� +LJKZD\� 7UDIILF� 6DIHW\� $GPLQLVWUDWLRQ� �1&6'5�1+76$�� ([SHUW� SDQHO� RQ

'ULYHU�)DWLJXH�DQG�6OHHSLQHVV��$SSHQGL[�%���7KLV�UHFHQWO\�SURGXFHG�GRFXPHQW�SURYLGHV�D�UHDVRQDEOH��HDV\

WR�XQGHUVWDQG�DSSURDFK�WR�WKH�LVVXH�RI�IDWLJXH�LQ�WUDQVSRUW��WKRXJK�REYLRXVO\�IRFXVLQJ�RQ�URDG�WUDQVSRUW�

,� KDYH� XVHG� WKH� VWUXFWXUH� RI� WKLV� GRFXPHQW
V� VXPPDU\� WR� KLJKOLJKW� DQG� H[SDQG� RQ� NH\� SRLQWV� LQ� DUHHD� RI

IDWLJXH� DQG� LWV�PDQDJHPHQW�� ,� KDYH� DOVR� XVHG� IDWLJXH� DV� DQ� RSHUDWLRQDO�ZRUG�ZKLFK� HVVHQWLDOO\� GHVFULEHV� D

SURFHVV�ZKLFK�UDQJHV�IURP�LQDWWHQWLRQ�WR�DFWXDO�VOHHS

LL��%LRORJ\�2I�+XPDQ�6OHHS�$QG�6OHHSLQHVV

6OHHS�LV�D�QHXURELRORJLF�QHHG�ZLWK�SUHGLFWDEOH�SDWWHUQV�RI�VOHHSLQHVV�DQG�ZDNHIXOQHVV��6OHHSLQHVV�UHVXOWV�IURP

WKH�VOHHS�FRPSRQHQW�RI�WKH�FLUFDGLDQ�F\FOH�RI�VOHHS�DQG�ZDNHIXOQHVV��UHVWULFWLRQ�RI�VOHHS��DQG�RU�LQWHUUXSWLRQ

RU�IUDJPHQWDWLRQ�RI�VOHHS��7KLV�FDQ�EH�FODVVLILHG�FOLQLFDOO\�DV�VKRZQ�LQ�WKH�FKDUW�DERYH��7KH�ORVV�RI�RQH�QLJKW
V

VOHHS�FDQ�OHDG�WR�H[WUHPH�VKRUW�WHUP�VOHHSLQHVV��ZKLOH�KDELWXDOO\�UHVWULFWLQJ�VOHHS�E\�,�RU���KRXUV�D�QLJKW�FDQ

OHDG�WR�FKURQLF�VOHHSLQHVV��6OHHSLQJ�LV�WKH�PRVW�HIIHFWLYH�ZD\�WR�UHGXFH�VOHHSLQHVV�

6OHHSLQHVV�FDXVHV�09�FUDVKHV�EHFDXVH�LW�LPSDLUV�SHUIRUPDQFH�DQG�FDQ�XOWLPDWHO\�OHDG�WR�WKH�LQDELOLW\�WR�UHVLVW
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IDOOLQJ�DVOHHS�DW�WKH�ZKHHO��&ULWLFDO�DVSHFWV�RI�GULYLQJ�LPSDLUPHQW�DVVRFLDWHG�ZLWK�VOHHSLQHVV�DUH�UHDFWLRQ�WLPH�

YLJLODQFH��DWWHQWLRQ��DQG�LQIRUPDWLRQ�SURFHVVLQJ�

&DXVHV�RI�6OHHSLQHVV���IURP�D�FOLQLFLDQV�SRLQW�RI�YLHZ

LLL��&UDVK�&KDUDFWHULVWLFV

6XEMHFWLYH�DQG�REMHFWLYH�WRROV�DUH�DYDLODEOH�WR�DSSUR[LPDWH�RU�GHWHFW�VOHHSLQHVV��+RZHYHU��XQOLNH�WKH�VLWXDWLRQ

ZLWK�DOFRKRO�UHODWHG�FUDVKHV��QR�EORRG��EUHDWK��RU�RWKHU�PHDVXUDEOH�WHVW�LV�FXUUHQWO\�DYDLODEOH�WR�TXDQWLI\�OHYHOV

RI� VOHHSLQHVV� DW� WKH� FUDVK� VLWH�� $OWKRXJK� FXUUHQW� XQGHUVWDQGLQJ� ODUJHO\� FRPHV� IURP� LQIHUHQWLDO� HYLGHQFH�� D

W\SLFDO�FUDVK�UHODWHG�WR�VOHHSLQHVV�KDV�WKH�IROORZLQJ�FKDUDFWHULVWLFV�

��7KH�SUREOHP�RFFXUV�GXULQJ�ODWH�QLJKW��HDUO\�PRUQLQJ�RU�PLGDIWHUQRRQ�

��7KH�FUDVK�LV�OLNHO\�WR�EH�VHULRXV�

Sleepiness - Various Causes

?E N O U G H
S L E E P

D R U G S  C A U S IN G
S L E E P IN E S S

S L E E P  D IS R U P T IN G
D IS O R D E R S

P R IM A R Y  B R A IN
 D IS O R D E R S

S L E E P Y
P A T IE N T

lifestyle
insomnia

hypnotics
drug abuse

sleep apnoea
PLMS1

narcolepsy
IHS2

1. periodic limb movement disorder
2. idiopathic hypersomnolence
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• $�VLQJOH�YHKLFOH�OHDYHV�WKH�URDGZD\�

• 7KH�FUDVK�RFFXUV�RQ�D�KLJK�VSHHG�URDG�

• 7KH�GULYHU�GRHV�QRW�DWWHPSW�WR�DYRLG�D�FUDVK�

• 7KH�GULYHU�LV�RIWHQ�DORQH�LQ�WKH�YHKLFOH�

LY��5LVNV�)RU�'URZV\�'ULYLQJ�&UDVKHV

$OWKRXJK� HYLGHQFH� LV� OLPLWHG� RU� LQIHUHQWLDO�� FKURQLF� SUHGLVSRVLQJ� IDFWRUV� DQG� DFXWH� VLWXDWLRQDO� IDFWRUV

UHFRJQLVHG�DV�LQFUHDVLQJ�WKH�ULVN�RI�GURZV\�GULYLQJ�DQG�UHODWHG�FUDVKHV�LQFOXGH��

H�6OHHS�ORVV�

'ULYLQJ�SDWWHUQV�� LQFOXGLQJ�GULYLQJ�EHWZHHQ�PLGQLJKW�DQG���D�P���GULYLQJ�D�VXEVWDQWLDO�QXPEHU�RI�PLOHV

HDFK�\HDU�DQG�RU�D�VXEVWDQWLDO�QXPEHU�RI�KRXUV�HDFK�GD\��GULYLQJ�LQ�WKH�PLGDIWHUQRRQ�KRXUV��HVSHFLDOO\

IRU�ROGHU�SHUVRQV���DQG�GULYLQJ�IRU�ORQJHU�WLPHV�ZLWKRXW�WDNLQJ�D�EUHDN�

&RQVXPSWLRQ�RI�DOFRKRO��ZKLFK�LQWHUDFWV�ZLWK�DQG�DGGV�WR�GURZVLQHVV�

8VH�RI�VHGDWLQJ�PHGLFDWLRQV��HVSHFLDOO\�SUHVFULEHG�DQ[LRO\WLF�K\SQRWLFV��WULF\FOLF�DQWLGHSUHVVDQWV��DQG�VRPH

DQWLKLVWDPLQHV

8QWUHDWHG�RU�XQUHFRJQL]HG�VOHHS�GLVRUGHUV��HVSHFLDOO\�VOHHS�DSQHD��6$��DQG�QDUFROHSV\�

7KHVH�IDFWRUV�KDYH�FXPXODWLYH�HIIHFWV��D�FRPELQDWLRQ�RI�WKHP�VXEVWDQWLDOO\�LQFUHDVHV�FUDVK�ULVN�

Y��6OHHS�/RVV�DQG�&KDUDFWHULVWLFV�RI�)DWLJXH�5HODWHG�09$
V

)DWLJXH� LV� D�ZHOO� UHFRJQLVHG� DQG� FRPPRQ� FDXVH� RI�PRWRU� YHKLFOH� DFFLGHQWV�� ,W� LV� EHOLHYHG� WR� DFFRXQW� IRU

DURXQG�����RI�IDWDO�FUDVKHV�LQ�16:�DQG�����RI�UXUDO�FUDVKHV�LQ�16:��16:�0RWRU�$FFLGHQWV�$XWKRULW\���,W
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LV�FHUWDLQO\�RQH�RI�WKH�WKUHH�FRPPRQHVW�FDXVHV�RI�PRWRU�YHKLFOH�DFFLGHQWV�DQG�WKH�HIIHFW�RI�GULYHU�IDWLJXH�KDV

EHHQ�XQGHUHVWLPDWHG�LQ�WKH�SDVW�GXH�WR�LQDGHTXDWH�UHSRUWLQJ�E\�SROLFH�DQG�UHJXODWRU\�DXWKRULWLHV�

6XUYH\V�RI�GULYHUV�LQ�16:�VKRZ�WKDW�

• ����RI�GULYHUV�UHSRUW�KDYLQJ�H[SHULHQFHG�IDWLJXH�DW�WKH�ZKHHO

• ����KDYH�SXOOHG�RYHU�ZKHQ�GULYLQJ�EHFDXVH�RI�IDWLJXH

• ���UHSRUW�KDYLQJ�KDG�D�FUDVK�GXH�WR�WKHLU�IDWLJXH

• ����UHSRUW�KDYLQJ�QHDUO\�KDG�D�FUDVK�GXH�WR�WKHLU�IDWLJXH

)DWLJXH� FUDVKHV� WHQG� WR�EH� VHYHUH�� SDUWO\� EHFDXVH� IDWLJXHG� GULYHUV� RIWHQ� IDLO� WR� EUDNH� EHIRUH� FROOLGLQJ�ZLWK

VRPHWKLQJ��,Q������

• ����RI�IDWLJXHG�GULYHUV�LQ�FUDVKHV�ZHUH����\HDUV�RI�DJH�RU�XQGHU

• ����RI�IDWLJXHG�FUDVKHV�RFFXUUHG�LQ�UXUDO�DUHDV��QRW�WRZQV��DQG�����LQ�6\GQH\

• ����RI�IDWLJXHG�GULYHUV�ZHUH�GULYLQJ�FDUV

• 'ULYHUV�RI� WUXFNV� DUH�RYHU�UHSUHVHQWHG� LQ� IDWLJXH� FUDVKHV�� IRU� H[DPSOH�� VWXGLHV� LQGLFDWH� DURXQG�����RI

IDWDO�KHDY\�YHKLFOH�FUDVKHV�LQYROYH�IDWLJXH

• -XVW�RYHU�RQH�WKLUG�RI�IDWLJXH�UHODWHG�DFFLGHQWV�RFFXUUHG�RQ�ZRUN�WULSV��RQH�LQ�IRXU�ZHUH�KROLGD\�WULSV�DQG

WKH�UHPDLQGHU�ZHUH�IRU�VRFLDO�UHDVRQV

16:�57$�UHVHDUFK�VKRZV�WKDW�����RI�IDWLJXH�FUDVKHV�RU�QHDU�FUDVKHV�RFFXUUHG�ZKHQ�GULYHUV�KDG�GULYHQ�IRU

OHVV�WKDQ���KRXUV��RIWHQ�RQ�HYHU\GD\�WULSV�QHDU�KRPHV��ZKHUH�PRVW�GULYLQJ�LV�GRQH��1HYHUWKHOHVV��ORQJ�SHULRGV

RI�GULYLQJ�DUH�IDWLJXLQJ�LQ�WKHPVHOYHV��SODFLQJ�GULYHUV�DW�ULVN�HYHQ�LI�WKH\�ZHUH�QRW�WLUHG�ZKHQ�WKH\�VWDUWHG�WKH

WULS�� 7KH� IDWLJXLQJ� HIIHFWV� RI� ORQJ� KRXUV� RI� GULYLQJ� DUH� RIWHQ� FRPELQHG�� RYHU� WKH� OHQJWK� RI� WKH� WULS�� ZLWK

FLUFDGLDQ��WLPH�RI�GD\��SURSHQVLW\�WR�IDOO�DVOHHS��VLHVWD�HIIHFW���PRQRWRQ\�DQG�ORVV�RI�VOHHS� LI� WKH�GULYHU�KDV

EHHQ�DZDNH�IRU�D�ORQJ�WLPH��7KH�WLPH�RI�GD\�ZKHQ�GULYLQJ�LV�KDSSHQLQJ�LV�DQ�LPSRUWDQW�FRQWULEXWRU�WR�IDWLJXH

ZLWK� ODWH� DW�QLJKW� DQG�HDUO\�PRUQLQJ�EHLQJ� WKH�ZRUVW� WLPHV�� IRU� H[DPSOH�����RI� � IDWLJXH� FUDVKHV�RFFXUUHG
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EHWZHHQ���SP�DQG��DP��5HVHDUFK�VKRZV�WKDW�DOPRVW�KDOI�RI�WKH�GULYHUV�ZKR�KDG�D�IDWLJXH�FUDVK�RU�QHDU�FUDVK

VDLG�WKH\�KDG�QRW�KDG�D�IXOO�QLJKW·V�VOHHS�WKH�QLJKW�EHIRUH�

,QWHUQDWLRQDO�IDWLJXH�09$�GDWD�LQGLFDWH�WKDW

• ����RI�)LQQV�UHSRUW�KDYLQJ�IDOOHQ�DVOHHS�GULYLQJ������$FWD�1HXURO�6FDQG����������������

• ����RI�86�GULYHUV�UHSRUW�KDYLQJ�IDOOHQ�DVOHHS�DW�WKH�ZKHHO������86$�%HWWHU�6OHHS�&RXQFLO�-XO\�����

• ����RI�86�IDWDO�DFFLGHQWV�DUH�VLQJOH�YHKLFOH�QRW�LQYROYLQJ�DOFRKRO

• ������RI�IDWDO�FUDVKHV�LQ�WKH�86$�´VLQJOH�YHKLFOH�URDGZD\�GHSDUWXUHV�

• LQ�����RI�VLQJOH�YHKLFOH�GHSDUWXUH�FUDVKHV�QR�HYDVLYH�DFWLRQ�ZDV�WDNHQ

)DWLJXH�UHODWHG�DFFLGHQWV�DUH�DOVR�PRUH�OLNHO\�WR�EH�IDWDO��7KH�1+76$�KDV�IRXQG�WKDW���������SHU�FHQW�RI�DOO

86� WUXFN� DFFLGHQWV� DUH� IDWLJXH� UHODWHG��2IWHQ� LW� LV� GLIILFXOW� WR� VHSDUDWH�RXW� WKH� HIIHFWV� RI� IDWLJXH� DQG�RWKHU

SRWHQWLDO�FDXVHV��)RU�H[DPSOH��WKH�HIIHFWV�RI�IDWLJXH�DQG�VHGDWLQJ�GUXJV�PD\�EH�DGGLWLYH� LQ� LPSDLULQJ�GULYHU

SHUIRUPDQFH��6LPLODUO\�LQDWWHQWLRQ�DQG�VOHHSLQHVV�DVVRFLDWHG�ZLWK�IDWLJXH�PD\�EH�DGGLWLYH�WR�WKH�DFFLGHQW�ULVN

DVVRFLDWHG�ZLWK�VSHHGLQJ��7KHUH�LV�DOVR�HYLGHQFH�WKDW�VOHHS�GHSULYDWLRQ�PD\�LQFUHDVH�ULVN�WDNLQJ�EHKDYLRXU��$

QXPEHU�RI�SDSHUV�KDYH�VKRZQ�WKDW�GLVRUGHUV�ZKLFK�FDXVH�H[FHVVLYH�IDWLJXH��VXFK�DV�VOHHS�DSQHD�V\QGURPH�

DUH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�DFFLGHQWV��VHH�EHORZ��

$V� SRLQWHG� RXW� DERYH�� WKH� UROH� RI� IDWLJXH� LQ� DQ\� RQH� SDUWLFXODU� DFFLGHQW� PD\� EH� FRPSOH[� DQG� PD\EH

LQWHUUHODWHG�ZLWK�RWKHU�IDFWRUV��7KH�OLNHOLKRRG�RI�IDWLJXH�UHODWHG�DFFLGHQWV�LV�DOVR�OLQNHG�WR�RWKHU�IDFWRUV�VXFK

DV�WKH�LQGLYLGXDOV�FLUFDGLDQ�UK\WKPV�RU�DFFXPXODWHG�ODFN�RI�VOHHS��)DWLJXH�UHODWHG�DFFLGHQWV�DUH�PRUH�FRPPRQ

GXULQJ�WKH�QLJKW�ZKHQ�VOHHS�GULYH�LV� LQFUHDVHG�� LUUHVSHFWLYH�RI�WKH�QXPEHU�RI�SULRU�KRXUV�VOHHS�REWDLQHG�E\

WKH�GULYHU�

7KHUH� LV� DOVR� HYLGHQFH� WKDW� DFFLGHQWV� ZLOO� LQFUHDVH�PLG�DIWHUQRRQ� ZKHQ� WKHUH� LV� D� VPDOO� SHDN� LQ� FLUFDGLDQ

SURSHQVLW\�IRU�VOHHS�RU�PRUH�PDUNHGO\�DW�QLJKW��)LJXUHV�������-XVW�ZRUNLQJ�DW�QLJKW�ZKHQ�WKH�ERG\
V�FORFN

VD\V�LW�VKRXOG�EH�VOHHSLQJ� LV�DVVRFLDWHG�ZLWK� LQFUHDVHG�ULVN�RI�DFFLGHQW��)LJXUH�����6HFRQGO\�� WKH� LQGLYLGXDOV

VWDWH�UHODWLYH�WR�H[LVWLQJ�VOHHS�GHSULYDWLRQ�RU�VOHHS�´GHEWµ�LV�DQ�LPSRUWDQW�FDXVH�RI�IDWLJXH��$V�DQ�LQGLYLGXDO

GHSULYHV�KLPVHOI�RI�VOHHS��WKHUH�LV�DQ�LQFUHDVH�LQ�WKH�GULYH�RU�´SUHVVXUHµ�IRU�VOHHS��,Q�WKLV�ZD\��VOHHS�GULYH�LV

KRPHRVWDWLF��OLNH�KXQJHU�RU�WKLUVW�H�J���LI�D�SHUVRQ�GRHV�QRW�HDW�WKH\�EHFRPH�SURJUHVVLYHO\�PRUH�KXQJU\�DQG

VLPLODU�SDWWHUQ�RI�IXQFWLRQ�UHODWHV�WR�VOHHS�
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$OWKRXJK� WKHUH� LV� D� �SUREDEO\� JHQHWLF�� LQWHU�VXEMHFW� YDULDELOLW\� LQ� WKH� HIIHFWV� RI� VOHHS� GHSULYDWLRQ� RQ

SHUIRUPDQFH�� D� SURJUHVVLYH� GHFUHPHQW� LQ� SHUIRUPDQFH� DQG� LQFUHDVHG� OLNHOLKRRG� LQ� IDOOLQJ� DVOHHS� ZLWK

SURJUHVVLYH�KRXUV�RI�VOHHS�GHSULYDWLRQ�H[LVWV�LQ�DOO�LQGLYLGXDOV��*HQHUDOO\��WKH�GHJUHH�RI�VOHHS�SURSHQVLW\�DQG

OLNHOLKRRG�WR�IDOO�DVOHHS�ZKLOVW�GULYLQJ� LV�D�FRPELQDWLRQ�RI� LPPHGLDWH�VOHHS�GHSULYDWLRQ��SDVW����KRXUV��DQG

DFFXPXODWHG�VOHHS�GHSULYDWLRQ��RYHU�SUHFHGLQJ�ZHHN�RU�ZHHNV���,PPHGLDWH�VOHHS�GHSULYDWLRQ�LV�PRUH�FUXFLDO

EXW�FDQ�EH�FRPSURPLVHG�IXUWKHU�E\�DFFXPXODWHG�VOHHS�ORVV�RYHU�WKH�SUHYLRXV�ZHHN�RU�ZHHNV�

%��&20%,1('�())(&76�2)�)$7,*8(�$1'�$/&2+2/�21�02725,676

�,�IHHO�VRUU\�IRU�SHRSOH�ZKR�GRQ
W�GULQN��:KHQ�WKH\ZDNH�XS�WKDW
V�WKH�EHVW�WKH\�DUH�JRLQJ�WR�IHHO�DOO�GD\�

)UDQFLV�$OEHUW�6LQDWUD

7KLV� LVVXH�KDV�EHHQ� DGGUHVVHG�E\� D�QXPEHU�RI� UHVHDUFKHUV�RYHU� WKH� SDVW� ��� WR� ��� \HDUV��$OFRKRO� KDV�ZHOO

NQRZQ� HIIHFWV� RQ� YLJLODQFH� DQG� DWWHQWLRQ� DQG� WKHUH� LV� QRZ� VWURQJ� HYLGHQFH� LQGLFDWLQJ� WKDW� WKH� YLJLODQFH

LPSDLULQJ�HIIHFWV�RI�DOFRKRO�DUH�H[DFHUEDWHG�E\�VOHHS�ORVV�

$OFRKRO� DQG� VOHHS� ORVV� LQWHUDFW� WR� SURGXFH� GHFUHPHQWV� LQ� SHUIRUPDQFH�� 7KLV� LQWHUDFWLRQ� DSSHDUV� WR� EH

DGGLWLYH�� ,QFUHDVHG� EDVDO� OHYHOV� RI� VOHHSLQHVV� HQKDQFH� DOFRKRO·V� VHGDWLYH� HIIHFWV� IRU� HYHQ�PRGHUDWH� DOFRKRO

GRVHV�� 7KH� FRUROODU\� LV� DOVR� WUXH� �� H[WHQGHG� VOHHS� SHULRGV� DWWHQXDWH� WKH� VHGDWLQJ� HIIHFWV� RI� DOFRKRO��2WKHU

VWXGLHV�KDYH�VKRZQ�WKDW�LQ�WKH�QRUPDO�SHULRG�RI�FLUFDGLDQ�SURSHQVLW\�WR�VOHHS�LQ�WKH�DIWHUQRRQ��VLHVWD�SHULRG��

DOFRKRO�SURGXFHUV�JUHDWHU�LPSDLUPHQW�LQ�SHUIRUPDQFH�WKDQ�FRUUHVSRQGLQJ�DOFRKRO�OHYHOV�WHVWHG�LQ�WKH�HYHQLQJ�

7KHVH�VWXGLHV�VXJJHVW�DJDLQ�WKDW�DOFRKRO
V�HIIHFWV�DUH�SRWHQWLDWHG�DW�WLPHV�RI�LQFUHDVHG�SURSHQVLW\�WR�IDOO�DVOHHS

VXFK�DV�PLG�DIWHUQRRQ�DQG�GXULQJ�WKH�W\SLFDO�QRFWXUQDO�VOHHS�SHULRG�

,Q�DQ�LPSRUWDQW�VWXG\��KLJKO\�UHOHYDQW�WR�WKLV�SDUWLFXODU�FDVH��:DOVK�HW�DO�VWXGLHG�WKH�VHGDWLYH�HIIHFW�RI����JP

SHU�NLORJUDP�RI������DOFRKRO� LQJHVWHG�DW�����SP��7KLV� HIIHFW�ZDV�FRPSDUHG�ZLWK�SODFHER��7KLV�PRGHUDWH

GRVH�RI�DOFRKRO�VLJQLILFDQWO\�LQFUHDVHG�SK\VLRORJLFDO�VOHHSLQHVV�LQ�HDUO\�PRUQLQJ�KRXUV�HYHQ�LQ�LQGLYLGXDOV�WKDW

DUH�UHODWLYHO\�DOHUW�DW�WKHVH�WLPHV�LH�LQGLYLGXDOV�ZKR�QRUPDOO\�ZDNH�XS�HDUO\�DQG�SHUIRUP�ZHOO�LQ�WKH�PRUQLQJ�

,Q�DQRWKHU�VWXG\�E\�+RUQH�HW�DO���������\RXQJ�ZRPHQ�ZLWK�EORRG�DOFRKRO�FRQFHQWUDWLRQV�ZLWKLQ�WKH�8QLWHG

.LQJGRP� OHJDO� GULYLQJ�PD[LPXP�XQGHUZHQW� D� ���PLQXWH�PRQRWRQRXV�PRWRUZD\� GULYLQJ� WDVN� LQ� WKH� HDUO\

DIWHUQRRQ� �LQFUHDVHG� VOHHS�SURSHQVLW\� WLPH�� DQG� WKHVH� UHVXOWV�ZHUH� FRPSDUHG�ZLWK� D� �SP�GULYH� �ORZ� VOHHS
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SURSHQVLW\�WLPH���$OFRKRO�VLJQLILFDQWO\�DIIHFWHG�SHUIRUPDQFH�RQ�WKLV�WDVN�HVSHFLDOO\�GXULQJ�WKH�HDUO\�DIWHUQRRQ

�LQFUHDVHG�VOHHS�SURSHQVLW\�WLPH��

,Q�DQRWKHU�VWXG\��5RHKUV�HW�DO���������PHQ�ZHUH�DOO�DVVHVVHG�LQ�HDFK�RI���H[SHULPHQWDO�FRQGLWLRQV����KRXU�WLPH

LQ�EHG�DQG�SODFHER����KRXU�WLPH�LQ�EHG�DQG�SODFHER����KRXU�WLPH�LQ�EHG�DQG�DOFRKRO�DQG���KRXU�WLPH�LQ�EHG

DQG� DOFRKRO�� ,Q� PRUQLQJ� WHVWLQJ� ZLWK� EUHDWK� DOFRKRO� FRQFHQWUDWLRQV� OHVV� WKDQ� ������� VOHHSLQHVV� ZDV� VWLOO

LQFUHDVHG�� 'LYLGHG� DWWHQWLRQ� WDVN� UHDFWLRQ� WLPHV� ZHUH� LQFUHDVHG� DQG� VLPXODWHG� GULYLQJ� SHUIRUPDQFH� ZDV

JUHDWO\� GLVWXUEHG� ZLWK� UHGXFHG� VOHHS� WLPHV� UHODWLYH� WR� SODFHER�� ,Q� WKH� DIWHUQRRQV� ZLWK� HYHQ� ORZHU� EORRG

DOFRKRO� OHYHOV� RI� �������� WKH� FRPELQDWLRQ� RI� DOFRKRO� DQG� �� KRXU� WLPH� LQ� EHG� LQFUHDVHG� VOHHSLQHVV� DQG

GLVUXSWHG�SHUIRUPDQFH�RQ�GLYLGHG�DWWHQWLRQ�DQG�VLPXODWHG�GULYLQJ�SHUIRUPDQFH��7KHVH�UHVXOWV�LQGLFDWHG�WKDW

VOHHSLQHVV�DQG� ORZ�GRVH�DOFRKRO�FRPELQH� WR� LPSDLU� VLPXODWHG�FDU�GULYLQJ�DQG� WKDW� WKLV� LPSDLUPHQW�H[WHQGV

EH\RQG�WKH�SRLQW�ZKLFK�EORRG�DOFRKRO�FRQFHQWUDWLRQV�UHDFK�YHU\�ORZ�OHYHOV��7KLV�GDWD�SURYLGHV�H[SODQDWLRQ

IRU�WKH�LQFLGHQFH�RI�DOFRKRO�UHODWHG�PRWRU�YHKLFOH�DFFLGHQWV�DW�ORZ�EORRG�DOFRKRO�OHYHOV�

,Q� D� PDMRU� UHYLHZ� RI� WKH� HIIHFWV� RI� DOFRKRO� RQ� YLJLODQFH�� .RHOHJD� �HW� DO� ������ H[WHQVLYHO\� UHYLHZHG� WKH

OLWHUDWXUH� LQ� WKLV�DUHD�H[DPLQLQJ���� VWXGLHV�RI�ZKLFK�FRPSDUHG�HIIHFWV�RI� DOFRKRO� DQG�SODFHER�RQ�YLJLODQFH

WDVNV�� 7KHVH� VWXGLHV� VKRZHG� WKDW� WKH� PDLQ� HIIHFW� RI� PRGHUDWH� GRVHV� RI� DOFRKRO� LV� RQ� DWWHQWLRQ� DQG

LQIRUPDWLRQ� SURFHVVLQJ�� 7KH� FDSDFLW\� WR� GLYLGH� DQG� VXVWDLQ� DWWHQWLRQ� LV� DOUHDG\� LPSDLUHG� DW� EORRG� DOFRKRO

OHYHOV� RI� ����� WR� �������(IIHFWV� RI� DOFRKRO� DSSHDU� WR� VRPH� H[WHQW� WR� EH� WLPH� GHSHQGDQW� DQG� DUH� JUHDWHVW

GXULQJ�SHULRGV�RI� VOHHSLQHVV� �WKH� HDUO\� DIWHUQRRQ� DQG� DIWHU�PLGQLJKW���7KLV� DXWKRU� VWDWHG� WKDW� RQ� HYLGHQFH

IURP�WKH�OLWHUDWXUH�RQ�SHUIRUPDQFH�WKH�EORRG�DOFRKRO�VWDQGDUG�IRU�GULYLQJ�VKRXOG�EH� ORZHUHG�WR�������IRU

GULYLQJ�DIWHU�PLGQLJKW� DQG� VSHFLDO� ULVN�JURXSV� � � �� \RXQJ�DQG� OHVV� H[SHULHQFHG�GULYHUV��� ,QWHUHVWLQJO\�� UHFHQW

GDWD�IURP�1HZ�0H[LFR�VKRZHG�WKDW�D�SHUFHQWDJH�RI�DOFRKRO�UHODWHG�IDWDO�FUDVKHV�LQFUHDVHV�VLJQLILFDQWO\�GXULQJ

WKH�ILUVW���GD\V�DIWHU�FKDQJHV� LQ�GD\OLJKW�VDYLQJV�WLPHV�ZKLFK�ZRXOG�SURYLGH�IXUWKHU�VXSSRUW�RXWVLGH�RI� WKH

H[SHULPHQWDO�FRQWH[W�IRU�D�OLQN�EHWZHHQ�VOHHS�ORVV�DQG�DOFRKRO�

,Q� VXPPDU\�� WKH� HIIHFWV� RI� DOFRKRO� DQG� VOHHSLQHVV�IDWLJXH� DUH� DGGLWLYH��$OFRKRO� SURPRWHV� VOHHS� RQVHW� DQG

SRWHQWLDWHV� WKH� SHUIRUPDQFH� GHFUHPHQW� DVVRFLDWHG�ZLWK� VOHHS� ORVV�� 6OHHS� ORVV� SRWHQWLDWHV� WKH� SHUIRUPDQFH

GHFUHPHQW�DVVRFLDWHG�ZLWK�FRQVXPSWLRQ�RI�HYHQ�PRGHUDWH�DPRXQWV�RI�DOFRKRO�

&��6('$7,1*�0(',&$7,216

'UXJV�DFWLQJ�RQ� WKH�FHQWUDO�QHUYRXV�V\VWHP�PD\� OHDG� WR�GURZVLQHVV� DQG� LQFUHDVHG� UHDFWLRQ� WLPHV�DQG� WKXV

HIIHFW� GULYLQJ� SHUIRUPDQFH�� ,Q� HOGHUO\� SHRSOH�� EHQ]RGLD]HSLQHV� DQG� WULF\FOLF� DQWL�GHSUHVVDQWV� KDYH� EHHQ
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DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVNV�RI�URDG�WUDIILF�DFFLGHQWV�FDXVLQJ�LQMXU\��,Q�D������UHSRUW�FRPPLVVLRQHG�E\�WKH

(XURSHDQ�&RPPXQLW\�'LUHFWRUDWH�RQ�7UDQVSRUW� VXJJHVWHG� WKDW� DW� OHDVW� ����RI�SHRSOH�NLOOHG�RU� LQMXUHG� LQ

URDG�WUDIILF�DFFLGHQWV�ZHUH� WDNLQJ�VRPH�VHGDWLYH�K\SQRWLF�PHGLFDWLRQ�ZKLFK�FRXOG�KDYH�FRQWULEXWHG�WR� WKH

DFFLGHQW��5HFHQWO\��%DUERQH�DQG�FROOHDJXHV���������IRXQG�WKDW����RI�6FRWWLVK�GULYHUV�LQ�D�ILUVW�HYHU�FUDVK�ZHUH

FXUUHQW�XVHUV�RI�EHQ]RGLD]HSLQH�K\SQRWLFV��$SSHQGL[�)���7KH\�IRXQG�FOHDUO\�WKDW�ULVN�RI�K\SQRWLF�VHGDWLYH

GUXJV�RQ�FUDVK�UDWHV�ZHUH�DOVR�SUHVHQW�LQ�\RXQJ�GULYHUV��7KH\�FRQFOXGHG�WKDW�XVHUV�RI�VRPH�VHGDWLYH�K\SQRWLF

GUXJV� �ORQJHU� KDOI� OLIH� EHQ]RGLD]HSLQHV� DQG� ]RSOLFORQH�� VKRXOG� QRW� GULYH��2WKHU� GDWD� LQGLFDWH� WKDW� FHUWDLQ

QHZHU� K\SQRWLF� DJHQWV� VXFK� DV� ]ROSLGHP� DQG� ]DOHSORQ� KDYH� OHVV� HIIHFWV� RQ� GD\WLPH� SHUIRUPDQFH� DQG

LPSURYHG�SHUIRUPDQFH� RQ� GULYLQJ� VLPXODWRUV� WKDQ� EHQ]RGLD]HSLQHV�� ,W�PXVW� DOVR� EH� UHFRJQLVHG� WKDW�PDQ\

LQGLYLGXDOV�XVLQJ�VHGDWLYH�K\SQRWLFV�ZLOO�KDYH�LQVRPQLD�OHDGLQJ�WR�VOHHS�ORVV�PDJQLI\LQJ�WKH�IDWLJXH�SURGXFLQJ

HIIHFWV� RI� WKHLU� GUXJV�� 2EYLRXVO\� WKH� FRPELQDWLRQ� RI� VOHHS� ORVV�� VHGDWLYH�K\SQRWLF� GUXJV� ZLWK� DOFRKRO� LV

GDQJHURXV�FRPELQDWLRQ�IRU�SURGXFLQJ�VOHHSLQHVV�DQG�IDWLJXH�

'��1$5&2/(36<

1DUFROHSV\�LV�D�FRQGLWLRQ�RI�LQFUHDVHG�VOHHS�GULYH�ZKLFK�SUREDEO\�HIIHFWV�DW�OHDVW��������$XVWUDOLDQV��$�ODUJHU

SHUFHQWDJH�RI� WKH�SRSXODWLRQ�KDV� YDULDQWV� RI� WKLV� FRQGLWLRQ� VXFK� DV� LGLRSDWKLF� K\SHUVRPQROHQFH�� 6XIIHUHUV

IURP�WKHVH�FRQGLWLRQV�KDYH�D�PDUNHGO\�LQFUHDVHG�SURSHQVLW\�WR�IDOO�DVOHHS�GXULQJ�WKH�GD\�

7KHUH�DUH�FOHDU�JXLGHOLQHV�SURKLELWLQJ�GULYLQJ�E\�SDWLHQWV�ZLWK�QDUFROHSV\�XQOHVV�WKHLU�FRQGLWLRQ�LV�WUHDWHG�E\

VWLPXODQW�PHGLFDWLRQ��8QIRUWXQDWHO\�IRU�VRPH��VWLPXODQW�PHGLFDWLRQ��GH[DPSKHWDPLQH�DQG�PHWK\SKHQLGDWH

�5LWDOLQ��FDXVHV�XQDFFHSWDEOH�VLGH�HIIHFWV��,Q�WKHVH�SDWLHQWV���WKH�QHZ�QRQ�VWLPXODWLQJ�ZDNHIXOQHVV�SURPRWHU�

PRGDILQLO��VHH�EHORZ��LV�DYDLODEOH�

(��6/((3�$312($���$�5(9(56,%/(�&$86(�2)�)$7,*8(

�/DXJK�DQG�WKH�ZKROH�ZRUOG�ODXJKV�ZLWK�\RX��6QRUH�DQG�\RX�VQRUH�DORQH�

$QWKRQ\�%XUJHVV��%ULWLVK�DXWKRU

$UHYLHZ�RI�VOHHS�DSQHD�IRU�JHQHUDO�SUDFWLWLRQHUV�LV�LQFOXGHG�LQ�$SSHQGL[�/�

L��:KDW�LV�VOHHS�DSQRHD"
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6OHHS�DSQRHD�HQFRPSDVVHV�D�VSHFWUXP�RI�FRQGLWLRQV� OLQNHG�E\�WKH� ORVV�RI�D�QRUPDO�SDWWHUQ�RI�EUHDWKLQJ� LQ

VOHHS�RU� LQ�SDUWLFXODU� VWDJHV�RI� VOHHS��$W�RQH�HQG�RI� WKH�VSHFWUXP�DUH� LQGLYLGXDOV�ZKR�VQRUH� �SHUKDSV�RQO\

LQWHUPLWWHQWO\�� DQG� KDYH� QR� GLVUXSWLRQ� RI� VOHHS�� VR� FDOOHG� �VLPSOH� VQRUHUV��� 7KH� WUXH� FOLQLFDO� UDQJH� RI� WKH

VSHFWUXP�LQFOXGHV� LQGLYLGXDOV�ZKR�VQRUH�KHDYLO\�GLVUXSWLQJ� WKHLU�RZQ�VOHHS�WR�SDWLHQWV�ZKR� OLWHUDOO\�FDQQRW

EUHDWKH�DQG�VOHHS�DW�WKH�VDPH�WLPH�

2EVWUXFWLYH�VOHHS�DSQRHD��VOHHS�DSQRHD�� LV� WKH�PRVW�FRPPRQ�SDUW�RI� WKH�VSHFWUXP�DQG� LV�FKDUDFWHULVHG�E\

UHSHWLWLYH�SDXVHV�LQ�DLUIORZ�GXULQJ�VOHHS��DSQRHD���VHFRQGDU\�WR�FROODSVH�RI�WKH�XSSHU�DLUZD\�DW�WKH�OHYHO�RI�WKH

WKURDW���'XULQJ�DSQRHDV��IXWLOH�UHVSLUDWRU\�HIIRUWV�RFFXU�DQG�WKH�ODFN�RI�DLU�HQWU\�LQWR�WKH�OXQJV�UHVXOWV�LQ�ODFN

RI�R[\JHQ�LQ�WKH�ERG\��(YHQWXDOO\�DQ�DSQRHD�LV�WHUPLQDWHG�E\��EULHI�DZDNHQLQJ��,Q�WKH�W\SLFDO�SDWLHQW��DIWHU�D

IHZ�GHHS�EUHDWKV��RIWHQ�ORXG�VQRUHV����WKH�F\FOH�RI�HYHQWV�LV�UHSHDWHG�DV�RIWHQ�DV����������WLPHV�SHU�QLJKW��$V

D�UHVXOW�RI�UHFXUUHQW�DZDNHQLQJV��VOHHS�LV�GUDPDWLFDOO\�IUDJPHQWHG�ZLWK�ORVV�RI�QRUPDO�VOHHS�SDWWHUQ���7KLV��LQ

WXUQ�� UHVXOWV� LQ� ORVV� RI� YLJLODQFH� RU� HYHQ� VHYHUH� � VOHHSLQHVV� GXULQJ� WKH� GD\�� 2IWHQ� WKH� VXIIHUHU� LV� WRWDOO\

REOLYLRXV�WR�WKH�EUHDWKLQJ�SUREOHP�DQG�LV�MXVW�DZDUH�RI�GD\WLPH�VOHHSLQHVV�DQG�IDWLJXH�

LL��:K\�'R�3HRSOH�6QRUH�$QG�6WRS�%UHDWKLQJ�"

6QRULQJ�RFFXUV�GXULQJ�VOHHS�ZKHQ�WKH�WKURDW�QDUURZV�OHDGLQJ�WR�WXUEXOHQW�DLUIORZ�DQG�YLEUDWLRQ�RI�WKH�SDODWH

DQG� DGMDFHQW� XSSHU� DLUZD\� WLVVXHV��$SQHD�RFFXUV�ZKHQ� WKH� DLUZD\� DOPRVW� RU� FRPSOHWHO\� FORVHV� UHVXOWLQJ� LQ

FHVVDWLRQ�RI�DLUIORZ��0RVW�SHRSOH�ZKR�VQRUH�DQG�KDYH� VOHHS�DSQHD�DOVR�KDYH�D�QDUURZ�XSSHU�DLUZD\� VSDFH

DZDNH�

LLL��+RZ�&RPPRQ�LV�6OHHS�$SQRHD"

0RVW�PLGGOH�DJHG�PHQ�VQRUH��,Q�RXU�UHVHDUFK�LQ�%XVVHOWRQ��:HVWHUQ�$XVWUDOLD��VQRULQJ��PHDVXUHG�E\�D

PLFURSKRQH��RFFXUUHG�LQ�����RI�PLGGOH�DJHG�PHQ�DQG�����RI�ZRPHQ��6WXGLHV�LQ�:LVFRQVLQ��86$�DQG�DOVR

%XVVHOWRQ�KDYH�VKRZQ�WKDW�����RI�ZRPHQ�DQG�����RI�PHQ�VWRS�EUHDWKLQJ�PRUH�WKDQ���DSQRHDV�SHU�KRXU�RI

VOHHS��)LJXUH�����6OHHS�DSQHD�LV�SURJUHVVLYH�RYHU�D���\HDU�SHULRG���PDQ\�ZLWK�WKRVH�ZLWK�OHVV�WKDQ����DSQHDV

SHU�KRXU�RI�VOHHS�DW�ILUVW�GLDJQRVLV�ZLOO�EHFRPH�PXFK�PRUH�VHYHUH�RYHU�D���\HDU�IROORZ�XS�SHULRG���)LJXUH����

5LVN�IDFWRUV�IRU�LQFUHDVHG�SUHYDOHQFH�RI�VOHHS�DSQRHD�LQFOXGH��

• 2EHVLW\�����SDUWLFXODUO\�IDW�GHSRVLWLRQ�DURXQG�WKH�QHFN���FROODU�VL]HV�!���FP�W\SLFDOO\��DQG�DEGRPHQ��VR

FDOOHG�´FHQWUDO�REHVLW\µ�� �7KH�ULVN�RI� VOHHS�DSQHD� LQ�D�SHUVRQ�ZLWK�D�ZHLJKW�!������ LGHDO� LV�DERXW�����
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WLPHV�WKDW�RI�D�SHUVRQ�RI�LGHDO�ERG\�ZHLJKW�

• )DPLOLDO�*HQHWLF�6OHHS�DSQRHD�DJJUHJDWHV�LQ�IDPLOLHV��7KH�ULVN�RI�KDYLQJ�VOHHS�DSQRHD�ULVHV�SURJUHVVLYHO\

ZLWK�LQFUHDVLQJ�QXPEHUV�RI�DIIHFWHG�UHODWLYHV��WKLV�ULVN�LV�LQGHSHQGHQW�RI�DJH�DQG��REHVLW\��,W�LV�SRVVLEOH�WR

EH�WKLQ�DQG�KDYH�VHYHUH�VOHHS�DSQHD�LI�WKHUH�LV�D�VWURQJ�IDPLO\�KLVWRU\�RI�VOHHS�DSQHD�

 

• $JH� � � 6OHHS� DSQRHD� LQFUHDVHV� LQ� SUHYDOHQFH� ZLWK� DJH� DQG� LV� FRPPRQO\� UHFRJQLVHG� LQ� WKH� �WK� WR� �WK

GHFDGHV��+LJK�UDWHV�RI�VOHHS�DSQRHD�DUH� UHFRJQLVHG� LQ� WKH�DJHG�QXUVLQJ�KRPH�SRSXODWLRQ�� �6RPH�RI� WKH

LQFUHDVH�LQ�SUHYDOHQFH�ZLWK�DJH�LV�GXH�WR�LQFUHDVHG�FHQWUDO�IDW�GHSRVLWLRQ�ZLWK�DJH��7KHUH�DUH�YHU\�OLPLWHG

GDWD�RQ�WKH�SUHYDOHQFH�RI�VOHHS�DSQRHD�LQ�FKLOGUHQ�EXW�VWXGLHV�IURP�,FHODQG�VXJJHVW������RI�FKLOGUHQ�KDYH

FOLQLFDOO\�VLJQLILFDQW�VOHHS�DSQRHD�

• *HQGHU���6OHHS�DSQRHD�LV�PRUH�FRPPRQ�LQ�PHQ�ZLWK�D�PDOH�IHPDOH�FORVH�WR�������

 

• 5DFH 7KHUH� LV� VRPH� HYLGHQFH� WKDW� \RXQJ� $IULFDQ�$PHULFDQV� KDYH� D� KLJKHU� SUHYDOHQFH� RI� VOHHS

DSQRHD�LQGHSHQGHQW�RI�REHVLW\�DQG�OLIHVW\OH�IDFWRUV��,Q�$XVWUDOLD��ZH�KDYH�QR�GDWD�RQ�$ERULJLQHV�EXW�LW�LV

FHUWDLQO\� DVVRFLDWHG� ZLWK� FHQWUDO� REHVLW\� LQ� WKLV� UDFLDO� JURXS�� 7KHUH� DSSHDUV� WR� EH� D� KLJK� UDWH� RI� VOHHS

DSQRHD�DQG�0H[LFDQ�$PHULFDQV�SRVVLEO\�GXH�WR�REHVLW\��7KLV�LV�DOVR�WKH�OLNHO\�H[SODQDWLRQ�IRU�KLJK�UDWHV�RI

VOHHS�DSQRHD�LQ�XUEDQLVHG�3RO\QHVLDQV��LQ�+DZDLL��:HVWHUQ�6DPRD�DQG�1HZ�=HDODQG�

• 7REDFFR�$OFRKRO�8VH $FXWH� DOFRKRO� LQJHVWLRQ� SURPRWHV� DSQRHD� GHYHORSPHQW� GXULQJ� ODWHU� VOHHS�

6RPH�VWXGLHV�KDYH�VXJJHVWHG�WKDW�OLIHWLPH�DOFRKRO�FRQVXPSWLRQ�PD\�EH�D�ULVN�IDFWRU�IRU�WKH�GHYHORSPHQW

RI�VOHHS�DSQRHD��SDUWLFXODUO\�LI�DFFRPSDQLHG�E\�UHVSLUDWRU\�IDLOXUH��2WKHU�VWXGLHV�KDYH�IDLOHG�WR�ILQG�D�OLQN

EHWZHHQ�OLIHWLPH�DOFRKRO�FRQVXPSWLRQ�DQG�VOHHS�DSQRHD��'DWD�IURP�WKH�:LVFRQVLQ�6OHHS�&RKRUW�VXJJHVWV

WKDW�VPRNLQJ�KLVWRU\�PD\�EH�D�GRVH��GHSHQGHQW�ULVN�IDFWRU�IRU�VOHHS�DSQRHD�

• 8SSHU�$LUZD\�0RUSKRORJ\ $SDUW�IURP�REHVLW\��FRQGLWLRQV�FDXVLQJ�QDUURZLQJ�RI�WKH�XSSHU�DLUZD\

ZLOO� SURPRWH� WKH� GHYHORSPHQW� RI� VOHHS� DSQRHD�� 7KHVH� LQFOXGH� IL[HG� XSSHU� DLUZD\� OHVLRQV� �H�J�� QDVDO

REVWUXFWLRQ�� HQODUJHG� WRQVLOV��� ELJ� WRQJXH� �DFURPHJDO\�� DP\ORLG�� K\SRWK\URLGLVP�� RU� QHXURORJLFDO

FRQGLWLRQV�LPSDLULQJ�XSSHU�DLUZD\�PXVFOH�WRQH�
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LY��6FUHHQLQJ�IRU�6OHHS�$SQHD

´LI�VRPHERG\�KDV�D�EDG�KHDUW��WKH\�FDQ�SOXJ�WKLV�MDFN�LQ�DW�QLJKW�DV�WKH\�JR�WR�EHG�DQG�LW�ZLOO�PRQLWRU�WKHLU�KHDUW�WKURXJKRXW�WKH

QLJKW��$QG�WKH�QH[W�PRUQLQJ�ZKHQ�WKH\�ZDNH�XS�GHDG���WKHUH�ZLOO�EH�D�UHFRUGµ

0DUN�6��)RZOHU��86�)&&�&KDLUPDQ��:DVKLQJWRQ�'&

TXRWHG�LQ�WKH�ERRN�´7KH�����6WXSLGHVW�7KLQJV�(YHU�6DLGµ

0HGLFDUH�EHQHILWV�DUH�SD\DEOH�E\� WKH�+HDOWK�,QVXUDQFH�&RPPLVVLRQ� IRU� LQYHVWLJDWLRQ�RI� VOHHS�DSQHD�ZKHUH

FOLQLFDOO\�DSSURSULDWH��0HGLFDUH�JHQHUDOO\�GRHV�QRW�SD\�IRU�VFUHHQLQJ�LQYHVWLJDWLRQV�L�H��RFFXSDWLRQDO�VFUHHQLQJ

IRU�VOHHS�DSQHD�ZRXOG�QRW�DWWUDFW�0HGLFDUH�SD\PHQWV�

7KHUH�DUH�VHYHUDO� OHYHOV�RI�VFUHHQLQJ�D�SRSXODWLRQ�IRU�VOHHS�DSQHD��)LUVWO\�� WDUJHWHG�TXHVWLRQQDLUHV�PD\�EH

XVHG�EXW�VXIIHU�IURP�VXEMHFWLYLW\��$�SHUVRQ�ZLWKRXW�D�EHG�SDUWQHU�PD\�QRW�EH�DZDUH�RI�V\PSWRPV�RI�VOHHS

DSQHD�DQG�HYHQ�WKRVH�ZLWK�D�EHG�SDUWQHU�VHULRXVO\�XQGHUHVWLPDWH�WKHLU�VQRULQJ��)LJXUH�����3DWLHQWV�ZLWK�VOHHS

DSQHD�DOVR�VHULRXVO\�XQGHUHVWLPDWH�WKHLU�VOHHSLQHVV�DQG�GULYLQJ�LPSDLUPHQW�SULRU�WR�WUHDWPHQW��$SSHQGL[�(��

)LQDOO\�� VRPH� GDWD� H[LVWV� VXJJHVWLQJ� WKDW� PHDVXULQJ� D� SDWLHQWV� ERG\� PDVV� PD\� SURYLGH� DV� PXFK� SUDFWLFDO

LQIRUPDWLRQ�RQ�WKH�OLNHOLKRRG�RI�VOHHS�DSQHD�DV�GR�GHWDLOHG�TXHVWLRQQDLUHV�

,Q� WKH� SDVW� ��� \HDUV�� D� QXPEHU� RI� GHYLFHV� KDYH� EHHQ� GHYHORSHG� WKDW�PHDVXUH� EUHDWKLQJ� DW� QLJKW� ZLWKRXW

VLPXOWDQHRXVO\�PHDVXULQJ�VOHHS��7KHVH�GHYLFHV�DUH�LQFUHDVLQJO\�UREXVW�DQG�GHPRQVWUDWH�FRVW�VDYLQJV�RYHU�IXOO

VOHHS�LQYHVWLJDWLRQ��7KH\�DUH�XVHIXO�IRU�VFUHHQLQJ� IRU� VOHHS�DSQHD� �EXW�FRVW�XWLOLW\�RYHU�IXOO�VOHHS�VWXGLHV�KDV�QRW

EHHQ�GHPRQVWUDWHG�IRU�LQYHVWLJDWLQJ�V\PSWRPDWLF�SDWLHQWV�ZLWK�VOHHSLQHVV�

Y��7UHDWPHQW�RI�6OHHS�$SQHD

7KH� VWDQGDUG� IRUP� RI� WUHDWPHQW� IRU� PRGHUDWH� WR� VHYHUH� VOHHS� DSQHD� LV� QDVDO� FRQWLQXRXV� SRVLWLYH� DLUZD\

SUHVVXUH� �&3$3��� 7KLV� PHWKRG� ZDV� GHYHORSHG� DW� 5R\DO� 3ULQFH� $OIUHG� +RVSLWDO� LQ� ����� E\� 6XOOLYDQ� DQG

FROOHDJXHV�DQG� LV�QRZ� WKH�PDLQ� IRUP�RI� WUHDWPHQW� IRU� WKLV� FRQGLWLRQ�ZRUOGZLGH��7KH�$XVWUDOLDQ� FRPSDQ\�

5HV0HG�ZKLFK�GHYHORSHG�DW�RI�WKLV�DQG�VXEVHTXHQW�UHVHDUFK�LV�QRZ�FDSLWDOLVH�DW�RYHU��86�����PLOOLRQ��2WKHU

IRUPV�RI�WUHDWPHQW�LQFOXGH�ZHLJKW�ORVV��XSSHU�DLUZD\�VXUJHU\��UHPRYDO�RI�VRIW�SDODWH�DQG�VXUURXQGLQJ�WLVVXHV

DQG�GHQWDO�VSOLQWV�GHVLJQHG�WR�NHHS�WKH�ORZHU�WHHWK�IRUZDUG�SUHYHQWLQJ�WKH�WRQJXH�IURP�IDOOLQJ�EDFN�GXULQJ

VOHHS�
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)��6/((3�$31($�$1'�'5,9,1*�5,6.

,Q�������LQ�D�)UHQFK�PHGLFR�OHJDO�SDSHU��WKH�ILUVW�VXJJHVWHG�OLQN�EHWZHHQ�DQ�LQFUHDVHG�ULVN�RI�WUDIILF�DFFLGHQWV

DQG�WKH�QHZO\�´GLVFRYHUHGµ�VOHHS�DSQHD�´V\QGURPHµ�ZDV�UHSRUWHG��+RZHYHU�LW�ZDV�QRW�XQWLO�WKH�PLG�����·V

WKDW�GDWD�IURP�&DQDGD�DQG�WKH�86$�FRPSDUHG�DFWXDO�DFFLGHQW�UDWHV�IURP�VWDWH�GDWDEDVHV�LQ�GULYHUV�ZLWK�DQG

ZLWKRXW�VOHHS�DSQHD��7KHVH�VWXGLHV�IRXQG�WKDW�VOHHS�DSQHD�ZDV�DVVRFLDWHG�ZLWK�D������IROG� LQFUHDVHG�ULVN�RI

09$�DQG�DV�ZHOO�SDWLHQWV�ZHUH�PRUH� OLNHO\� WR�KDYH�D�KLVWRU\�RI�PXOWLSOH�FUDVKHV��6XEVHTXHQW�H[SHULPHQWDO

ZRUN� GHPRQVWUDWHG� WKDW� VOHHS� DSQHD� SDWLHQWV� SHUIRUPHG� SRRUO\� RQ� SHUIRUPDQFH� WDVNV� UHOHYDQW� WR� GULYLQJ

�UHDFWLRQ�WLPHV��GLYLGHG�DWWHQWLRQ��

:RR�HW�DO��������H[DPLQHG�SDWLHQWV�DWWHQGLQJ�WKH�8&/$�6OHHS�'LVRUGHUV�&OLQLF�DQG�IRXQG�WKDW�SDWLHQWV�ZLWK

VOHHS�DSQHD�ZHUH���WLPHV�PRUH�OLNHO\�WKDQ�RWKHU�SDWLHQWV�RI�IDOOLQJ�DVOHHS�DW� LQDSSURSULDWH�WLPHV�DQG�KDYLQJ

KDG�D�PRWRU�YHKLFOH�DFFLGHQW�LQ�WKH�SDVW���\HDUV�

<RXQJ�DQG�FRZRUNHUV��������VWXGLHG�����HPSOR\HG�SXEOLF�VHUYDQWV�LQ�:LVFRQVLQ��7KHVH�SXEOLF�VHUYDQWV�ZHUH

HQUROOHG� LQ�D�VWXG\�RQ�WKH�SUHYDOHQFH�RI�VOHHS�DSQHD�DQG�KDG�XQGHUJRQH�VOHHS� LQYHVWLJDWLRQ��0RWRU�YHKLFOH

KLVWRU\�ZDV�REWDLQHG�IURP�D�VWDWH�ZLGH�GDWDEDVH�RI�DOO�WUDIILF�YLRODWLRQV�DQG�DFFLGHQWV�IURP������WR�������0HQ

ZLWK���RU�PRUH�DSQHDV�SHU�KRXU�RI�VOHHS�ZHUH�����WR�����WLPHV�PRUH�OLNHO\�WR�KDYH�D�PRWRU�YHKLFOH�DFFLGHQW

WKDQ�WKRVH�ZKR�GLG�QRW�KDYH�VOHHS�DSQHD��,Q�ZRPHQ��WKH�DFFLGHQW�ULVN�LQFUHDVHG�RQO\�LQ�WKRVH�ZKR�KDG�PRUH

WKDQ����DSQHDV�SHU�KRXU�RI�VOHHS��WKH�OLNHOLKRRG�RI�PHQ�DQG�ZRPHQ�ZLWK�PRUH�WKDQ����DSQHDV�SHU�KRXU�RI

VOHHS�ZHUH�����WLPHV�PRUH�OLNHO\�WR�KDYH�D�PRWRU�YHKLFOH�DFFLGHQW�WKDQ�WKRVH�ZLWK�OHVV�WKDQ���DSQHDV�SHU�KRXU

RI�VOHHS�

%DUEH�HW�DO��������FRPSDUHG����FRQVHFXWLYH�SDWLHQWV�ZLWK�VOHHS�DSQHD�DQG����DJHG�DQG�VH[�PDWFKHG�FRQWUROV�

7KH\�FRPSDUHG�VOHHSLQHVV��SHUIRUPDQFH�WHVWLQJ�DQG�DFFLGHQW�UDWHV�REWDLQHG�IURP�LQVXUDQFH�GDWD��7KLV�VWXG\

GHPRQVWUDWHG�WKDW�SDWLHQWV�KDG�����WLPHV�PRUH�ULVN�RI���RU�PRUH�DFFLGHQWV�DQG�����WLPHV�WKH�ULVN�RI�PXOWLSOH

DFFLGHQWV� LQ� VOHHS� DSQHD� SDWLHQWV� FRPSDUHG� ZLWK� FRQWUROV�� 7KHVH� UHVHDUFKHUV� ZHUH� XQDEOH� WR� ILQG� DQ

DVVRFLDWLRQ�EHWZHHQ�SHUIRUPDQFH�WHVWLQJ�RU�VOHHSLQHVV�TXHVWLRQDULHV�DQG�DFFLGHQW�ULVN�ZLWKLQ�WKH�VOHHS�DSQHD

SDWLHQWV�JURXS�

5HFHQWO\��7HUDQ�6DQWRV�DQG�FROOHDJXHV� �������FRQGXFWHG�D�FDVH�FRQWURO�VWXG\�RI� WKH� UHODWLRQ�EHWZHHQ�VOHHS

DSQHD� DQG� WKH� ULVN� RI� WUDIILF� DFFLGHQWV�� 7KH\� FRPSDUHG� ���� GULYHUV�ZKR� UHFHLYHG� HPHUJHQF\� WUHDWPHQW� DW

KRVSLWDOV� LQ�%XUJRV�RU�6DQWDQGHU��6SDLQ��DIWHU�KLJKZD\�WUDIILF�DFFLGHQWV�EHWZHHQ�$SULO�DQG�'HFHPEHU������

7KH�FRQWUROV�ZHUH�����SDWLHQWV�UDQGRPO\�VHOHFWHG�IURP�SULPDU\�FDUH�FHQWUHV�LQ�WKH�VDPH�FLWLHV�DQG�PDWFKHG

ZLWK�WKH�FDVH�SDWLHQWV�IRU�DJH�DQG�VH[��$V�FRPSDUHG�ZLWK�WKRVH�ZLWKRXW�VOHHS
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DSQHD��VXEMHFWV�ZLWK�PRUH�WKDQ����DSQHDV�SHU�KRXU�RI�VOHHS�RU�KLJKHU�KDG�DQ�RGGV�UDWLR�RI���������SHUFHQW

FRQILGHQFH� LQWHUYDO�� ���� WR� ������ IRU� KDYLQJ� D� WUDIILF� DFFLGHQW�� 7KLV� UHODWLRQ� UHPDLQHG� VLJQLILFDQW� DIWHU

DGMXVWPHQW� IRU�SRWHQWLDO� FRQIRXQGHUV�� VXFK�DV� DOFRKRO� FRQVXPSWLRQ�� YLVXDO�UHIUDFWLRQ�GLVRUGHUV��ERG\�PDVV

LQGH[��\HDUV�RI�GULYLQJ��DJH��KLVWRU\�ZLWK�UHVSHFW�WR�WUDIILF�DFFLGHQWV��XVH�RI�PHGLFDWLRQV�FDXVLQJ�GURZVLQHVV�

DQG�VOHHS�VFKHGXOH��$PRQJ�VXEMHFWV�ZLWK�PRUH�WKDQ����DSQHDV�SHU�KRXU�RI�VOHHS��WKH�ULVN�RI�DQ�DFFLGHQW�ZDV

KLJKHU�DPRQJ�WKRVH�ZKR�KDG�FRQVXPHG�DOFRKRO�RQ�WKH�GD\�RI�WKH�DFFLGHQW�WKDQ�DPRQJ�WKRVH�ZKR�KDG�QRW�

�VHH�)LJXUH�����$SSHQGLFHV�&��'�

7KHUH� LV� HYLGHQFH� WKDW� WKH� GHFUHPHQW� LQ� GULYLQJ� SHUIRUPDQFH� REVHUYHG� LQ� SDWLHQWV� ZLWK� VOHHS� DSQHD� LV

UHYHUVLEOH� ZLWK� WUHDWPHQW� RI� VOHHS� DSQHD�� &ODLPV� KDYH� EHHQ� PDGH� IRU� LPSURYLQJ� GULYLQJ� VLPXODWRU

SHUIRUPDQFH�ZLWK� XSSHU� DLUZD\� VXUJHU\� EXW� WKH� EHVW� GDWD� LV� IRU� QDVDO� FRQWLQXRXV� SRVLWLYH� DLUZD\� SUHVVXUH

WUHDWPHQW�� 8VH� RI� &3$3�� PDUNHGO\� LPSURYHG� SHUIRUPDQFH� RQ� D� &DQDGLDQ� GLYLGHG� DWWHQWLRQ� GULYLQJ� WHVW

FRPSDUHG�ZLWK�EDVHOLQH�YDOXHV�EHIRUH�WUHDWPHQW��

&DVVHO� HW� DO� ������� UHSRUWHG� WKDW� &3$3� WUHDWPHQW� UHGXFHG� WKH� DFFLGHQW� UDWH� LQ� ��� SDWLHQWV� XVLQJ� &3$3

VXFFHVVIXOO\�IRU���\HDU��7KH\�UHSRUWHG�WKH�DFFLGHQW�UDWH�UHGXFHG�IURP�����SHU��������NP�GULYHQ��XQWUHDWHG��WR

�����SHU��������NP��WUHDWHG��

)URP� WKLV� GDWD�� LW� LV� FOHDU� WKDW� SDWLHQWV� ZLWK� VOHHS� DSQHD� DUH� DW� LQFUHDVHG� ULVN� RI�PRWRU� YHKLFOH� DFFLGHQWV�

+RZHYHU�WKHUH�DUH�D�QXPEHU�RI�LPSRUWDQW�UHVHDUFK�TXHVWLRQV�XQDQVZHUHG�

1.  +RZ� FDQ� RQH� DVVHVV� DQ� LQGLYLGXDOV� DFWXDO� ULVN"� 7KHUH� LV� YDULDELOLW\� LQ� VOHHSLQHVV� DQG� GULYLQJ� EHKDYLRXU

DPRQJVW�SDWLHQWV�DQG�ZH�GR�QRW�DSSHDU�WR�KDYH�WKH�WRROV�WR�FRUUHFWO\�DVVHVV�LQGLYLGXDO�ULVN�

2.  7KHUH� LV�PRUH�GDWD� UHTXLUHG� WR� VKRZ� WKH� HIILFDF\�RI� WUHDWPHQW� LQ� UHGXFLQJ� WKH� DFFLGHQW� ULVN� ERWK� RQ� D

SRSXODWLRQ�EDVLV�DQG�RQ�VLPXODWHG�GULYLQJ��7R�WKLV�HQG��RXU�VOHHS�UHVHDUFK�JURXS�KDV�EHHQ�ZRUNLQJ�RQ�D

FRPSXWHULVHG�:LQGRZV�17�SODWIRUP�QLJKW�GULYLQJ�VLPXODWRU�WR�DVVHVV�WKLV�ULVN

3.  :KDW� LV� WKH� DGGHG� ULVN� LQ� SDWLHQWV� ZLWK� VOHHS� DSQHD� RI� DOFRKRO� DQG� VOHHS� ORVV� �VHSDUDWH� WR� WKH� VOHHS

IUDJPHQWDWLRQ�RI�VOHHS�DSQHD�"�)RU�H[DPSOH��VKRXOG�SDWLHQWV�ZLWK�GLDJQRVHG�VOHHS�DSQHD�KDYH�D�ORZHU�OHYHO

RI�GUXJ�DOFRKRO�DFFHSWDEOH�RU�VKRXOG�WKH\�EH�OLPLWHG�LQ�GLVWDQFH�GULYHQ"

4.  ,W�LV�LQWHUHVWLQJ�WKDW�LQ�SDWLHQWV�ZLWK�PLOG�VOHHS�DSQHD�DFFLGHQW�ULVN�LQ�ZRPHQ�LV�OHVV�WKDQ�WKDW�RI�PHQ�LQ

FDVHV� RI�PLOG� VOHHS� DSQHD� SRVVLEO\� WKHUH� DUH� VRPH� JHQGHU� GLIIHUHQFHV� LQ� GULYLQJ� EHKDYLRXU� ZKLFK�PD\

H[SODLQ�WKLV�ILQGLQJ�

L��'R�7UXFN�'ULYHUV�KDYH�D�KLJK�UDWH�RI�6OHHS�$SQHD�"
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7KHUH�DUH�D�QXPEHU�RI�UHDVRQV�WR�VXVSHFW�WKDW�VOHHS�DSQHD�LV�PRUH�SUHYDOHQW�LQ�WUXFN�GULYHUV�WKDQ�WKH�UHVW�RI

WKH� SRSXODWLRQV�� $� QXPEHU� RI� VXUYH\V� KDYH� VKRZQ� WKDW� WUXFN� GULYHUV� DUH�PRUH� REHVH� WKDQ� DQ� DJH�PDWFK

FRQWUROOHG�SRSXODWLRQ��0RUHRYHU�PDQ\�WUXFN�GULYHUV�DUH�LQ�WKH�KLJK�ULVN�JURXS�IRU�VOHHS�DSQHD���PLGGOH�DJHG

PDOHV��$��SUHYDOHQFH�VWXG\�LQ�D�86�WUXFNLQJ�FRPSDQ\�VKRZHG�WKDW��GHSHQGLQJ�RQ�WKH�WKUHVKROG�OHYHO�VHW��VOHHS

DSQHD�RFFXUUHG��DQ\ZKHUH�EHWZHHQ������WR�����RI�WUXFN�GULYHUV�LQ�WKH�RUJDQLVDWLRQ��)ROORZLQJ�WKLV��WKH�86

'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�SURYLGHG�IXQGV�IRU�D�SUHYDOHQFH�VWXG\�LQ�FRPPHUFLDO�GULYHU�OLFHQFH�KROGHUV�LQ

3HQQV\OYDQLD��7KLV�VWXG\�UHYHDOHG�WKDW�DW�OHDVW�����RI�FRPPHUFLDO�GULYHU�OLFHQFH�KROGHUV�KDG�VRPH�GHJUHH�RI

VOHHS� DSQHD�� WKLV� VXUYH\� FRQWDLQHG� YHU\� IHZ� ORQJ� GLVWDQFH� WUXFN� GULYHUV� DQG� KDV� EHHQ� FULWLFLVHG� IRU� VRPH

SRWHQWLDO�PHWKRGRORJLFDO��SUREOHPV�

&XUUHQWO\��ZH� DUH� LQYROYHG� LQ� D� UHVHDUFK� VWXG\� H[DPLQLQJ� WKH�SUHYDOHQFH�RI� WUXFN�GULYHUV� LQ�9LFWRULD��1HZ

6RXWK�:DOHV�DQG�4XHHQVODQG��7KLV�LV�EHLQJ�GRQH�ZLWK�WKH�IXOO�VXSSRUW�RI�WKH�7UDQVSRUW�:RUNHUV�8QLRQ�LQ�DOO

��VWDWHV�DQG�LV�XQGHU�ZD\�ZLWK�IXQGLQJ�VXSSRUW�IURP�D�QXPEHU�RI�GLIIHUHQW�VRXUFHV�

LL��+RZ�PDQ\�09$
V�DUH�FDXVHG�E\�VOHHS�DSQHD"

,Q�RUGHU�WR�HVWLPDWH�KRZ�PDQ\�09$
V�DUH�FDXVHG�E\�VOHHS�DSQHD��LW�LV�QHFHVVDU\�WR�FDOFXODWH�WKH�SRSXODWLRQ

DWWULEXWDEOH�ULVN�IRU�VOHHS�DSQHD�

7KH� 3RSXODWLRQ� $WWULEXWDEOH� 5LVN� �3�$�5��� LV� WKH� PHDVXUH� RI� WKH� H[FHVV� UDWH� RI� GLVHDVH� LQ� D� WRWDO� VWXG\

SRSXODWLRQ�ZKLFK�LV�DWWULEXWDEOH�WR�DQ�H[SRVXUH��7KLV�PHDVXUH�LV�XVHIXO�IRU�GHWHUPLQLQJ�WKH�UHODWLYH�LPSRUWDQFH

RI�H[SRVXUHV�IRU�WKH�HQWLUH�SRSXODWLRQ�DQG�LV�WKH�SURSRUWLRQ�E\�ZKLFK�WKH�LQFLGHQFH�UDWH�RI�WKH�RXWFRPH�LQ�WKH

HQWLUH�SRSXODWLRQ�ZRXOG�EH�UHGXFHG�LI�H[SRVXUH�ZHUH�HOLPLQDWHG�

,Q�WKLV�FDOFXODWLRQ��WKH�3RSXODWLRQ�$WWULEXWDEOH�5LVN�LV�WKH�PHDVXUH�RI�WKH�H[FHVV�UDWH�RI�PRWRU�YHKLFOH�DFFLGHQWV�LQ

D�WRWDO�VWXG\�SRSXODWLRQ�ZKLFK�LV�DWWULEXWDEOH�WR�VOHHS�DSQHD��7KLV�PHDVXUH�LV�WKHUHIRUH�XVHIXO�IRU�GHWHUPLQLQJ

WKH�UHODWLYH�LPSRUWDQFH�RI�VOHHS�DSQHD�IRU�WKH�HQWLUH�SRSXODWLRQ�DQG�LV�WKH�SURSRUWLRQ�E\�ZKLFK�WKH�LQFLGHQFH

UDWH� RI� PRWRU� YHKLFOH� DFFLGHQWV� LQ� WKH� HQWLUH� SRSXODWLRQ� ZRXOG� EH� UHGXFHG� LI� VOHHS� DSQHD� ZHUH� HOLPLQDWHG�� 7R

FDOFXODWH� WKH� WRWDO� QXPEHU� DFFLGHQWV� DWWULEXWDEOH� WR� VOHHS� DSQHD� LQ� D� SRSXODWLRQ�� RQH� PXOWLSOLHV� WKH� 3$5

�ZKLFK�ZLOO�EH�D�IUDFWLRQ�OHVV�WKDQ����E\�WKH�WRWDO�QXPEHU�RI�DFFLGHQWV�

)RU�VWDWLVWLFDO�HQWKXVLDVWV��WKH�FDOFXODWLRQ�IRU�3�$�5��LV
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P.A.R = F (RR-1) /  1 + F (RR-1)

where F = the prevalence of exposure (sleep apnea in men aged 30-60) in the

population (drivers aged 30-60) ;  RR = the relative risk of MVA's in individuals

with sleep apnea compared with the rest of the population.

'U�$OIUHG� &RQQHU�� D� FOLQLFDO� HSLGHPLRORJLVW� IURP� WKH� 8QLYHUVLW\� RI� 9LUJLQLD�� &KDUORWWHVYLOOH�� 9LUJLQLD� LQ� D

SUHVHQWDWLRQ�DW�WKH��WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6OHHS�DQG�5HVSLUDWLRQ�KHOG�LQ�%DQII��&DQDGD��0DUFK����

���� ����� FDOFXODWHG� WKH� SRSXODWLRQ� DWWULEXWDEOH� ULVN� EDVHG� RQ� 86�09$� GDWD� DQG� QDWLRQDO� OLFHQVHG� GULYHU

ILJXUHV�+LV�FRQFOXVLRQV�DUH�VXPPDULVHG� LQ�)LJXUHV������+H�XVHG�YDULRXV�UHODWLYH�ULVN� OHYHOV�IRU�PDOH�GULYHUV

DJHG�������IRXQG�LQ�SXEOLVKHG�SHHU�UHYLHZHG�SDSHUV��'HSHQGLQJ�RQ�WKH�UHODWLYH�ULVN�XVHG�DQG�WKH�SUHYDOHQFH

UDWH�RI�VOHHS�DSQHD�LQ�PHQ�DJHG�������EDVHG�RQ�:LVFRQVLQ�6OHHS�&RKRUW�DQG�RWKHU�VOHHS�DSQHD�SUHYDOHQFH

VWXGLHV��&RQQHU� HVWLPDWHG� WKDW� �������� �� ����PLOOLRQ� DFFLGHQWV� DQQXDOO\� LQ�PDOH� GULYHUV� DJHG� �����

ZHUH�DWWULEXWDEOH�WR�VOHHS�DSQHD�LQ�WKH�86$�

8VLQJ�WKH�VDPH�PHWKRGROJ\��LW�LV�SRVVLEOH�WR�HVWLPDWH�KRZ�PDQ\�DFFLGHQWV�ZHUH�DWWULEXWDEOH�WR�VOHHS�DSQHD�LQ

16:� LQ� ������ ,W� LV� LPSRUWDQW� WR� QRWH� &RQQHU� XVHG� WKH� WRWDO� QXPEHU� RI� QRQ�IDWDO� FUDVKHV� LQ� WKH� 86

LUUHVSHFWLYH�RI� LQMXU\�RU�GDPDJH��7KH�DYDLODEOH�16:�GDWD� LV�FDOFXODWHG� IURP�DFFLGHQWV�ZKHUH� L�WKH�DFFLGHQW

ZDV�UHSRUWHG�LL��RFFXUUHG�RQ�D�SXEOLF�URDG�LLL��LQYROYHG�DW�OHDVW���PRYLQJ�YHKLFOH�DQG�LY��DW�OHDVW�RQH�SHUVRQ

ZDV�NLOOHG�RU�LQMXUHG�RU���YHKLFOH�WRZHG�DZD\��7KHUHIRUH�WKH�16:�GDWD�XVHV�D�PXFK�VPDOOHU�DFFLGHQW�UDWH�WKDQ

&RQQHU
V�FDOFXODWLRQ��)RU�H[DPSOH��XVLQJ�&RQQHU
V�86�DQQXDO�DFFLGHQW�UDWH�RI������������LQYROYLQJ�PHQ�DJHG

������ DQG� WKHQ� FDOFXODWLQJ� WKDW�16:� KDV� D� SRSXODWLRQ� RI� � ����� RI� WKH� 86$�� WKH� H[SHFWHG� LQFLGHQFH� RI

DFFLGHQWV�LQ�WKLV�JURXS�ZRXOG�EH���������+RZHYHU�XVLQJ�WKH�PRUH�VHULRXV�DFFLGHQW�UDWH�GHILQLWLRQ�DERYH� LQ

PHQ� DJHG������� LQ�16:�SURGXFHV� D� ILJXUH� RI� ������� DFFLGHQWV� LQ� WKLV� DJH� JURXS��7KH� GLVFUHSDQF\� LQ� WKH

DFFLGHQW�UDWH�LQ�������\HDU�ROG�GULYHUV�UHIOHFWV�WKH�FRPSDULVRQ�RI�DOO�FUDVKHV�LQ�&RQQHU
V�GDWD�ZLWK�WKH�PRUH

VHULRXV�FULWHULD�RI�WKH�16:�GDWD�

,Q�DQ\�FDVH�WKH�3�$�5��IRU�VOHHS�DSQHD�YDULHV�EHWZHHQ�����DQG������7KHUHIRUH�EHWZHHQ��������������VHULRXV

DFFLGHQWV� LQYROYLQJ�PDOH�GULYHUV� DJHG�������DUH�HVWLPDWHG� WR�EH�DWWULEXWDEOH� WR� VOHHS�DSQHD��8VLQJ� WKH� UDWH

FDOFXODWHG�IURP�86�GDWD�IRU�DOO�FUDVKHV��WKLV�ULVHV�WR�DQ�HVWLPDWHG������������������FUDVKHV�LQ�16:�DWWULEXWDEOH

WR�VOHHS�DSQHD�LQ������
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L� $OO�DFFLGHQWV

5HFHQWO\� WKH� 1DWLRQDO� +LJKZD\� 7UDIILF� 6DIHW\� $GPLQLVWUDWLRQ� �1+76$�� SXEOLVKHG� D� WHFKQLFDO� UHSRUW

H[DPLQLQJ�WKH�HFRQRPLF�LPSDFW�RI�09$
V�LQ�WKH�86$�LQ�������7KH�NH\�ILQGLQJV�DUH�VXPPDULVHG�EHORZ��DOO

GDWD�LQ��86���

• 7KH�FRVW�RI�PRWRU�YHKLFOH�FUDVKHV� WKDW�RFFXUUHG� LQ������ZDV��������ELOOLRQ��7KLV� WRWDO� UHSUHVHQWHG� WKH

SUHVHQW� YDOXH�RI� OLIHWLPH� HFRQRPLF� FRVWV� IRU� ������� IDWDOLWLHV�� ����PLOOLRQ� QRQ�IDWDO� LQMXULHV�� ����PLOOLRQ

XQLQMXUHG�RFFXSDQWV�DQG����PLOOLRQ�GDPDJHG�YHKLFOHV��7KHVH�LQFLGHQWV�LQFOXGHG�ERWK�SROLFH�UHSRUWHG�DQG

XQUHSRUWHG�FUDVKHV��3URSHUW\�GDPDJH�FRVWV�RI�������ELOOLRQ�DFFRXQWHG�IRU�WKH�PRVW�VLJQLILFDQW�SRUWLRQ�RI

WKH�WRWDO�FRVW��IROORZHG�E\�OLIHWLPH�ORVVHV�LQ�PDUNHWSODFH�SURGXFWLRQ�RI�������ELOOLRQ�

• (FRQRPLF� FRVW� FRPSRQHQWV� LQFOXGH� SURGXFWLYLW\� ORVVHV�� SURSHUW\� GDPDJH��PHGLFDO� FRVWV�� UHKDELOLWDWLRQ

FRVWV�� WUDYHO� GHOD\�� OHJDO� DQG� FRXUW� FRVWV�� HPHUJHQF\� VHUYLFH� FRVWV�� LQVXUDQFH� DGPLQLVWUDWLRQ� FRVWV�

SUHPDWXUH�IXQHUDO�FRVWV�DQG�FRVWV�WR�HPSOR\HUV�

6LJQLILFDQW�ILQGLQJV�RQ�FRVW�LQFOXGHG�

• 7KH�FRVW�RI�PRWRU�YHKLFOH�FUDVKHV�WKDW�RFFXUUHG�LQ������ZDV��������ELOOLRQ��WKH�HTXLYDOHQW�RI�����

IRU�HYHU\�SHUVRQ�OLYLQJ�LQ�WKH�8QLWHG�6WDWHV��RU�����SHUFHQW�RI�WKH�86�*URVV�'RPHVWLF�3URGXFW�

• (DFK�IDWDOLW\�UHVXOWHG� LQ� OLIHWLPH�HFRQRPLF�FRVWV�WR�VRFLHW\�RI�RYHU�����������2YHU����SHUFHQW�RI

WKLV�FRVW�LV�GXH�WR�ORVW�ZRUNSODFH�DQG�KRXVHKROG�SURGXFWLYLW\�

• 7KH�DYHUDJH�FRVW�IRU�HDFK�FULWLFDOO\�LQMXUHG�VXUYLYRU�ZDV�������������QHDUO\�DV�KLJK�DV�IRU�D�IDWDOLW\�

0HGLFDO� FRVWV� DQG� ORVW� SURGXFWLYLW\� DFFRXQWHG� IRU� ��� SHUFHQW� RI� WKH� FRVW� IRU� WKHVH� 0D[LPXP

$EEUHYLDWHG�,QMXU\�6FDOH��0$,6��OHYHO���LQMXULHV�

• 3UHVHQW�DQG�IXWXUH�PHGLFDO�FRVWV�GXH�WR�LQMXULHV�RFFXUULQJ�LQ������ZHUH�����ELOOLRQ��UHSUHVHQWLQJ���

SHUFHQW�RI�WRWDO�FRVWV��+RZHYHU��PHGLFDO�FRVWV�DFFRXQWHG�IRU����SHUFHQW�RI�QRQ�IDWDO� LQMXU\�FUDVK

FRVWV�
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• /RVW�PDUNHW�SURGXFWLYLW\� WRWDOOHG�������ELOOLRQ�� DFFRXQWLQJ� IRU����SHUFHQW�RI� WRWDO� FRVWV�� DQG� ORVW

KRXVHKROG�SURGXFWLYLW\�WRWDOOHG�������ELOOLRQ��UHSUHVHQWLQJ���SHUFHQW�RI�WRWDO�FRVWV�

• %HFDXVH�RI�WKHLU�KLJK�LQFLGHQFH��FUDVKHV�RI�YHKLFOHV�WKDW�VXVWDLQHG�RQO\�SURSHUW\�GDPDJH�ZHUH�WKH

PRVW�FRVWO\�W\SH�RI�RFFXUUHQFH��WRWDOOLQJ�������ELOOLRQ�DQG�DFFRXQWLQJ�IRU����SHUFHQW�RI�WRWDO�PRWRU

YHKLFOH�FUDVK�FRVWV�

• 3URSHUW\�GDPDJH�LQ�DOO�FUDVKHV��IDWDO�DQG�LQMXU\��DV��ZHOO�DV�SURSHUW\�GDPDJH�RQO\�FUDVKHV�WRWDOOHG

������ELOOLRQ�DQG�DFFRXQWHG�IRU����SHUFHQW�RI�DOO�FRVWV��PRUH�WKDQ�DQ\�RWKHU�FRVW�FDWHJRU\�

• $ERXW����SHUFHQW�RI�PHGLFDO�FDUH�FRVWV�UHVXOWLQJ�IURP�PRWRU�YHKLFOH�FUDVKHV�DUH�SDLG�IURP�SXEOLF

UHYHQXHV��ZLWK�)HGHUDO�UHYHQXHV�DFFRXQWLQJ�IRU����SHUFHQW�DQG�VWDWHV�DQG�ORFDOLWLHV����SHUFHQW�

• 5RXJKO\���SHUFHQW�RI�DOO�PRWRU�YHKLFOH�FUDVK�FRVWV�DUH�SDLG�IURP�SXEOLF�UHYHQXHV��)HGHUDO�UHYHQXHV

DFFRXQW�IRU���SHUFHQW�DQG�VWDWHV�DQG�ORFDOLWLHV�SDLG�IRU�DERXW���SHUFHQW��3ULYDWH�LQVXUHUV�SLFN�XS���

SHUFHQW�ZKLOH� LQGLYLGXDO� FUDVK� YLFWLPV� DEVRUE� DERXW� ��� SHUFHQW��2YHUDOO�� VRXUFHV� RWKHU� WKDQ� WKH

LQGLYLGXDO�FUDVK�YLFWLPV�SD\�DERXW����SHUFHQW�RI� DOO�PRWRU�YHKLFOH� FUDVK�FRVWV��SULPDULO\� WKURXJK

LQVXUDQFH� SUHPLXPV� DQG� WD[HV��0RWRU� YHKLFOH� FUDVK� FRVWV� IXQGHG� WKURXJK� SXEOLF� UHYHQXHV� FRVW

WD[SD\HUV�������ELOOLRQ� LQ������� WKH�HTXLYDOHQW�RI������ LQ�DGGHG� WD[HV� IRU� HDFK�KRXVHKROG� LQ� WKH

8QLWHG�6WDWHV�

6LJQLILFDQW�ILQGLQJV�RQ�LQFLGHQFH�LQFOXGH�

• ����PLOOLRQ�SHUVRQV�ZHUH�LQMXUHG�LQ�PRWRU�YHKLFOH�FUDVKHV�LQ������������PLOOLRQ�RI�WKHVH��RU�URXJKO\

���SHUFHQW��ZHUH�LQMXUHG�LQ�FUDVKHV�WKDW�ZHUH�QRW�UHSRUWHG�WR�SROLFH�

• ��� PLOOLRQ� YHKLFOHV� ZHUH� GDPDJHG� LQ� PRWRU� YHKLFOH� FUDVKHV� LQ� ������ ��� SHUFHQW� RI� WKHVH� ZHUH

GDPDJHG�LQ�SURSHUW\�GDPDJH�RQO\�LPSDFWV��ZLWK�LQMXULHV�RFFXUULQJ�LQ��RU�SHGHVWULDQ�LQMXULHV�FDXVHG

E\��WKH�UHPDLQLQJ����SHUFHQW�

• 5RXJKO\�KDOI�RI� DOO� SURSHUW\�GDUQDJH�RQO\� FUDVKHV� DQG�RYHU� D� ILIWK�RI� DOO� QRQIDWDO� LQMXULHV� DUH�QRW

UHSRUWHG�WR�SROLFH�
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$Q�DQDO\VLV�ZDV�FRQGXFWHG�RI�WUHQGV�LQ�PRWRU�YHKLFOH�FUDVK�FRVWV�VLQFH������

• ,QIODWLRQ�LQFUHDVHG�WKH�FRVW�RI�PRWRU�YHKLFOH�FUDVKHV�E\�RYHU����SHUFHQW�VLQFH������

• $�YDULHW\�RI� IDFWRUV� LQFOXGLQJ� LQFUHDVHG� VDIHW\� EHOW� XVH�� GHFUHDVHG� GULYLQJ� XQGHU� WKH� LQIOXHQFH� RI

DOFRKRO��VDIHU�YHKLFOHV��DQG�LPSURYHG�URDGZD\V�UHGXFHG�WKH�LQFLGHQFH�RI�FUDVKHV��GHDWK�DQG�LQMXU\�

7KLV�RIIVHW�DERXW�KDOI�RI�WKH�SRWHQWLDO�FRVW�LQFUHDVH�GXH�WR�LQIODWLRQ��OHDYLQJ�FRVWV�����SHUFHQW�KLJKHU

WKDQ�LQ������

• ,I�IDWDOLW\�DQG�LQMXU\�UDWHV�KDG�UHPDLQHG�DW������OHYHOV�������FUDVK�FRVWV�ZRXOG�KDYH�EHHQ������

ELOOLRQ��RU����SHUFHQW��KLJKHU�WKDQ�WKH��������ELOOLRQ�PHDVXUHG�LQ�WKLV�VWXG\�

LL� )DWLJXH�5HODWHG�09$�&RVWV

7R� GHULYH� WKH� HFRQRPLF� FRVWV� RI� IDWLJXH�� UHODWHG�09$
V�� RQH� FRXOG� PXOWLSO\� WKH� WRWDO� HFRQRPLF� FRVW� RI

09$
V�E\�WKH�SURSRUWLRQ�RI�09$
V�EHOLHYHG�WR�EH�GXH�WR�VOHHSLQHVV��,I�RQH�XVHG�HVWLPDWHV�RI�HLWKHU����RU

���� RI� DFFLGHQWV� EHLQJ� IDWLJXH� UHODWHG�� WKHQ� LQ� WKH�86$� LQ� ����� WKH� FRVW� RI� IDWLJXH� UHODWHG� DFFLGHQWV

UDQJHG�IURP��86�����������ELOOLRQ��������������RI�86�*'3��

+RZHYHU�LQ�SHUIRUPLQJ�DQ�HFRQRPLF�DQDO\VLV��LW�LV�LPSRUWDQW�WR�FRQVLGHU�VHYHUDO�SRLQWV�JHQHUDOO\�HVWDEOLVKHG

UHJDUGLQJ�IDWLJXH�UHODWHG�DFFLGHQWV��)DWLJXH�UHODWHG�09$
V�DUH�PRUH�OLNHO\�WR�EH�IDWDO��PRUH�OLNHO\�WR�LQYROYHV

\RXQJ�GULYHUV� DQG�PRUH� OLNHO\� WR� LQYROYH�KHDY\�YHKLFOHV��7KLV�ZRXOG� VXJJHVW� WKH� HFRQRPLF� FRVW� RI� IDWLJXH

UHODWHG�09$
V�LV�JUHDWHU�WKDQ��86�����������ELOOLRQ�

7KHUH�LV�QR�UHFHQW�HFRQRPLF�DQDO\VLV�RI�09$�HFRQRPLF�FRVW�LQ�$XVWUDOLD�HTXLYDOHQW�WR�WKH�1+76$�UHSRUW��,I

RQH� VLPSO\� DVVXPHV� WKDW� HFRQRPLF� FRVW� LV� SURSRUWLRQDO� WR� SRSXODWLRQ� WKHQ� WKH� FRVW� RI� IDWLJXH� UHODWHG

DFFLGHQWV� LQ�$XVWUDOLD�ZRXOG�EH� LQ� WKH� UDQJH�RI� ��$�����ELOOLRQ��7KH�FRPPLWWHH� LQ� LWV�FDOO� IRU� VXEPLVVLRQV

HVWLPDWHG�WKDW��IDWLJXH�LQ�WKH�$XVWUDOLDQ�ZRUNSODFH�FRVWV�XS�WR������ELOOLRQ���,�ZRXOG�TXHVWLRQ�WKLV�VWDWHPHQW

DQG�VXJJHVW�LW�LV�DQ�XQGHUHVWLPDWLRQ�

LLL��6OHHS�$SQHD���09$
V��5HODWHG�&RVWV

,W�LV�SRVVLEOH�WR�HVWLPDWH�WKH�HFRQRPLF�FRVW�RI�VOHHS�DSQHD�DWWULEXWDEOH�09$
V��$SSUR[LPDWHO\�����RI�GULYHUV
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DUH�PHQ�DJHG�������DQG�LQ�WKLV�DJH�JURXS�WKH�DWWULEXWDEOH�ULVN�H[SUHVVHG�DV�D�SHUFHQWDJH�YDULHG�IURP������

�����7KLV�ZRXOG� VXJJHVW� WKDW� VOHHS� DSQHD� DWWULEXWDEOH�09$
V�ZRXOG� KDYH� DQ� HFRQRPLF� FRVW� RI� � �������

PLOOLRQ� GHSHQGLQJ� RQ� SUHYDOHQFH� UDWHV� DQG� UHODWLYH� ULVN� YDOXHV� XVHG� LQ� FDOFXODWLRQV�� &XUUHQW� 0HGLFDUH

H[SHQGLWXUH�RQ�VOHHS�DSQHD�LQYHVWLJDWLRQ�LV�DSSUR[LPDWHO\�����PLOOLRQ�

+��0(',&2�/(*$/�$63(&76�2)�)$7,*8(�$1'�75$163257

$�GHWDLOHG�DQDO\VLV�RI�WKLV�DUHD�LV�EH\RQG�WKH�VFRSH�RI�WKLV�VXEPLVVLRQ�EXW�FOHDOU\�LV�DQ�DUHD�ZKLFK�VKRXOG�QRW

EH� LJQRUHG� E\� FRPPLWWHH� PHPEHUV�� $� SDSHU� E\� 2
.HHIH� RQ� WKH� VXEMHFW� LV� LQFOXGHG� LQ� WKH� $SSHQGLFHV

�$SSHQGL[�.��DV�ZHOO�DV�WKH�WH[W�RI�D�VSHHFK�E\�0U�,DQ�&DOOLQDQ�4&��QRZ�RI�WKH�+LJK�&RXUW�RQ�WKH�VXEMHFW

RI�VOHHS�DSQHD�DQG�WKH�ODZ��$SSHQGL[�*��

7KH� PHGLFR�OHJDO� DVSHFWV� RI� IDWLJXH�� VOHHSLQHVV� DQG� VOHHS� GLVRUGHUV� LV� HYHU� FKDQJLQJ� DV� UHVHDUFK� ILQGLQJV

DFFXPXODWH�

.H\�LVVXHV�LQFOXGH

• WKH�/LDELOLW\� IRU� LQMXULHV�FDXVHG� WR�RWKHUV�ZKHQ�D�KHDOWK\� LQGLYLGXDO� IDOOV� DVOHHS�RU� D� VXIIHUHU�RI� D� VOHHS

GLVRUGHU�IDOOV�DVOHHS

9DULRXV�WHVWV�DUH�DSSOLHG�LQ�WKH�ODZ�RI�QHJOLJHQFH��,Q�FULPLQDO�ODZ�LQ�5�Y�-LPLQH]��WKH�+LJK�&RXUW�RI�$XVWUDOLD

KDV�KHOG�WKDW�LI�D�SHUVRQ�IDOOV�DVOHHS�VXGGHQO\�ZLWKRXW�FOHDU�HYLGHQFH�RI�SULRU�VOHHSLQHVV�WKHQ�WKH\�FDQQRW�EH

JXLOW\�RI�FKDUJHV�VXFK�DV�QHJOLJHQW�GULYLQJ�RFFDVLRQLQJ�GHDWK��,Q�$SSHQGL[�'��,�LQFOXGH�D�SDSHU�RQ�DZDUHQHVV

RI�SULRU�VOHHSLQHVV�LQ�GULYHUV�ZKR�IDOO�DVOHHS�ZKLFK�FHUWDLQO\�FDOOV�LQWR�TXHVWLRQ�WKH�+LJK�&RXUW
V�UXOLQJ�LQ�WKLV

PDWWHU�RU�DW�OHDVW�VXJJHVWV�D�FKDOOHQJH�WR�WKLV�ODZ�PD\�EH�VXFFHVVIXO�

,Q�WKH�&DQDGLDQ�FDVH�RI�%RRPHU�Y�3HQQ�ZKHUH��WKH�GULYHU��D�GLDEHWLF��ZDV�KHOG�WR�DQ�HYHQ�KLJKHU�VWDQGDUG�RI

FDUH�WKDQ�WKH�RUGLQDU\�GULYHU���$�PRWRULVW��ZKR�VXIIHUV�IURP�D�GLVDELOLW\�RI�ZKLFK�KH�LV�DZDUH��LV�XQGHU�D�YHU\

KHDY\�GXW\� WR� WDNH�QHFHVVDU\�SUHFDXWLRQV� WR�DYRLG� WKH�SRVVLELOLW\�RI�KLV�GLVDELOLW\�FDXVLQJ�KLP� WR� IDOO� LQWR�D

FRQGLWLRQ�ZKLFK�ZRXOG�PDNH�LW�LPSRVVLEOH�IRU�KLP�WR�GLVFKDUJH�WKH�GXW\�RI

care imposed upon him."

• /LDELOLW\�RI�DQ�HPSOR\HU�LI�D�GULYHU�IDOOV�DVOHHS
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7KLV�LV�FXUUHQWO\�EHLQJ�WHVWHG�LQ�VHYHUDO�FLYLO�DFWLRQV�LQ�$XVWUDOLD��6HH�$SSHQGLFHV�*�.�IRU�VRPH�VHQLRU�OHJDO

RSLQLRQ��7KH�QHHG� IRU�HPSOR\HUV� WR�VFUHHQ� WKHLU�GULYHU� IRU� VOHHS�GLVRUGHUV�RU�SURYLGH� IDWLJXH�PDQDJHPHQW

SURJUDPV�LV�QRW�FOHDUO\�WHVWHG�LQ�ODZ�

• /LDELOLW\�RI�SURGXFWV

7KLV� ZRXOG� LQFOXGH� WKH� OLDELOLW\� RI� PDQXIDFWXUHUV� RI� WUHDWPHQW� GHYLFHV� IRU� VOHHSLQHVV� DQG� VOHHS� GLVRUGHUV

UDQJLQJ�IURP�ZDUQLQJV�RQ�K\SQRWLF�PHGLFDWLRQV�WR�XQSURYHQ�WUHDWPHQWV�IRU�VOHHS�DSQHD�

• /LDELOLW\�RI�PHGLFDO�SUDFWLWLRQHUV

&XUUHQW�ILWQHVV�WR�GULYH�JXLGHOLQHV�IRU�VOHHS�GLVRUGHUV�DUH�IDLUO\�VWULQJHQW�EXW�FRQWURYHUVLDO��2QH�PXVW�EDODQFH

WKH�QHHG�WR�GLDJQRVH�DQG�WUHDW�SDWLHQWV�FRQILGHQWLDOO\�DQG�WR�HQFRXUDJH�SDWLHQWV�WR�SUHVHQW�IRU�PHGLFDO�FDUH

YHUVXV�WKH�SXEOLF�LQWHUHVW��7KH�H[DFW�OLDELOLW\�RI�PHGLFDO�SUDFWLWLRQHUV�ZKR�IDLO�WR�ZDUQ�RU�WUHDW�D�SDWLHQW�ZLWK�D

VOHHS�GLVRUGHU�RU�ZKR�IDLO�WR�ZDUQ�WUDQVSRUW�DXWKRULWLHV�LV�XQFOHDU�

,��&2817(50($685(6���:$.()8/1(66��352027,1*�'58*6�

1DSSLQJ�DQG�WKH�XVH�RI�VWLPXODQWV��W\SLFDOO\�FDIIHLQH��DUH�WKH�PRVW�HIIHFWLYH�FRXQWHUPHDVXUHV�IRU�IDWLJXH�DQG

VOHHSLQHVV��2WKHU�IDFWRUV�VXFK�DV�EULJKW�OLJKW�LQ�WKH�ZRUN�HQYLURQPHQW�PD\�EH�LPSRUWDQW�SDUWLFXODUO\�IRU�VKLIW

ZRUNHUV�WU\LQJ�WR�DGMXVW�WR�D�QHZ�VOHHS�SKDVH��6RPH�RWKHU�FRXQWHUPHDVXUHV�UDGLR��FROG�DLU�HWF��GR�QRW�VHHP�WR

ZRUN�ZKHQ�SURSHUO\�DVVHVVHG�

'URZV\�GULYLQJ�GHWHFWLRQ�GHYLFHV�EDVHG�RQ�H\HOLG�FORVXUH�RU�EOLQN�UDWHV�DUH�DQ�DUHD�RI�DFWLYH�UHVHDUFK��6XFK

GHYLFHV� DUH� SRWHQWLDOO\� LPSRUWDQW� EXW� VKRXOG� QRW� WDNH� WKH� SODFH� RI� DSSURSULDWH� SXEOLF� KHDOWK� VWUDWHJLHV�

0RUHRYHU�WKH�PHGLFR�OHJDO�FRQVHTXHQFHV�RI�RQH�RI�WKHVH�GHYLFHV�IDLOLQJ�KDV�QRW�EHHQ�H[SORUHG�

L� :DNHIXOQHVV�SURPRWLQJ�'UXJV

$OWKRXJK�WKHUH�LV�D�ZHOO�NQRZ�LOOLFLW�WUDGH�LQ�VWLPXODQWV�DPRQJVW�WUDQVSRUW�ZRUNHUV��OLWWOH�GDWD�LV�DYDLODEOH�RQ

FRQWUROOHG� XVH� RI� VWLPXODQWV� LQ� FHUWDLQ� IDWLJXH�LQGXFLQJ� ZRUN� HQYLURQPHQWV�� 0XFK� GDWD� LQ� WKLV� DUHD� LV

JHQHUDWHG� E\� PLOLWDU\� H[SHULPHQWDWLRQ� DQG� UHDUHO\� SXEOLVKHG�� 7KH� DGYHQW� RI� D� QHZ� FODVV� RI� GUXJ�� WKH

�ZDNHIXOQHVV� SURPRWHUV�� VXFK� DV�PRGDILQLO�ZKLFK� DSSHDUV� WR� EH� UHODWLYHO\� VLGH� HIIHFW� IUHH�ZLOO� SURYLGH� DQ

LQWHUHVWLQJ� FKDOOHQJH� WR� WKH� FRQYHQWLRQDO� PDQDJHPHQW� RI� IDWLJXH�� $OUHDG\� 0RGDILQLO� LV� DSSURYHG� IRU
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QDUFROHSV\� LQ� WKH�86$��%ULWDLQ� DQG�PRVW� RI�(XURSH� DQG� WULDOV� DUH� EHLQJ� SODQQHG� IRU�PLOG�PRGHUDWH� VOHHS

DSQHD�SDWLHQWV�ZLWK�VRPH�GHJUHH�RI�VOHHSLQHVV�

-��)857+(5�,1)250$7,21

,Q� $SSHQGLFHV� ,�� -�� IXUWKHU� EDFNJURXQG� DQG� UHVRXUFH� LQIRUPDWLRQ� LV� SURYLGHG� IRU� PDULQH� WUDQVSRUW�� $Q

H[FHOOHQW�SDSHU�RQ�VOHHSLQHVV�DQG�DFFLGHQWV�E\�'LQJHV�LV�DOVR�LQFOXGHG��$SSHQGL[�+��

.��5(&200(1'$7,216

$OWKRXJK� UHFRPPHQGDWLRQV� IRFXV� RQ� GULYLQJ�� VLPLODU� UHFRPPHQGDWLRQV� FDQ� EH�PDGH� IRU� RWKHU� DVSHFWV� RI

WUDQVSRUW�

�� *HQHUDO�6WUDWHJLHV�WR�0LQLPLVH�)DWLJXH�DQG�6OHHSLQHVV

7DUJHW�3RSXODWLRQ�*URXSV�$W�+LJKHVW�5LVN�ZLWK�(GXFDWLRQ�0DWHULDOV

$OWKRXJK�QR�SHUVRQ�LV�LPPXQH��WKH�IROORZLQJ�WKUHH�SRSXODWLRQ�JURXSV�DUH�DW�KLJKHVW�ULVN��EDVHG�RQ�HYLGHQFH

IURP�FUDVK�UHSRUWV�DQG�VHOI�UHSRUWV�RI�VOHHS�EHKDYLRXU�DQG�GULYLQJ�SHUIRUPDQFH�

• <RXQJ�SHRSOH��DJHV����WR������HVSHFLDOO\�PDOHV�

• 6KLIW�ZRUNHUV�ZKRVH�VOHHS�LV�GLVUXSWHG�E\�ZRUNLQJ�DW�QLJKW�RU�ZRUNLQJ�ORQJ�RU�LUUHJXODU�KRXUV�

• :RUNHUV�LQYROYHG�LQ�PRQRWRQRXV�VXVWDLQHG�RSHUDWLRQV

• 3HRSOH� ZLWK� XQWUHDWHG� VOHHS� DSQHD� V\QGURPH� �6$6�� DQG� QDUFROHSV\�� 'LVWULEXWLRQ� WKURXJK� FRPPXQLW\

KHDOWK� FHQWUHV�� ORFDO� PHGLD�� GRFWRUV� RIILFHV�� 7KLV� ZLOO� DOVR� LQYROYH� UHFRJQLWLRQ� WKDW� DQWL�REHVLW\� KHDOWK

SURPRWLRQ�SURJUDPV�ZLOO�DOVR�EH�LPSRUWDQW�LQ�UHGXFLQJ�WKH�FRPPXQLW\��ORDG��RI�VOHHS�DSQHD�

$OVR�� WKHUH� LV� PLQLPDO� VFKRRO� HGXFDWLRQ� RQ� IDWLJXH� DQG� VOHHSLQHVV� LQ� $XVWUDOLD�� 7KHUH� DUH� VRPH� ZHOO
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GHYHORSHG�VOHHS�KHDOWK�SURJUDPV�DLPHG�DW�YDULRXV� OHYHOV�RI� VFKRROLQJ�GHYHORSHG� LQ� WKH�86$�DQG�,VUDHO

ZKLFK�FRXOG�EH�DGDSWHG�LQ�$XVWUDOLD��)LQDQFLDO�LQFHQWLYHV�FRXOG�EH�RIIHUHG�WR�GHYHORS�VXFK�SURJUDPV�E\

VSHFLDO�JUDQWV��7KLV�PDWWHU�VKRXOG�EH�UHIHUUHG�WR�WKH�6WDWH�0LQLVWHUV�RI�(GXFDWLRQ�

3XEOLFLVH�&RXQWHUPHDVXUHV

• 7R�SUHYHQW�GURZV\�GULYLQJ�DQG� LWV�FRQVHTXHQFHV�� WKH�SXEOLF�QHHG� LQIRUPDWLRQ�RQ�DSSURDFKHV� WKDW�PD\

UHGXFH�WKHLU�ULVNV��7KH�SXEOLF�QHHGV�WR�EH�LQIRUPHG�RI�WKH�EHQHILWV�RI�VSHFLILF�EHKDYLRXUV�WKDW�KHOS�DYRLG

EHFRPLQJ�GURZV\�ZKLOH�GULYLQJ��+HOSIXO�EHKDYLRXUV�LQFOXGH

��� SODQQLQJ�WR�JHW�VXIILFLHQW�VOHHS

��� QRW�GULQNLQJ�HYHQ�VPDOO�DPRXQWV�RI�DOFRKRO�ZKHQ�VOHHS\

��� OLPLWLQJ�GULYLQJ�EHWZHHQ�PLGQLJKW�DQG���D�P�

• $V� VRRQ� DV� D� GULYHU� EHFRPHV� VOHHS\�� WKH� NH\� EHKDYLRXUDO� VWHS� LV� WR� VWRS� GULYLQJ�IRU� H[DPSOH�� OHWWLQJ� D

SDVVHQJHU� GULYH� RU� VWRSSLQJ� WR� VOHHS� EHIRUH� FRQWLQXLQJ� D� WULS�� 7ZR� UHPHGLDO� DFWLRQV� FDQ� PDNH� D

VKRUW�WHUP�GLIIHUHQFH� LQ�GULYLQJ� DOHUWQHVV�� WDNLQJ� D� VKRUW�QDS� �DERXW���� WR����PLQXWHV�� DQG� FRQVXPLQJ

FDIIHLQH�HTXLYDOHQW�WR�WZR�FXSV�RI�FRIIHH��7KH�HIIHFWLYHQHVV�RI�DQ\�RWKHU�VWHSV�WR�LPSURYH�DOHUWQHVV�ZKHQ

VOHHS\��VXFK�DV�RSHQLQJ�D�ZLQGRZ�RU�OLVWHQLQJ�WR�WKH�UDGLR��KDV�QRW�EHHQ�GHPRQVWUDWHG�

�5RDG�'HVLJQ

• ,QIRUPDWLRQ� FRXOG� EH� SURYLGHG� WR� WKH� SXEOLF� DQG� SROLF\PDNHUV� DERXW� WKH� SXUSRVH� DQG� PHDQLQJ� RI

VKRXOGHU� UXPEOH� VWULSV�� ZKLFK� DODUP� RU� DZDNHQ� VOHHS\� GULYHUV� ZKRVH� YHKLFOHV� DUH� JRLQJ� RII� WKH� URDG�

7KHVH� UXPEOH� VWULSV� SODFHG� RQ� KLJK�VSHHG�� FRQWUROOHG�DFFHVV�� UXUDO� URDGV� UHGXFH� GULYH�RII�WKH�URDG

FUDVKHV�E\����WR����SHUFHQW��+RZHYHU��UXPEOH�VWULSV�DUH�QRW�D�VROXWLRQ�IRU�VOHHS\�GULYHUV��ZKR�PXVW�YLHZ

DQ\�ZDNH�XS�DOHUW�DV�DQ� LQGLFDWLRQ�RI� LPSDLUPHQWV� VLJQDO� WR�VWRS�GULYLQJ�DQG�JHW� DGHTXDWH� VOHHS�EHIRUH

GULYLQJ�DJDLQ�

6KLIW�:RUN�DQG�)DWLJXH�0DQDJHPHQW

(PSOR\HUV��XQLRQV��DQG�VKLIW�ZRUN�HPSOR\HHV�QHHG�WR�EH�LQIRUPHG�DERXW�HIIHFWLYH�PHDVXUHV�WKH\�FDQ�WDNH�WR

UHGXFH�VOHHSLQHVV�UHVXOWLQJ�IURP�VKLIW�ZRUN�VFKHGXOHV��&RXQWHUPHDVXUHV�LQFOXGH�IROORZLQJ�HIIHFWLYH�VWUDWHJLHV

IRU�VFKHGXOLQJ�VKLIW�FKDQJHV�DQG��ZKHQ�VKLIW�ZRUN�SUHFOXGHV�QRUPDO�QLJKWWLPH�VOHHS��SODQQLQJ�D�WLPH�DQG�DQ
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HQYLURQPHQW�WR�REWDLQ�VXIILFLHQW�UHVWRUDWLYH�VOHHS�

+RZHYHU�LW�LV�FUXFLDO�WKDW�IDWLJXH�PDQDJHPHQW�SURJUDPV�DUH�QRW�VHHQ�DV�OLFHQFHV�WR�DOORZ�ORQJ�ZRUN

KRXUV��1R�IDWLJXH�PDQDJHPHQW�SURJUDP�KDV�DQ\�YDOXH� LI� LW� WUDGHV�RII�HGXFDWLRQ�DERXW�VOHHS�DQG�IDWLJXH� LQ

ZRUNHUV�ZLWK�ORQJ�ZRUN�VKLIWV�URVWHUHG�E\�WKH�HPSOR\HUV�

7KHUH�LV�GLVDJUHHPHQW�DPRQJVW�VOHHS�DQG�IDWLJXH�UHVHDUFKHUV�DERXW�SURVFULSWLYH�ZRUN�KRXUV�VXFK�DV�OLPLWLQJ

GULYLQJ�KRXUV�IRU�FRPPHUFLDO�GULYHUV�LQ�WKH�(DVWHUQ�VWDWHV��,Q�WKH�HQG�WKHUH�DUH�IXQGDPHQWDO�HFRQRPLF�DQG

OHJDO� LVVXHV�WKDW�DUH�EHVW�GHWHUPLQHG�E\�WKH�SXEOLF�DQG�WKHLU�SDUOLDPHQWDU\�UHSUHVHQWDWLYHV��6RPH�DUJXH� WKDW

OLPLWLQJ�ZRUN�KRXUV�LQ�WKH�WUDQVSRUW�LQGXVWU\�FRVWV�PRQH\��7KLV�FDQ�EH�FRXQWHU�DUJXHG�E\�WKH�FRVW�RI�IDWLJXH

UHODWHG�DFFLGHQWV��VHH�DERYH���2QH�UHFRPPHQGDWLRQ�ZRXOG�EH�WR�GHYHORS�EHWWHU�PRGHOV�RI�HFRQRPLF�DQDO\VHV

RI�OLPLWHG�YHUVXV�XQOLPLWHG�GULYLQJ�KRXUV�WR�DOORZ�FOHDUHU�FKRLFHV�IRU�WKH�SXEOLF�LQ�WKLV�DUHD�

(GXFDWH�WKH�0HGLFDO�DQG�+HDOWK�&RPPXQLW\

$�PRUH�LQIRUPHG�PHGLFDO�FRPPXQLW\�FRXOG�KHOS�UHGXFH�GURZV\�GULYLQJ�E\�WDONLQJ�WR�SDWLHQWV�DERXW�WKH�QHHG

IRU�DGHTXDWH�VOHHS��DQ�LPSRUWDQW�EHKDYLRXU�IRU�JRRG�KHDOWK�DV�ZHOO�DV�GURZV\�GULYLQJ�SUHYHQWLRQ�

,QLWLDWLYHV�VKRXOG�LQFOXGH

• 7KH�GHWHFWLRQ�DQG�PDQDJHPHQW�RI�LOOQHVVHV�WKDW�FDQ�FDXVH�VOHHSLQHVV��VXFK�DV�VOHHS�DSQHD�DQG�QDUFROHSV\

• 'LUHFW�KHDOWK�VFLHQFHV�IDFXOWLHV�WR�HPSKDVLVH�HGXFDWLRQ�RQ�IDWLJXH��VOHHSLQHVV�DQG�VOHHS�GLVRUGHUV�LQ�WKHLU

FXUULFXOD��7KHVH�PD\�UHTXLUH�VSHFLILF�SURJUDPV�EHLQJ�GHYHORSHG�LQ�VRPH�LQVWLWXWLRQV�RU�HQFRXUDJHPHQW

RI�GHYHORSPHQW�RI�EDVHV�IRU�DFDGHPLD�DQG�WHDFKLQJ�LQ�WKLV�DUHD��,Q�WKH�86��PHULW�DZDUGV�ZLWK�DWWDFKHG

IXQGLQJ�DUH�RIIHUHG�E\�WKH�1DWLRQDO�&HQWUH�IRU�6OHHS�5HVHDUFK��SDUW�RI�WKH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�

IRU� LQQRYDWLYH� WHDFKLQJ� SURJUDPV� UHODWHG� WR� VOHHS� DQG� IDWLJXH�� $W� WKH� 8QLYHUVLW\� RI� 6\GQH\� ZH� KDYH

GHYHORSHG�D����PLQXWH�ZRUNVKRS�EXLOW�DURXQG�SUREOHP�EDVHG�OHDUQLQJ�IRU�WKH�ILUVW�\HDU�RI�WKH�JUDGXDWH

PHGLFDO�SURJUDP�

6HGDWLYHV�+\SQRWLFV

• 7KHUH� VKRXOG� EH� VWURQJHU� KHDOWK� SURPRWLRQ� DPRQJVW� WKH� SXEOLF� DQG� KHDOWK� SURIHVVLRQDOV� WKDW

VHGDWLYH�K\SQRWLF�GUXJV�LPSDLU�GULYLQJ

• 0RUH�HPSKDVLV�VKRXOG�EH�JLYHQ�WR�SXEOLFLVLQJ�DQG�IXQGLQJ�QRQ�SKDUPDFRORJLFDO�WUHDWPHQWV�IRU�LQVRPQLD
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WR�UHGXFH�WKH�SUHVFULSWLRQ�UDWHV�RI�VHGDWLYH�K\SQRWLFV

• (IIHFW� RQ� GULYLQJ� SHUIRUPDQFH� DQG� YLJLODQFH� VKRXOG� EH� LPSRUWDQW� FULWHULD� IRU� DVVHVVLQJ� 3%6� OLVWLQJ� RI

VHGDWLYH�K\SQRWLFV�UDWKHU�WKDQ�FRVW�DORQH�

6OHHS�$SQHD�DQG�RWKHU�6OHHS�'LVRUGHUV

• &OHDU� SURWHFWLRQ� XQGHU� ODZ� LQ� DOO� VWDWHV� VKRXOG� EH� JLYHQ� WR�PHGLFDO� SUDFWLWLRQHUV�ZKR� KDYH� UHDVRQDEOH

JURXQGV�WR�UHSRUW�GULYHUV�ZLWK�VOHHS�GLVRUGHUV�SRWHQWLDOO\�LPSDLULQJ�GULYLQJ

• 6FUHHQLQJ�IRU�VOHHS�DSQHD�XVLQJ�REMHFWLYH�FULWHULD��PLQLPXP�UHVSLUDWRU\�PRQLWRULQJ�GXULQJ�VOHHS��VKRXOG

EH�PDQGDWRU\��DW�OHDVW�IRU�ORQJ�GLVWDQFH�FRPPHUFLDO�GULYHUV��SLORWV��DLU�WUDIILF�FRQWUROOHUV�DQG�RWKHU�KLJK

ULVN�RFFXSDWLRQV� LI� WKRVH� LQGLYLGXDOV�KDYH�D�ERG\�PDVV� LQGH[�!����RQ�PHGLFDO�H[DPLQDWLRQ�RU� LQ� WKRVH

VXVSHFWHG�RQ�PHGLFDO�H[DPLQDWLRQ�WR�KDYH�VOHHS�DSQHD���WKH�ILJXUH�RI�%RG\�PDVV�LQGH[�RI����LV�EDVHG�RQ

RXU� GDWD� IURP�%XVVHOWRQ��:HVWHUQ�$XVWUDOLD� VKRZLQJ� WKDW� DW� WKDW� OHYHO� VOHHS� DSQHD� LV� ����� WLPHV�PRUH

FRPPRQ�WKDQ�LQ�WKRVH�ZKR�DUH�QRUPDO�LQ�ZHLJKW��)LJXUH������7KHVH�LQYHVWLJDWLRQV�EH�UHSHDWHG�DW���\HDUO\

LQWHUYDOV�� ,QGLYLGXDOV� ZLWK� SRVLWLYH� VWXGLHV� VKRXOG� EH� DVVHVVHG� DQG� GHFODUHG� ILW� WR� ZRUN� LQ� WKHLU

RFFXSDWLRQV�E\�D�&RPPRQZHDOWK�'HSDUWPHQW�RI�+HDOWK�FUHGHQWLDOOHG�VOHHS�PHGLFLQH�SUDFWLWLRQHU�

• 6XEVLGLVDWLRQ� RI� HIIHFWLYH� WKHUDS\� IRU� VOHHS� DSQHD� VKRXOG� EH� LQWURGXFHG� LQ� WKH� VDPH� ZD\� WKH� 3%6

VXEVLGLVHV�PHGLFDWLRQV��&ULWHULD�IRU�SUHVFULSWLRQ�VKRXOG�IROORZ�1+05&�JXLGHOLQHV�LQ�WKLV�DUHD�

• 3%6� OLVWLQJ� IRU�PRGDILQLO�RU� VLPLODU�QRQ�VWLPXODQW�ZDNHIXOQHVV�SURPRWHUV� VKRXOG�QRW�EH�GHQLHG�RQ� WKH

EDVLV�RI�FRVW�EXW�RQO\�LI�WKHUH�DUH�VDIHW\�LVVXHV��7KH�GUXJ�VKRXOG�EH�DSSURYHG�RQO\�IRU�WKH�LQGLFDWLRQ�RI

QDUFROHSV\�DQG�LGLRSDWKLF�K\SHUVRPQROHQFH�LQ�LQGLYLGXDOV�ZKR�FDQQRW�WROHUDWH�QRUPDO�VWLPXODQW�WKHUDS\

RU�LQ�ZKRP�VXFK�WKHUDS\�LV�FRQWUDLQGLFDWHG�

0HGLFR�/HJDO

• 0XFK�EHWWHU�VWDWLVWLFV�RQ�IDOO�DVOHHS�DFFLGHQWV�DUH�QHHGHG��7KLV�ZLOO�LQYROYH�WUDLQLQJ�DW�PDQ\�OHYHOV�RI�WKH

SROLFH�DQG�RWKHU�LQYHVWLJDWLYH�IRUFHV���VRPH�RI�WKHVH�SURJUDPV�DUH�LQ�SURJUHVV�

• )XQGLQJ�RI�D�VHPLQDU�RU�FRQIHUHQFH�EHWZHHQ�WKH�MXGLFLDU\��SROLFH��VFLHQWLVWV�DQG�FOLQFLDQV�WR�DOORZ�FOHDUHU

H[FKDQJH�LQ�WKLV�GLIILFXOW�DUHD�

• $�VLPLODU�DSSURDFK�LQ�GHVFULELQJ�EHWWHU�ILWQHVV�WR�GULYH�JXLGHOLQHV�LQ�SDWLHQWV�ZLWK�VOHHS�GLVRUGHUV

5HVHDUFK�)XQGLQJ

7KH� 1DWLRQDO� ,QVWLWXWH� RI� +HDOWK� DORQH� IXQGV� RYHU� �86���� PLOOLRQ� GROODUV� LQ� VOHHS� UHVHDUFK� DQQXDOO\�� ,
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HVWLPDWH� WKH�1+05&� IXQGV� DERXW� �����RI� WKDW� ILJXUH��7KLV�PHDQV�� SRSXODWLRQ� SURSRUWLRQDOO\�� RXU�PDMRU

PHGLFDO�IXQGLQJ�RUJDQLVDWLRQ�IXQGV�WZHQW\�WLPHV�OHVV�WKDQ�WKH�86�HTXLYDOHQW��7KH�1,+�KDV�LWV�RZQ�FHQWUH�IRU

VOHHS�UHVHDUFK�ZKLFK� IXQGV� VSHFLILF�SURJUDPV�DQG�RUJDQLVHV� VHPLQDUV� DQG�SURPRWHV� WHDFKLQJ�DERXW� IDWLJXH

DQG�VOHHS��,Q�DGLWLRQ�WR�WKLV�WUDQVSRUWDWLRQ�DXWKRULWLHV�KDYH�IXQGHG�D�QXPEHU�RI�ODUJH�UHVHDUFK�SURMHFWV�LQ�WKH

86�

*LYHQ� WKH� HFRQRPLF� FRVW� RI� GULYLQJ� DFFLGHQWV� DORQH� LQ� WKH�$XVWUDOLD� DQG� DGG� WR� WKDW� RWKHU� IDWLJXH� UHODWHG

DFFLGHQWV�LQ�RWKHU�DUHDV�RI�WUDQVSRUWDWLRQ��WKHUH�LV�D�FRPSHOOLQJ�DUJXPHQW�WR�SULRULWLVH�UHVHDUFK�IXQGLQJ�LQ�WKLV

DUHD�� $XVWUDOLD� LV� YHU\� FRPSHWLWLYH� LQWHUQDWLRQDOO\� LQ� VOHHS� UHVHDUFK�� :H� KDYH� DOVR� EHQHILWHG� IURP� WKLV� LQ

FRPPHUFLDOLVDWLRQ� RI� VOHHS� UHVHDUFK� �� IRU� H[DPSOH� WKH� GHYHORSPHQW� RI� &3$3� DW� RXU� LQVWLWXWLRQ� VSDZQHG

5HV0HG�� ZKLFK� LV� QRZ� D� PDMRU� KLJK� WHFK� H[SRUWHU� RI� WKHVH� PDFKLQHV� JOREDOO\�� WKH� GHYHORSPHQW� RI� WKH

&RPSXPHGLFV�VOHHS�PRQLWRULQJ�V\VWHPV�DW�(SZRUWK�+RVSLWDO�KDV�OHDG�WKH�FRPSDQ\�WR�EHLQJ�QDPHG�([SRUWHU

RI�WKH�<HDU�LQ�������,WV�HTXLSPHQW�LV�QRZ�XVHG�E\�1$6$�DQG�WKH�JURXQG�EUHDNLQJ�6OHHS�+HDUW�+HDOWK�VWXG\

LQ�WKH�86$�

)XWXUH� FKDOOHQJHV� LQ� WKH� IDWLJXH� DUHD� ZKLFK� PD\� EH� H[SORLWHG� FRPPHUFLDOO\� LQ� $XVWUDOLD� DUH� PHWKRGV� RI

DVVHVVLQJ�VOHHSLQHVV�LQ�WKH�GRFWRU
V�RIILFH�RU�HYHQ�PHDVXULQJ�VOHHS�IDFWRUV�LQ�EORRG�RU�VDOLYD�DOORZLQJ�REMHFWLYH

TXDQWLILFDWLRQ�RI�ULVN�RI�IDOOLQJ�DVOHHS�

:H�VKRXOG�FRQVLGHU

• 0DNLQJ�VOHHS�DQG�IDWLJXH�UHVHDUFK�D�1+05&�SULRULW\�DUHD�IRU�IXQGLQJ

• (VWDEOLVKLQJ�D�FHQWUH�WR�SURPRWH�VOHHS�DQG�IDWLJXH�UHVHDUFK�RU�SURYLGH�VSHFLILF�IXQGLQJ�IRU�FROODERUDWLYH

QHWZRUNV�LQ�VOHHS�DQG�IDWLJXH�UHVHDUFK
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&XUULFXOXP�9LWDH�RI��$VVRFLDWH�3URIHVVRU�5RQ�*UXQVWHLQ

3URIHVVRU�*UXQVWHLQ�LV�FXUUHQWO\�&OLQLFDO�$VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�0HGLFLQH�8QLYHUVLW\�RI��6\GQH\

DQG�6HQLRU� 6WDII�3K\VLFLDQ� DW� WKH�&HQWUH� IRU�5HVSLUDWRU\�)DLOXUH� DQG�6OHHS�'LVRUGHUV��5R\DO� 3ULQFH�$OIUHG

+RVSLWDO� LQ� 6\GQH\�� � +H� LV� DOVR� D� FRQVXOWDQW� WR� WKH� 6OHHS� 'LVRUGHUV� 6HUYLFH� DW� 6W� 9LQFHQW·V� +HDOWK� &DUH

&DPSXV�LQ�6\GQH\�

3URIHVVRU� *UXQVWHLQ� ILUVW� GHYHORSHG� KLV� LQWHUHVW� LQ� VOHHS� UHVHDUFK� DV� D� PHGLFDO� VWXGHQW� RQ� DQ� RYHUVHDV

DWWDFKPHQW�DW�6WDQIRUG�8QLYHUVLW\��6XEVHTXHQWO\�KH� WUDLQHG�DW�5R\DO�3ULQFH�$OIUHG�+RVSLWDO�ZLWK�3URIHVVRU

&ROLQ�6XOOLYDQ�DQG�FRPSOHWHG�KLV�0'�GHJUHH�E\�WKHVLV�DW�WKH�8QLYHUVLW\�RI�6\GQH\�DQG�VXEVHTXHQWO\�D�3K'�DW

WKH�8QLYHUVLW\�RI�*RWKHQEXUJ�LQ�6ZHGHQ�

+H� KDV� EHHQ� LQYROYHG� LQ� FOLQLFDO� VOHHS�PHGLFLQH� DQG� VOHHS� UHVHDUFK� LQ�$XVWUDOLD� IRU� WKH� SDVW� ��� \HDUV��'U

*UXQVWHLQ�ZDV�DSSRLQWHG�WR�WKH�ILUVW�$XVWUDOLDQ�KRVSLWDO�VWDII�SRVLWLRQ�LQ�VOHHS�GLVRUGHUV�LQ������DW�WKH�5R\DO

3ULQFH�$OIUHG�+RVSLWDO�DQG�KDV�EHHQ�DFWLYHO\�LQYROYHG�LQ�GHYHORSLQJ�WKH�ILHOG�RI�VOHHS�PHGLFLQH�LQ�$XVWUDOLD�

,Q� ������ KH� ZRUNHG� ZLWK� WKH� 'HSDUWPHQW� RI� +HDOWK� WR� HVWDEOLVK� PHGLFDO� EHQHILWV� IRU� VOHHS� LQYHVWLJDWLRQ

VWXGLHV��0RUH�UHFHQWO\��KH�KDV�EHHQ�LQYROYHG�LQ��PDLQWDLQLQJ�SURIHVVLRQDO�VWDQGDUGV�LQ�VOHHS�LQYHVWLJDWLRQ�E\

WKH�VOHHS�PHGLFLQH�SUDFWLWLRQHU�FUHGHQWLDOOLQJ�SURFHVV�ZRUNLQJ�ZLWK�WKH�'HSDUWPHQW�RI�+HDOWK�

$V�3UHVLGHQW�RI� WKH�$XVWUDODVLDQ�6OHHS�$VVRFLDWLRQ��'U�*UXQVWHLQ� UHSUHVHQWHG�$XVWUDOLDQ� UHVHDUFKHUV�DW� WKH

V\PSRVLXP�RQ�´:RUNLQJ�+RXUV�DQG�6OHHSLQHVVµ�DW�WKH�.DUROLQVND�,QVWLWXWH��7KLV�V\PSRVLXP�HPSKDVLVHG�WKH

LPSRUWDQFH�RI�SURSHU�VOHHS�OHQJWK�DQG�TXDOLW\�DQG�OLPLWDWLRQ�RI�ZRUNLQJ�KRXUV�DV�LPSRUWDQW�FRPSRQHQWV�RI

DQ\� ZRUN� SUDFWLFH� UHJXODWLRQV�� 6XEVHTXHQWO\�� KH� ZDV� LQYROYHG� LQ� D� FDPSDLJQ� WR� SUHYHQW� OLEHUDOLVDWLRQ� RI

ZRUNLQJ�KRXUV�LQ�WKH�WUDQVSRUW�LQGXVWU\�LQ�WKH�(DVWHUQ�VWDWHV��3URIHVVRU�*UXQVWHLQ�DOVR�FR�RUGLQDWHV�WKH�VOHHS

HGXFDWLRQ� FRPSRQHQW� DW� WKH� 8QLYHUVLW\� RI� 6\GQH\� JUDGXDWH� PHGLFDO� SURJUDPPH� ZKLFK� LQFOXGHV� VRPH

LQQRYDWLRQV�LQ�WHDFKLQJ�SURVSHFWLYH�GRFWRUV�DERXW�RFFXSDWLRQDO�ULVNV�RI�IDWLJXH�LQ�WKH�ZRUNSODFH�

3URIHVVRU� *UXQVWHLQ� LV� FXUUHQWO\� (GXFDWLRQ� &KDLU� DQG� PHPEHU� RI� WKH� *RYHUQLQJ� &RXQFLO� RI� WKH� :RUOG

)HGHUDWLRQ�RI�6OHHS�5HVHDUFK�6RFLHWLHV��,Q�WKLV�UROH��KH� LV�QRZ�LQYROYHG�LQ�D�PDMRU�WDVN�IRUFH�ZLWK�:�+�2�

DLPHG�DW�UHGXFLQJ�WKH�LQFLGHQFH�RI�VOHHS�GLVRUGHUV�LPSDFWLQJ�RQ�PHQWDO�KHDOWK�

3URIHVVRU� *UXQVWHLQ� KDV� EHHQ� D� FR�LQYHVWLJDWRU� RQ� �� 1+05&� IXQGHG� VOHHS� UHVHDUFK� JUDQWV� DV� ZHOO� DV

UHFHLYLQJ�IXQGLQJ�IURP�D�ZLGH�UDQJH�RI�IXQGLQJ�VRXUFHV��+H�KDV�ZULWWHQ�RYHU����SHHU�UHYLHZHG�SDSHUV�DQG���

ERRN� FKDSWHUV� RQ�YDULRXV� DVSHFWV� RI� VOHHS� UHVHDUFK�� ,Q� ��������� KH� UHFHLYHG� D�1DWLRQDO�+HDUW�)RXQGDWLRQ
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7UDYHOOLQJ�*UDQW�WR�XQGHUWDNH�UHVHDUFK�DW�WKH�'HSDUWPHQW�RI�3KDUPDFRORJ\��8QLYHUVLW\�RI�*RWKHQEXUJ��+H

KDV�D�VWURQJ�LQWHUHVW�LQ�WKH�DSSOLHG�DVSHFWV�RI�UHVHDUFK�DQG�ZLWK�3URIHVVRU�&ROLQ�6XOOLYDQ�DQG�FROOHDJXHV�DW�WKH

5R\DO� 3ULQFH� $OIUHG� +RVSLWDO� KDV� EHHQ� LQYROYHG� LQ� WKH� GHYHORSPHQW� RI� WKH� 6\GQH\� EDVHG� WHFKQRORJ\

FRPSDQ\��5HV0HG�ZKLFK�LV�QRZ�D�PDMRU�JOREDO�IRUFH�LQ�PDQXIDFWXULQJ�PHGLFDO�SURGXFWV�IRU�VOHHS�GLVRUGHUV�

&XUUHQWO\�� KH� LV� LQYROYHG� LQ� D� SURMHFW� WR� GHYHORS� RIILFH� EDVHG� WRROV� IRU� WKH� DVVHVVPHQW� RI� VOHHSLQHVV�� LQ

SDUWLFXODU�GULYLQJ�SHUIRUPDQFH��&XUUHQW�UHVHDUFK�LQWHUHVWV�LQFOXGH�SUHYDOHQFH�RI�VOHHS�DSQHD�LQ�WUXFN�GULYHUV�

HIIHFWV�RI�VOHHS�DSQHD�RQ�WKH�EUDLQ��QHZ�PRGHV�RI�WKHUDS\�IRU�VOHHS�DSQHD�DQG�WKH�HIIHFWV�RI�WUDIILF�QRLVH�RQ

VOHHS�


