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6WURNHV� DUH� DPRQJ� WKH� OHDGLQJ� FD�VHV� RI� DG�OW�
GLVDELOLW��� +HPLSOHJLD� LV� SUHVHQW� LQ� ������� RI�

the��rst�stroke�cases.�

6HYHUDO� FDVH� FRQWURO� VW�GLHV� ZLWK� LVFKHPLF�
VWURNH�SDWLHQWV�KDYH�UHYHDOHG�WKDW�UHFHQW�LQIHFWLRQV�
DUH� D� SRWHQWLDO� ULVN� IDFWRU� IRU� LVFKHPLF� VWURNH����
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There� is� emerging� evidence� that� in�ammatory�
SURFHVVHV� KDYH� D� UROH� LQ� FHUHEUDO� LVFKHPLD���

,VFKHPLF�EUDLQ�GDPDJH�FD�VHG�E��DUWHU��EORFNDJH�
is�characterised�by�immediate�local�in�ammation�
and� increases� in� in�ammatory� cytokine� levels�
in� human� bodily� �uids.� Elevated� CRP� also�
SUHGLFWV� GHDWK� LQ� 0,� SDWLHQWV� DQG� LV� D� EHWWHU�
SUHGLFWRU�RI�SURJQRVLV� WKDQ�SHDN�FUHDWLQH�NLQDVH�
LI� WKURPERO�WLF� PHGLFDWLRQV� KDYH� EHHQ� �VHG��
&OLQLFDO� GDWD� RQ� &53� DQG� SURJQRVLV� IROORZLQJ�
LVFKHPLF� VWURNH� DUH� OLPLWHG�� PDQ�� LQGLYLG�DOV�
ZLWK�HOHYDWHG�&53�OHYHOV�ZLWKLQ����KR�UV�RI�VWURNH�
KDYH� DQ� LQFUHDVHG� ULVN� RI� GHDWK�� SDUWLF�ODUO��
FDUGLRYDVF�ODU�PRUWDOLW���

Stroke�happens�when�the�brain’s�blood��ow�is�
UHVWULFWHG��FD�VLQJ�FHOO�GHDWK��,�7KH�:RUOG�+HDOWK�
Organisation� de�nes� stroke� as� a� “neurological�
de�cit� of� cerebrovascular� cause� that� persists�
EH�RQG����KR�UV�RU�LV�LQWHUU�SWHG�E��GHDWK�ZLWKLQ�
���KR�UVµ�7KHUH�DUH�WZR�W�SHV�RI�VWURNHV��LVFKHPLF�
(due� to� a� lack� of� blood� �ow)� and� hemorrhagic�
�UHODWHG� WR� EOHHGLQJ��� ERWK� RI� ZKLFK� FD�VH� SDUW�
RI� WKH� EUDLQ� WR� I�QFWLRQ� LPSURSHUO��� �� VWURNH�V�
VLJQV� DQG� V�PSWRPV� FDQ� LQFO�GH� ORVV� RI� YLVLRQ��
PRYHPHQW� RU� VHQVDWLRQ�� WKH� VHQVDWLRQ� WKDW� WKH�
world� is� spinning,� and� dif�culty� understanding�
RU� FRPP�QLFDWLQJ��� ,Q� ������ DSSUR[LPDWHO�� ����
PLOOLRQ� SHRSOH� V�IIHUHG� KHPRUUKDJLF� VWURNHV��
ZKHUHDV�����PLOOLRQ�H[SHULHQFHG�LVFKHPLF�VWURNHV��
�ER�W����PLOOLRQ�SHRSOH�ZKR�KDG�V�IIHUHG�D�VWURNH�
LQ� ����� ZHUH� VWLOO� DOLYH�� 6WURNH� ZDV� WKH� VHFRQG�
OHDGLQJ� FD�VH� RI� PRUWDOLW�� LQ� ������ IROORZLQJ�
DWKHURVFOHURWLF� &�'�� DFFR�QWLQJ� IRU� ���� PLOOLRQ�
GHDWKV��

�OWKR�JK�+LJK�6HQVLWLYH�&53�KDV�EHHQ�VKRZQ�
WR� EH� SUHGLFWLYH� LQ� SHUVRQV�ZLWK� DF�WH� FRURQDU��
V�QGURPHV�� LWV� PRVW� SURPLVLQJ� DSSOLFDWLRQ� LV�
LQ� SULPDU�� SUHYHQWLRQ�� +LJK� VHQVLWLYH�&53�
OHYHOV� PD�� LQGLFDWH� ORZ�JUDGH� FKURQLF� V�VWHPLF�
in�ammation� and� contribute� directly� to�
DWKHURVFOHURVLV��

&53�KDV�EHHQ�UHFRJQLVHG�DV�D�NH��LQGLFDWRU�RI�
HQGRWKHOLDO�G�VI�QFWLRQ�DQG�I�W�UH�&9'�ULVN��&53�
KDV� HPHUJHG�DV� D� �VHI�O� ELRPDUNHU� IRU� YDVF�ODU�
in�ammation�associated�with�atherosclerosis,�and�
LW�PD��GLUHFWO��SURPRWH�DWKHURVFOHURWLF�SURFHVVHV��

5DLVHG� 6HUXP� +V�&53�� It� will� be� de�ned� as�
VHU�P�+V�&53�PRUH� WKDQ� ����PJ�/�GHWHUPLQHG�
E�� ODERUDWRU��� �7HFKQLFLDQ� KDYLQJ� H[SHULHQFH� RI�
PRUH�WKDQ�����UV��

+�SRWKHVLV��5DLVHG�KLJK�VHQVLWLYLW��&�UHDFWLYH�
SURWHLQ� �+V�&53�� LV� DVVRFLDWHG� ZLWK� LVFKHPLF�
VWURNH�

0(7+2�6

7KH� SUHVHQW� VW�G�� ZDV� FDUULHG� R�W� LQ� WKH�
'HSDUWPHQW� RI� SK�VLRWKHUDS�� DQG� &HQWUDO�
,QYHVWLJDWLRQ� /DERUDWRU�� LQ� FROODERUDWLRQ� ZLWK�
WKH� 'HSDUWPHQW� RI� %LRFKHPLVWU��� 7KH� VW�G�� ZDV�
DSSURYHG� E�� ,QVWLW�WLRQDO� (WKLFDO� DQG� 5HVHDUFK�
&RPPLWWHH� WR��VH�K�PDQ� V�EMHFWV� LQ� WKH� UHVHDUFK�
VW�G��� ,QIRUPHG� FRQVHQW� ZDV� WDNHQ� IURP� SDWLHQW�
DQG�FRQWURO�V�EMHFWV��7KH�VW�G��ZDV�FRQG�FWHG�IURP�
-�QH������WR�0DUFK�������7KH�6WURNHV�SDWLHQWV�DQG�
KHDOWK��FRQWUROV� V�EMHFW�SDUWLFLSDWHG� LQ� WKH�VW�G���
:LWK� WKH� KHOS� RI� :+2� VDPSOH� VL]H� FDOF�ODWRU��
IROORZLQJ�DUH�WKH�FDOF�ODWLRQV�

Level�of�signi�cance�=�5%

3RZHU�RI�WHVW� ����

�QWLFLSDWHG�SRS�ODWLRQ�SURSRUWLRQ� �������

�QWLFLSDWHG�SRS�ODWLRQ�SURSRUWLRQ� ������

6DPSOH�6L]H� �Q ���SDWLHQWV� LQ�HDFK�JUR�S��L�H��
WRWDO�����SDWLHQWV��

,QFOXVLRQ�&ULWHULD���JH�PDWFKHG�QRUPDO�KHDOWK��
V�EMHFWV� ZLWKR�W� DQ�� PDMRU� LOOQHVV� EHORQJLQJ� WR�
WKH�VDPH�VRFLR�HFRQRPLF�VWDW�V�ZLWK�QRUPDO�+LJK�
6HQVLWLYH�&53� SDUDPHWHUV� ZHUH� FRQVLGHUHG� DV�
FRQWUROV���

��� �JH����������HDUV�

��� %RWK�*HQGHUV

��� Patients� with� �rst� acute� ischemic� stroke�
according� to� operational� de�nition�
�GHWHUPLQHG�E��KLVWRU��DQG�&7�VFDQ�UHSRUWHG�
E��+2'�5DGLRORJ��'HSDUWPHQW��

��� &RQWUROV�ZHUH�SDWLHQWV�IURP�ZDUGV�DGPLWWHG�
IRU� RWKHU� GLVHDVHV� PDWFKHG� E�� DJH� DQG�
JHQGHU�

(�FOXVLRQ�FULWHULD��

��� 5HFHQW� V�UJHU�� RU� WUD�PD� GHWHUPLQHG� E��
KLVWRU��

��� �Q�� OLYHU� GLVHDVH� GHWHUPLQHG� E�� DEQRUPDO�
DODQLQH�DPLQRWUDQVIHUDVH�

��� 3DWLHQW�ZLWK�D�WRLPP�QH�GLVHDVH�U�OHG�R�W�
ZLWK�KHOS�RI�DQWLQ�FOHDU�DQWLERG��

��� +LVWRU��IHYHU�

��� 3DWLHQWV�ZLWK�FKURQLF�NLGQH��GLVHDVH�

��� 3DWLHQWV�ZLWK�KLVWRU��RI�SUHYLR�V�VWURNH�

��� &RQWUROV�ZLWK�KLVWRU��RI�&DUGLDF�GLVHDVH�

�DWD� FROOHFWLRQ� SURFHGXUH�� ,VFKHPLF� VWURNH�
SUHVHQWLQJ� WR� R�WGRRU�� LQGRRU� DQG� HPHUJHQF��
GHSDUWPHQW� RI� 6DWLVK� &KDQGUD� 3DQGH�� 0HPRULDO�
KRVSLWDO���6&30��JRQGD�ZDV�RIIHUHG�WR�EH�HQUROOHG�
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LQ� WKH� VW�G��� �IWHU� H[SODLQLQJ� WKH� S�USRVH� RI�
VW�G��� LQIRUPHG�FRQVHQW�ZDV� WDNHQ� IURP�SDWLHQWV��
�IWHU�PDWFKLQJ� IRU�DJH�DQG�JHQGHU��FRQWUROV�ZHUH�
HQUROOHG�SUHIHUDEO��WKH�SDWLHQWV�ZLWK�RWKHU�GLVHDVHV�
DGPLWWHG�LQ�ZDUGV��&7�VFDQ�RI�EUDLQ�ZDV�SHUIRUPHG�
and� diagnosis� con�rmed.� Blood� samples� were�
ZLWKGUDZQ�IURP�FDVHV�DW�WKH�WLPH�RI�SUHVHQWDWLRQ�LQ�
HPHUJHQF���6HU�P�+V�&53�OHYHOV�ZHUH�PHDV�UHG��
'DWD� ZDV� FROOHFWHG� LQ� D� SUHGHVLJQHG� 3URIRUPD�
FRQWDLQLQJ� EDFNJUR�QG� LQIRUPDWLRQ� OLNH� DJH�� VH[�
DQG�+V�&53�OHYHO�

6WDWLVWLFDO�DQDO�VLV�

0HDQ�DQG�VWDQGDUG�GHYLDWLRQ�ZHUH�ZRUNHG�R�W�
IRU� HVWLPDWLQJ� WKH� OHYHOV� RI� VHU�P� KLJK� VHQVLWLYH�
&�UHDFWLYH� SURWHLQ� �KV�&53�� LQ� SDWLHQWV� RI� VWURNH�
DQG� DJH� PDWFKHG� FRQWUROV�� ,Q� RUGHU� WR� FRPSDUH�
WKHVH� SDUDPHWHUV� EHWZHHQ� SDWLHQWV� DQG� FRQWUROV��
VW�GHQW�V� W�WHVW� ZDV� DSSOLHG� DQG� WKH� UHV�OWV�ZHUH�
SUHVHQWHG�LQ�WDE�ODU�DQG�JUDSKLFDO�SUHVHQWDWLRQ�

8VLQJ� WKH� VW�GHQW�V� ��WHVW� YDO�HV�� WKH� ¶S�� YDO�HV�
�SUREDELOLW�� YDO�HV�� ZHUH� REWDLQHG�� �S�� YDO�H� OHVV�
than�0.05�was�considered�as�signi�cant.

5(68/76

7DEOH����'LVWULE�WLRQ�RI�SDWLHQWV�DFFRUGLQJ�WR�JHQGHU�

�HQGHU�
&DVH &RQWURO

1R� � 1R� �

0DOH� �� ��� �� ���

)HPDOH� �� ��� �� ���

7RWDO� �� ���� �� ����

7DEOH����3UHVHQW�VW�G��FRPSULVH�RI����FDVHV�DQG�
��� FRQWUROV���PRQJ� FDVHV�� ���ZHUH�PDOH� ������� ��
ZHUH�IHPDOH��������2�W�RI����FRQWUROV����ZHUH�PDOH�
������DQG����ZHUH�IHPDOH�������

7DEOH������JH�JUR�S�PHDQ�YDO�H�RI�FDVH���FRQWURO�

&DVH &RQWURO
S�YDOXH

0HDQ���6� 0HDQ���6�

�JH���HDUV�� ������“����� ������“������ S������

7DEOH� ��� 7KH� PHDQ� DJH� RI� FDVHV� DQG� FRQWUROV�
ZHUH� ������ “� ����� �HDUV� DQG� ������ “� ������ �HDUV�
UHVSHFWLYHO���7KLV�LV�statistically�signi�cant�

7DEOH�����JH�DQG�VH[�ZLVH�GLVWULE�WLRQ�

�JH�LQ�
�HDUV

&DVHV�JURXS��Q ��� &RQWURO�JURXS��Q ���

PDOH )HPDOH 0DOH )HPDOH

1R����� 1R����� 1R����� 1R�����

����� ������� ������ ������� ������

����� �������� ������� �������� ������

����� �������� ������ �������� �������

�����DERYH� ������� ������ �������� ������

7RWDO� �������� �������� �������� ����������

7DEOH����7KH�PRVW�PHQ����������ZHUH�LQ�WKH�DJH�
JUR�SV��������HDUV��IROORZHG�E�����������LQ�WKH�DJH�
JUR�SV��������HDUV��DQG���������LQ�WKH�DJH�JUR�SV�
RYHU� ��� �HDUV�� 7KH�PDMRULW�� RI� WKH�PDOHV� LQ� WKH� ��
�����FDVH�JUR�S�ZHUH�EHWZHHQ� WKH�DJHV�RI����DQG�
����,Q�VRPH�FDVHV����������RI�WKH�IHPDOHV�ZHUH�������
�HDUV�ROG�� IROORZHG�E���� ����� IHPDOHV��������HDUV�
ROG��:KLOH��������RI�IHPDOHV�ZHUH�EHWZHHQ�WKH�DJHV�
RI� ��� DQG����� DQG� �� �����ZHUH�RYHU� WKH� DJH�RI� ���
�HDUV�

7DEOH����5LVN�)DFWRUV�IRU�6WURNH��Q ���

&KDUDFWHULVWLFV 1XPEHU�RI�SDWLHQWV� 3HUFHQWDJH

+�SHUWHQVLRQ �� ����

'LDEHWHV�PHOOLW�V �� ����

6PRNLQJ � ����

�OFRKROLVP � ����

7RWDO �� �������

7DEOH����,Q�WKH�SUHVHQW�VW�G���R�W�RI����VWURNHV�
FDVHV����������KDG�K�SHUWHQVLRQ��GLDEHWHV�PHOOLW�V��
VPRNLQJ�DQG��OFRKROLVP�KDELW��0D[LP�P�L�H�����
FDVHV�������KDG�K�SHUWHQVLRQ�IROORZHG�E��GLDEHWHV�
���FDVHV�������VPRNLQJ���FDVHV��������OFRKROLVP�
��FDVH����������FDVHV�������KDG�QR�K�SHUWHQVLRQ��
GLDEHWHV�PHOOLW�V��VPRNLQJ�DQG��OFRKROLVP�KDELW�

7DEOH� ��� 0RUWDOLW�� RI� SDWLHQWV� DFFRUGLQJ� WR� LQLWLDO� ��K� FDVH�
JUR�SV�

0RUWDOLW��&DVH��URXS 1R��RI�3DWLHQWV 3HUFHQWDJH

'HDWK� � ���

6�UYLYHG� �� ���

7RWDO� �� ���

7DEOH����,Q�WKH�SUHVHQW�VW�G���ZH�IR�QG�WKDW�����
SDWLHQWV�GLHG�LQ�FDVH�JUR�S�DQG�����V�UYLYHG�WKH�
LQLWLDO����KR�UV�

����������RP�����R��R������P�����������������������������R���������
��3�������������R���������R���R����R���

6HUXP�KV�&53 0HDQ 6� W�YDOXH S�YDOXH

6WURNHV�3DWLHQWV ���� ���� � ������ S�����

&RQWURO� ���� ���� � ����� S�����

�V� VKRZQ� LQ� WDEOH� 1R�� ��� PHDQ� VHU�P� KLJK�
VHQVLWLYH�&�UHDFWLYH�SURWHLQ�LQ�VWURNHV�FDVHV������“�
�����PJ�GO�ZKLFK�ZDV�KLJKHU�WKDQ�FRQWUROV�JUR�S�
�����“������PJ�GO��&RPSDULVRQ�EHWZHHQ�FRQWURO�DQG�
VHU�P�KLJK�VHQVLWLYH�&�UHDFWLYH�SURWHLQ�RQ�VWURNHV�



�2�-�����O�P�����1�P������������O���-��������

�� �Q�M�.�PDU�'ZLYHGL��6ZDWL�6KDUPD��%LR�PDUNHUV�RI�6HU�P�+LJK�6HQVLWLYH�&�UHDFWLYH�3URWHLQ�LQ��
3DWLHQWV�RI�6WURNHV

cases�was� found� to�be�more� signi�cant.�Unpaired�
t-test� showed� that� there� was� signi�cant� increase�
LQ�VHU�P�KLJK�VHQVLWLYH�&�UHDFWLYH�SURWHLQ�OHYHO�LQ�
FDVHV�DV�FRPSDUHG�WR�FRQWUROV�

�,6&866,21

&HUHEURYDVF�ODU� GLVHDVH� LV� WKH� VHFRQG� PRVW�
FRPPRQ� FD�VH�RI�GHDWK�ZRUOGZLGH��0DOH� JHQGHU�
and� older� age� are� non-modi�able� risk� factors,�
ZKHUHDV�� VPRNLQJ�� K�SHUWHQVLRQ� DQG� GLDEHWHV� DUH�
well-known� modi�able� risk� factors� for� ischemic�
VWURNH�� &53�� RQH� RI� WKH� DF�WH� SKDVH� UHDFWDQWV�� LV�
an� indicator�of�underlying� systemic� in�ammation�
DQG� D� QRYHO� SODVPD� PDUNHU� RI� DWKHURWKURPERWLF�
GLVHDVH������

�V�VKRZQ�LQ�7DEOH���3UHVHQW�VW�G��FRPSULVH�RI����
FDVHV�DQG����FRQWUROV���PRQJ�FDVHV�����ZHUH�PDOH�
���������ZHUH� IHPDOH� �������2�W�RI����FRQWUROV����
ZHUH�PDOH�������DQG����ZHUH�IHPDOH��������7DEOH�
���7KH�PHDQ�DJH�RI�FDVHV�DQG�FRQWUROV�ZHUH�������“�
������HDUV�DQG�������“��������HDUV�UHVSHFWLYHO���7KLV�
LV�statistically�signi�cant��2�U�UHV�OW�FRUUHODWHG�ZHOO�
with��nding�showed�by�Nair�SJ.�(2022),���&KD�GK�UL�
-5����������

�V�VKRZQ�LQ�7DEOH����7KH�PRVW�PHQ����������ZHUH�
LQ�WKH�DJH�JUR�SV��������HDUV��IROORZHG�E�����������
LQ�WKH�DJH�JUR�SV��������HDUV��DQG���������LQ�WKH�DJH�
JUR�SV�RYHU�����HDUV��7KH�PDMRULW��RI�WKH�PDOHV�LQ�
WKH��������FDVH�JUR�S�ZHUH�EHWZHHQ�WKH�DJHV�RI����
DQG�����,Q�VRPH�FDVHV����������RI�WKH�IHPDOHV�ZHUH�
�������HDUV� ROG�� IROORZHG�E���� ����� IHPDOHV�������
�HDUV�ROG��:KLOH�������RI�IHPDOHV�ZHUH�EHWZHHQ�WKH�
DJHV�RI����DQG�����DQG��������ZHUH�RYHU�WKH�DJH�RI�
71� years.� Our� result� correlated� well� with� �nding�
VKRZHG�E��1DLU�6-�����������

�V� VKRZQ� LQ� 7DEOH� ��� :H� REVHUYHG� WKDW� WKH�
F�UUHQW�VW�G��R�W�RI����VWURNHV�FDVHV����������KDG�
K�SHUWHQVLRQ�� GLDEHWHV� PHOOLW�V�� VPRNLQJ� DQG�
�OFRKROLVP� KDELW�� 0D[LP�P� L�H�� ��� FDVHV� ������
KDG� K�SHUWHQVLRQ� IROORZHG� E�� GLDEHWHV� ��� FDVHV�
������ VPRNLQJ� �� FDVHV� ������ �OFRKROLVP� �� FDVH�
���������FDVHV�������KDG�QR�K�SHUWHQVLRQ��GLDEHWHV�
PHOOLW�V��VPRNLQJ�DQG��OFRKROLVP�KDELW��2�U�UHV�OW�
correlated�well�with��nding�showed�by��QZDU�5��
���������� 1DLU� 6-�� ���������� &KD�GK�UL� -5� ����������
1DSROL�0'���������

7DEOH����,Q�WKH�SUHVHQW�VW�G���ZH�IR�QG�WKDW�����
SDWLHQWV� GLHG� LQ� FDVH� JUR�S� DQG� ���� V�UYLYHG��
Our�result�correlated�well�with��nding�showed�by�
1DLU� 6-�� ����������%KDLVDUH� 6� '�� HW� DO� ����������:KR�
REVHUYHG�KLJK�&53�LQ�ERWK�LQWUDFUDQLDO���������DQG�
H[WUD�FUDQLDO�ODUJH�DUWHU��DWKHURVFOHURVLV�����������

�V� VKRZQ� LQ� WDEOH� ��� WKH� PHDQ� VHU�P� KLJK�
VHQVLWLYH�&�UHDFWLYH�SURWHLQ�LQ�WKH�FDVH�JUR�S�ZDV�
�����“�����PJ�GO��ZKLOH�LQ�WKH�FRQWURO�JUR�S�LW�ZDV�
�����“������PJ�GO��7KH�S�YDO�H�ZDV��������7KHUH�ZDV�D�
signi�cant�difference�between�these�groups�(p�value�
<�0.05).�There�was�a�signi�cant�difference�in�these�
JUR�SV�DV�S�YDO�H�ZDV��������2�U�UHV�OW�FRUUHODWHG�
well� with� �nding� showed� by� Nair� SJ.� (2022),���

&KD�GKDUL� -�5�HW�DO�������������&53��DQ�DF�WH�SKDVH�
SURWHLQ� V�QWKHVLVHG�E��KHSDWRF�WHV�� LV� UHOHDVHG� LQ�
the�blood�stream�in�response�to�in�ammation�and�
WLVV�H� GDPDJH�� &53� VWLP�ODWHV� WKH� HQGRWKHOLDO�
FHOOV�WR�SURG�FH�YDULR�V�DGKHVLRQ�PROHF�OHV��V�FK�
DV� LQWUDFHOO�ODU�DGKHVLRQ�PROHF�OH���� YDVF�ODU� FHOO�
DGKHVLRQ�PROHF�OH�����

&21&/86,21

7KLV�VW�G��IR�QG�WKDW�KLJK�OHYHOV�RI�+V�&53�DUH�
SUHVHQW� LQ� DOO� VWURNH� V�EW�SHV� DQG� LQGHSHQGHQWO��
OLQNHG� WR�PDMRU� DUWHU�� DWKHURVFOHURVLV� DQG� FDUGLR�
HPEROLF�VWURNH��7KH�DQDO�VLV�RI�VHU�P�KLJK�VHQVLWLYH�
&�UHDFWLYH� SURWHLQ� LQ� VHU�P� SOD�V� DQ� LPSRUWDQW�
UROH� LQ� WKH�GLDJQRVWLF�PDUNHU�DQG�PDQDJHPHQW�RI�
LVFKHPLF�VWURNHV�

)LQDQFLDO�VXSSRUW�DQG�VSRQVRUVKLS��1LO

Con�icts� of� interest:� There� are� no� con�icts� of�
LQWHUHVW�

5()(5(1&(6

��� 'RENLQ�%+��6WUDWHJLHV�IRU�VWURNH�UHKDELOLWDWLRQ��
/D��H��1H�URO�����������������������GRL���������
6���������������������

��� %RYD� ,<�� %RUQVWHLQ� 10�� .RUF]�Q� �'�� �F�WH�
LQIHFWLRQ� DV� D� ULVN� IDFWRU� IRU� LVFKHPLF� VWURNH��
��URNH���������������������

��� 'LUQDJO� 8�� ,DGHFROD� &�� 0RVNRZLW]� 0���
3DWKRELRORJ��RI�LVFKDHPLF�VWURNH��DQ�LQWHJUDWHG�
YLHZ���UH�GV�1H�URV�L������������������

��� 1DSROL�0'��3DSD�)��%RFROD�9�HW�DO��&�5HDFWLYH�
3URWHLQ� LQ� ,VFKHPLF� 6WURNH� �Q� ,QGHSHQGHQW�
3URJQRVWLF�)DFWRU���URNH�������������������

��� �QZDU�5��+DLGHU�66���QZDU�6��HW�DO����VVRFLDWLRQ�
EHWZHHQ� +LJK� VHQVLWLYLW�� &53� DQG� ,VFKDHPLF�
VWURNH�����FDVH�FRQWURO�VW�G���3�-�0�+�6��������
����������������

��� 9RV�7�� %DUEDU�50�� %HOO�%�� %HUWR]]L�YLOOD����
%LU��NRY�6�� %ROOLJHU�,�� HW� DO�� *OREDO�� UHJLRQDO�
DQG� QDWLRQDO� LQFLGHQFH�� SUHYDOHQFH� DQG�
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�HDUV� OLYHG� ZLWK� GLVDELOLW�� IRH� ���� DF�WH� DQG�
FKURQLF�GLVHDVHV� DQG� LQM�ULHV� LQ�����FR�QWULHV��
�����������D�V�VWHPDWLF�DQDO�VLV�IRU�WKH�*OREDO�
E�UGHQ� RI� GLVHDVH� VW�G�� ������ 7KH� /DQFHW�
�����������������

��� 7KDN�U� 6�� *�SWD� 6�� 3DUFKZDQL� +�� 6KDK� 9��
<DGDY� 9�� +V�&53� �� D� SRWHQWLDO� PDUNHU� IRU�
FRURQDU��KHDUW�GLVHDVH�,QG�-�RI�)�QGD��SSOLHG�
/LIH�6FL���������������

��� 6LQJK� 5.�� 6KDUPD� 6�� 6DEKDUZDO� 5.���
�(YDO�DWLRQ� RI� SDWLHQWV� ZLWK� DF�WH� FKHVW�
SDLQ� ZLWK� PLFURDOE�PLQ�ULD� DQG� &�� UHDFWLYH�
SURWHLQ�µ�:RUOG�+HDUW�-���������������������

��� &KD�GK�UL� -5�� 0ULG�OD� .5��8PDPDKHVK�
0�� 6ZDWKL� ��� %DODUDM�� %�� %DQGDU�� 9&��
+LJK� VHQVLWLYLW��&�UHDFWLYH� SURWHLQ� OHYHOV�
LQ��F�WH�,VFKHPLF�6WURNH�DQG�V�EW�SHV����
VW�G�� IURP�D� WHUWLDU�� FDUH� FHQWHU�� ,UDQLDQ�
MR�UQDO�RI�QH�URORJ�����������������

���� �QZDU� 5�� +DLGHU� 66�� �QZDU� 6�� HW� DO���
�VVRFLDWLRQ� EHWZHHQ� +LJK� VHQVLWLYLW��
&53�DQG�,VFKDHPLF�VWURNH�����FDVH�FRQWURO�
VW�G��3�-�0�+�6�������������������������

���� 1DLU� 6-�� 3LSOLZDO� 36�� N�PDZDW*.�HW� DO���
6W�G�� RI� +LJK� 6HQVLWLYLW�� &� 5HDFWLYH�
3URWHLQ�LQ��F�WH�,VFKHPLF6WURNH��,QWHUQDW��
-��3KDUP��&OLQ��5HV�����������������������

���� :LOVRQ� 3:�� 0HWDEROLF� ULVN� IDFWRUV� IRU�
FRURQDU�� KHDUW� GLVHDVH�� &�UUHQW� DQG�
I�W�UH� SURVSHFWV�� &�UU2SLQ&DUGLRO� ������
����������

���� 5LGNHU� 30�� (YDO�DWLQJ� QRYHO�
FDUGLRYDVF�ODU� ULVN� IDFWRUV�� &DQ�ZHEHWWHU�
SUHGLFW� KHDUW� DWWDFNV�� �QQ� ,QWHUQ� 0HG�
����������������

���� %KDLVDUH�6�'��-RJ���6��5DR���.��.RODSNDU�
+� 8�� +LJK� 6HQVLWLYLW�� &5HDFWLYH� 3URWHLQ�
/HYHO� LQ��F�WH�&HUHEURYDVF�ODU��FFLGHQW�
�6WURNH�� DW� D� 7HUWLDU�� &DUH� &HQWUH�� -��
(YRO�WLRQ� 0HG�� 'HQW�� 6FL� �������� �������
���������

���� .KDQ������7LGPDQ�'��0��0���6KDNLU��'��6�����
'DUPDO�'��,��%UHDVW�&DQFHU�LQ��IJKDQLVWDQ��
,VV�HV��%DUULHUV��DQG�,QFLGHQFH��-R�UQDO�RI�
0HGLFDO� 5HVHDUFK� DQG� +HDOWK� 6FLHQFHV��
���������������������

���� &KD�GK�UL�-�5��0ULG�OD�.�5��8PDPDKHVK�
0��6ZDWKL����%DODUDM��%��%DQGDU��9�&�6��
+LJK� VHQVLWLYLW�� &UHDFWLYH� SURWHLQ� OHYHOV�
LQ��F�WH�,VFKHPLF�6WURNH�DQG�V�EW�SHV����
VW�G�� IURP�D� WHUWLDU�� FDUH� FHQWHU�� ,UDQLDQ�
-R�UQDO�RI�1H�URORJ�����������������������

���� 6DEDWLQH�06��0RUURZ�'��� -DEORQVNL�.���
5LFH�00��:DUQLFD� -:�� 'RPDQVNL�0-�� HW�
DO�� 3URJQRVWLF� VLJQLILFDQFH� RI� WKH� &HQWHUV�
IRU� 'LVHDVH� &RQWURO��PHULFDQ� +HDUW�
�VVRFLDWLRQ� KLJK�VHQVLWLYLW�� &�UHDFWLYH�
SURWHLQ� F�W�SRLQWV� IRU�FDUGLRYDVF�ODU�DQG�
RWKHU� R�WFRPHV� LQ� SDWLHQWV� ZLWK� VWDEOH�
FRURQDU��DUWHU��GLVHDVH��&LUF�ODWLRQ�������
�����������������


