
The role of neutrophil/lymphocyte ratio and mean platelet volume in diagnosis of ovarian torsion.   

2YHU�WRUVL\RQX�WDQóVóQGD�Q¸WURߔO�OHQIRVLW�RUDQó�YH�RUWDODPD�WURPERVLW�KDFPLQLQ�URO¾

AyșegüL ÖKSÜZOĞLU 1 Orcid ID:0000-0003-0042-0307

1 Department of Obstetrics and Gynecology, Zekai Tahir Burak Women’s Health Education and Research 
  Hospital Ankara, Turkey

ABSTRACT

Aim: Ovarian torsion is one of the gynecological emergencies that often presents 
ZLWK�QRQ�VSHFL¿F�V\PSWRPV�OHDGLQJ�WR�GHOD\HG�GLDJQRVLV��7KHUH�DUH�QR�DGHTXDWH�
FOLQLFDO��ODERUDWRU\�RU�LPDJLQJ�FULWHULD�WR�PDNH�D�GH¿QLWLYH�GLDJQRVLV�RI�RYDULDQ�WRUVL-
RQ�SUHRSHUDWLYHO\��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�UROH�RI�WKH�QHXWURSKLO�
WR�O\PSKRF\WH�UDWLR��1/5��DQG�PHDQ�SODWHOHW�YROXPH��039��YDOXH�LQ�WKH�GLDJQRVLV�
RI�SDWLHQWV�ZLWK�RYDULDQ�WRUVLRQ�

Materials and method: $�WRWDO�RI�����ZRPHQ�ZHUH�LQFOXGHG�LQ�WKLV�UHWURVSHFWLYH�
VWXG\�DQG�WZR�VWXG\�JURXSV�ZHUH�IRUPHG��*URXS���FRQVLVWHG�RI����SDWLHQWV�GLDJ-
QRVHG�ZLWK�RYDULDQ� WRUVLRQ� IROORZLQJ�DEGRPLQDO�H[SORUDWLRQ�DQG� WKH�FRQWURO�JURXS�
FRQVLVWHG�RI�����SDWLHQWV�ZKR�ZHUH�RSHUDWHG�IRU�EHQLJQ�XQUXSWXUHG�RYDULDQ�F\VWV�
�*URXS�����*URXSV�ZHUH�FRPSDUHG�DFFRUGLQJ�WR�FOLQLFDO�FKDUDFWHULVWLFV�DQG�KHPD-
WRORJLFDO� SDUDPHWHUV�� 'HPRJUDSKLF� DQG� FOLQLFDO� FKDUDFWHULVWLFV� DQG� SUHRSHUDWLYH�
FRPSOHWH�EORRG�FRXQW�SDUDPHWHUV�ZHUH�UHWULHYHG�IURP�WKH�PHGLFDO�UHFRUGV��

Results:� 0HDQ� OHXNRF\WH�� QHXWURSKLO�� DQG� 1/5� ZHUH� VLJQL¿FDQWO\� KLJKHU�� DQG�
039�ZDV�VLJQL¿FDQWO\�ORZHU�LQ�SDWLHQWV�ZLWK�RYDULDQ�WRUVLRQ�FRPSDUHG�WR�FRQWUROV�
�S���������52&�FXUYH�DQDO\VLV�GHPRQVWUDWHG� WKDW�FXW�RII�YDOXH�RI�1/5�ZDV������
ZLWK��������VHQVLWLYLW\�DQG��������VSHFL¿FLW\��7KH�FXW�RII�YDOXH�IRU�WKH�039�OHYHO�
ZDV�������I/�DQG��WKH�VHQVLWLYLW\�DQG�VSHFL¿FLW\�OHYHOV�ZHUH�IRXQG�WR�EH��������DQG�
��������UHVSHFWLYHO\�

Conclusion:�1/5�DQG�039�PD\�EH�KHOSIXO� WR�SUHRSHUDWLYHO\�GLVWLQJXLVK�RYDULDQ�
WRUVLRQ�IURP�RWKHU�FDXVHV�RI�DFXWH�DEGRPHQ��7KHVH�SDUDPHWHUV�FDQ�EH�XVHG�DV�D�
SUHGLFWLYH�IDFWRUV�LQ�WKH�GLDJQRVLV�RI�RYDULDQ�WRUVLRQ�
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INTRODUCTION

DOI: 10.38136/jgon.857146

2YDULDQ� WRUVLRQ�� LV�GH¿QHG�DV� WKH�SDUWLDO�RU�FRPSOHWH� URWDWLRQ�
RI� DQ�RYDU\� RU� RYDULDQ� YDVFXODU� SHGLFOH� DURXQG� LWV� ORQJ�D[LV��
UHVXOWLQJ�LQ�LVFKHPLF�FKDQJHV�LQ�WKH�RYDU\������2YDULDQ�WRUVLRQ�
DFFRXQWV� IRU� ������ RI� J\QHFRORJLFDO� HPHUJHQFLHV� ����� ,W� FDQ�
RFFXU�DW�DQ\�DJH�EXW�PDLQO\�LQ�WKH�UHSURGXFWLYH�DJH�JURXS������
(DUO\�GLDJQRVLV�RI�RYDULDQ� WRUVLRQ� LV�GLI¿FXOW�DQG�FKDOOHQJLQJ��
7KHUH�DUH�QR�FOLQLFDO�RU�LPDJLQJ�FULWHULD�VXI¿FLHQW�WR�FRQ¿UP�WKH�
SUHRSHUDWLYH�GLDJQRVLV�RI�RYDULDQ�WRUVLRQ��:KHQ�RYDULDQ�WRUVLRQ�
LV�VXVSHFWHG��XOWUDVRQRJUDSK\� LV� WKH� LQLWLDO�GLDJQRVLV�PHWKRG��
EORRG�YHORFLW\� ORVV� LQ�GRSSOHU�XOWUDVRQRJUDSK\� LV� WKH�SRVVLEOH�

¿QGLQJ��EXW�WKH�PRUH�SUHFLVH�GLDJQRVLV�RI�RYDULDQ�WRUVLRQ�LV�RI-
WHQ�GRQH�LQWUDRSHUDWLYHO\������(DUO\�GLDJQRVLV�DQG�VXUJHU\�KDYH�
D�YLWDO�UROH�LQ�SUHVHUYLQJ�WKH�YLDELOLW\�RI�RYDULHV�DQG�SUHYHQW�VH-
YHUH�PRUELGLW\� ����� ,I� QR� VXUJHU\� LV� SHUIRUPHG�� WKH� RYDU\�ZLOO�
EHFRPH�LVFKHPLF�DQG�QHFURWLF��DQG�WKURPERSKOHELWLV��LQIHFWLRQ��
DQG�SHULWRQLWLV�DOVR�PD\�RFFXU������2YDULDQ�WRUVLRQ�FDQ�EH�WUH-
DWHG�E\�GHWRUVLRQ��RYDULDQ�F\VWHFWRP\�DQG�RRSKRUHFWRP\������

+HPDWRORJLFDO�SDUDPHWHUV��HVSHFLDOO\� WKH� OHXNRF\WH�VXEW\SHV�
DQG�WKH�UDWLR�RI�WKHVH�PDUNHUV�KDYH�EHHQ�VKRZQ�WR�SOD\�D�SUH-
GLFWLYH�UROH�LQ�WKH�GLDJQRVLV�RI�DFXWH�DQG�FKURQLF�LQÀDPPDWRU\�
SURFHVVHV������0DQ\�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�QHXWURSKLO�WR�
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RESULTS

MATERIALS AND METHODS
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O\PSKRF\WH�UDWLR��1/5��DQG�PHDQ�SODWHOHW�YROXPH��039��DUH�D�
VLJQL¿FDQW�LQÀDPPDWRU\�PDUNHUV�LQ��GLVHDVHV�VXFK�DV�DFXWH�DS-
SHQGLFLWLV�� LQÀDPPDWRU\� ERZHO� GLVHDVHV�� UKHXPDWRLG� DUWKULWLV��
FHOLDF�GLVHDVH�� � DFXWH� LVFKHPLF� VWURNH��P\RFDUGLDO� LQIDUFWLRQ���
SHOYLF�LQÀDPPDWRU\��HFWRSLF�SUHJQDQF\��HQGRPHWULRVLV�DQG�PD-
OLJQDQF\���������

,Q�WKH�GLDJQRVLV�RI�RYDULDQ�WRUVLRQ��FDUHIXO�H[DPLQDWLRQ�RI�KH-
PDWRORJLFDO�SDUDPHWHUV��FDQ�JLYH�XV�YDOXDEOH�LQIRUPDWLRQ��7KH�
DLP�RI� WKLV� VWXG\�ZDV� WR� LQYHVWLJDWH� WKH� UROH�RI� WKH�1/5�DQG�
039�YDOXH�LQ�WKH�GLDJQRVLV�RI�SDWLHQWV�ZLWK�RYDULDQ�WRUVLRQ�

7KLV�UHWURVSHFWLYH�VWXG\�FRPSDUHG�WR����SDWLHQWV�ZLWK�RYDULDQ�
WRUVLRQ�DQG�����SDWLHQWV�ZLWK�EHQLJQ�XQUXSWXUHG�RYDULDQ�F\VWV�
ZKR�XQGHUZHQW�VXUJHU\��$OO�VXUJLFDO�SURFHGXUHV�ZHUH�SHUIRUPHG�
DW�WKH�'HSDUWPHQW�RI�*\QHFRORJ\��=HNDL�7DKLU�%XUDN�:RPHQ¶V�
+HDOWK�(GXFDWLRQ�DQG�5HVHDUFK�+RVSLWDO� LQ�$QNDUD��EHWZHHQ�
-DQXDU\������DQG�-DQXDU\�������7KH�VWXG\�ZDV�DSSURYHG�E\�
WKH�ORFDO�(WKLFV�&RPPLWWHH�RI�WKH�LQVWLWXWLRQ��DQG�DOO�WKH�VXEMHFWV�
ZKRVH�GDWD�ZDV� LQFOXGHG�KDG� IXUQLVKHG� LQIRUPHG� FRQVHQW� DW�
WKH�WLPH�RI�WKHLU�VXUJHULHV��$SSURYDO�1XPEHU�������

7KH�GDWD�RI� WKH�SDWLHQWV�ZHUH�FROOHFWHG�IURP�KRVSLWDO�GDWDED-
VH�V\WHP�DQG�SDWLHQW¶V�PHGLFDO�UHFRUGV��$�WRWDO�RI�VHYHQW\�VL[�
SDWLHQWV�ZLWK�RYDULDQ� WRUVLRQ�ZHUH� LGHQWL¿HG� IURP� WKH�KRVSLWDO�
UHFRUGV��:H� H[FOXGHG� RQH� SDWLHQW� ZLWK� K\SHUWK\URLGLVP�� WZR�
SDWLHQWV� ZLWK� WXEDO� RYDULDQ� DEVFHVV�� WKUHH� SDWLHQWV� ZLWK� PD-
OLJQDQF\�� IRXU� SDWLHQWV� ZKR� KDG� LQFRPSOHWH� ODERUDWRU\� GDWD��
HVSHFLDOO\�EORRG�FRXQW�YDOXHV��WKH�UHPDLQLQJ����SDWLHQWV�ZHUH�
FRQVLGHUHG�DV�WKH�JURXS����7KH�FRQWURO�JURXS�LQFOXGHG�����SD-
WLHQWV�ZKR�ZHUH�RSHUDWHG�IRU�EHQLJQ�XQUXSWXUHG�RYDULDQ�F\VWV�
�*URXS�����7KH�SDWLHQWV�LQ�WKH�WZR�JURXSV�ZHUH�PDWFKHG�ZLWK�
UHVSHFW�WR�DJH�DQG�SDULW\��'HPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWH-
ULVWLFV��DQG�SUHRSHUDWLYH�FRPSOHWH�EORRG�FRXQW�SDUDPHWHUV��OHX-
NRF\WH��QHXWURSKLO�� O\PSKRF\WH�DQG�SODWHOHW� FRXQWV��039�DQG�
1/5��ZHUH�FRPSDUHG�EHWZHHQ�WKH�WZR�JURXSV��7KH�SUHVHQFH�RI�
RYDULDQ�WRUVLRQ�RU�XQUXSWXUHG�RYDULDQ�F\VW�ZDV�GHWHUPLQHG�E\�
XOWUDVRXQG�VFUHHQLQJ��FRPSXWHG�WRPRJUDSK\�RU�PDJQHWLF�UHVR-
QDQFH�LPDJLQJ�LQ�WKH�SUHRSHUDWLYH�SHULRG�DQG�E\�YLVXDOL]DWLRQ�
GXULQJ�WKH�RSHUDWLRQ��/DSDURVFRS\�ZDV�WKH�SUHIHUUHG�SURFHGXUH�
LQ�VXUJLFDO�PDQDJHPHQW��$OO�RI�WKH�FDVHV�ZLWK�WRUVLRQ�ZHUH�PD-
QDJHG�E\�GHWRUVLRQ��ZLWK�F\VWHFWRP\��LI�RYDULDQ�F\VW�SUHVHQW��LQ�
RSHUDWLRQ��+LVWRSDWKRORJ\�UHVXOWV�RI�DOO�SDWLHQWV�ZHUH�UHFRUGHG�
IURP�WKH�KRVSLWDO�GDWDEDVH�SRVWRSHUDWLYHO\��

+HPDWRORJLFDO�SDUDPHWHUV�ZHUH�SHUIRUPHG�E\�ÀRZ�F\WRPHWU\�

�%HFNPDQ� &RXOWHU� /+����� $QDO\]HU�� %HFNPDQ� &RXOWHU� ,QF���
86$��EHIRUH�VXUJLFDO�LQWHUYHQWLRQ�IURP�SDWLHQWV��$OO�KHPDWRORJL-
FDO�SDUDPHWHUV��OHXNRF\WH��QHXWURSKLO��O\PSKRF\WH��DQG�SODWHOHW�
FRXQWV��ZHUH�GHQRPLQDWHG� LQ�������/�H[FHSW�039��7KH�039�
YDOXH�ZDV�GHQRPLQDWHG� LQ� IHPWROLWHU��1/5�ZDV�FDOFXODWHG�E\�
GLYLGLQJ�WKH�QHXWURSKLO�FRXQW�ZLWK�WKH�O\PSKRF\WH�FRXQW��

3DWLHQWV�ZKR�KDG��HQGRPHWULRVLV��SHOYLF�LQÀDPPDWRU\�GLVHDVH��
WXER�RYDULDQ�DEVFHVV��KHPDWRORJLFDO�GLVHDVH��D�FKURQLF�V\VWH-
PLF�GLVHDVH��PDOLJQDQF\�� XVLQJ�DQWLFRDJXODQWV�DQG�KRUPRQDO�
FRQWUDFHSWLYHV��DQG�SUHJQDQW�SDWLHQWV�ZHUH�H[FOXGHG�IURP�WKH�
VWXG\�DV�WKHLU�VLWXDWLRQ�PLJKW�DIIHFW�RQ�EORRG�FRXQW�SDUDPHWHUV�

Statistical analysis
$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�E\�XVLQJ�6366�VRIWZD-
UH�� YHUVLRQ� ����� �&KLFDJR�� ,/�86$���7KH� GHVFULSWLYH� GDWD� DUH�
SUHVHQWHG� DV�PHDQV��� VWDQGDUG� GHYLDWLRQ� DQG�PHGLDQV� �PL-
QLPXP�PD[LPXP���7KH�.ROPRJRURY�6PLUQRY�WHVW�ZDV�XVHG�WR�
GHWHUPLQH�ZKHWKHU�WKH�YDOXHV�ZHUH�QRUPDOO\�GLVWULEXWHG��&DWH-
JRULFDO�YDULDEOHV�ZHUH�H[SUHVVHG�DV�QXPEHUV�DQG�SHUFHQWDJHV��
7KH�FKL�VTXDUH�WHVW�ZDV�XVHG�WR�FRPSDUH�SURSRUWLRQV�LQ�GLIIH-
UHQW�JURXSV��6WXGHQW�W�WHVW�RU�0DQQ�:KLWQH\�8�WHVW�ZDV�XVHG�WR�
FRPSDUH�WKH�WZR�LQGHSHQGHQW�JURXSV�DFFRUGLQJ�WR�GLVWULEXWLRQ��
52&�FXUYH�DQDO\VLV�ZDV�XVHG�WR�DVVHVV�WKH�GLVFULPLQDWLYH�UROH�
RI�1/5�DQG�039��3�YDOXH�������ZDV�FRQVLGHUHG�VLJQL¿FDQW�

'HPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV�RI�WKH�FDVHV�DUH�VKRZQ�
LQ�7DEOH����7KH�PHDQ�DJH�RI�JURXSV���DQG���ZHUH����������\H-
DUV�DQG������������\HDUV��UHVSHFWLYHO\��7KHUH�ZDV�QR�VLJQL¿FDQW�
GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�LQ�WHUPV�RI�ERWK�DJH��%0,��
JUDYLGLW\��SDULW\��GLDPHWHU�RI�DGQH[DO�PDVV�DQG�ORFDWLRQ�RI�DG-
QH[DO�PDVV��S!������

-LQHNRORML���2EVWHWULN�YH�1HRQDWRORML�7ÕS�'HUJLVL�������9ROXPH�����6D\Õ��� -LQHNRORML���2EVWHWULN�YH�1HRQDWRORML�7ÕS�'HUJLVL�������9ROXPH�����6D\Õ���
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Table 1. &RPSDULVRQ�RI�WKH�'HPRJUDSKLF�DQG�&OLQLFDO�3DUDPH-
WHUV�$PRQJ�WKH�JURXSV��  

%0,�� ERG\�PDVV� LQGH[��862�� XQLODWHUDO� VDOSLQJRRIHUHFWRP\��'DWD� DUH� SUHVHQWHG� DV�
PHDQ��VWDQGDUG�GHYLDWLRQ��PHGLDQ��PLQLPXP�PD[LPXP���DQG�Q������S������LV�FRQVL-
GHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW

0HDQ�OHXNRF\WH��QHXWURSKLO�FRXQWV�DQG�1/5�YDOXH�ZHUH�VLJQL-
¿FDQWO\� KLJKHU� �S������� DQG� WKH�039�ZDV� VLJQL¿FDQWO\� ORZHU�
�S�������LQ�WKH�SDWLHQWV�ZLWK�RYDULDQ�WRUVLRQ�WKDQ�WKH�FRQWUROV��
7KH�FRPSDULVRQ�RI�EORRG�SDUDPHWHUV�DPRQJ�WKH�WZR�JURXSV�LV�
VKRZQ�LQ�7DEOH���

Table 2. &RPSDULVRQ�RI�WKH�/DERUDWRU\�3DUDPHWHUV�$PRQJ�WKH�
*URXSV

Values are expressed as *mean ± standard deviation  

WBC: White blood cell, 

NLR: Neutrophil to lymphocyte ratio.

PLR: Platelet to lymphocyte ratio.

MPV: Mean platelet volume

52&�FXUYH�DQDO\VLV�GHPRQVWUDWHG�WKDW� LQFUHDVHG�1/5��$8&��
������� ���� &,�� ������������� S�������� DQG� GHFUHDVHG� 039�
�$8&�������������&,���������������S��������DUH�WKH�VWDWLVWLFDO-
O\�VLJQL¿FDQW�GLVFULPLQDWLYH�IDFWRUV�LQ�SUHGLFWLQJ�RYDULDQ�WRUVLRQ�
LQ�SDWLHQWV�SUHRSHUDWLYHO\��7KHVH�UHVXOWV�LV�VKRZQ�LQ�)LJ���DQG�
)LJ����$GGLWLRQDOO\��WKH�FXW�RII�YDOXHV��VHQVLWLYLW\��VSHFL¿FLW\��SR-
VLWLYH�SUHGLFWLYH�YDOXH��DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�RI� WKHVH�
KHPDWRORJLFDO�SDUDPHWHUV�LQ�SUHGLFWLQJ�RYDULDQ�WRUVLRQ�GLDJQR-
VLV�DUH�VKRZQ�LQ�7DEOH���

Figure 1.�52&�&XUYH�$QDO\VLV�IRU�1/5�LQ�3UHGLFWLRQ�RI�2YDUL-
DQ�7RUVLRQ

Figure 2. 52&�&XUYH�$QDO\VLV�IRU�039�LQ�3UHGLFWLRQ�RI�2YDULDQ�
7RUVLRQ
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Table 3.�3UHGLFWLRQ�RI�RYDULDQ�WRUVLRQ�DFFRUGLQJ�WR�WKH�FXWRII�YDOXHV�RI�1/5�DQG�039

1/5��QHXWURSKLO� WR� O\PSKRF\WH� UDWLR��039��PHDQ�SODWHOHW�YROXPH��339��SRVLWLYH�SUHGLFWLYH�YDOXH��139��QHJDWLYH�SUHGLFWLYH�YDOXH��3������ZDV�FRQVLGHUHG�
VWDWLVWLFDOO\�VLJQL¿FDQW�

:KHQ�WKH�FXW�RII�SRLQW� IRU� WKH�1/5� OHYHO�ZDV�VHW� WR������� WKH�
VHQVLWLYLW\�DQG�VSHFL¿FLW\� OHYHOV�ZHUH�IRXQG�WR�EH��������DQG�
�������� UHVSHFWLYHO\��:KHQ� WKH� FXW�RII� SRLQW� IRU� WKH�039� OH-
YHO�ZDV�VHW�WR��������WKH�VHQVLWLYLW\�DQG�VSHFL¿FLW\�OHYHOV�ZHUH�
IRXQG�WR�EH��������DQG���������UHVSHFWLYHO\�

Ovarian torsion, one of the gynecological emergencies, is an 
XQFRPPRQ�FDXVH�RI� DFXWH� ORZHU� DEGRPLQDO� SDLQ� LQ� IHPDOHV��
'LDJQRVLV�FDQ�EH�GLI¿FXOW��SDUWLFXODUO\�LQ�LQWHUPLWWHQW�WRUVLRQ�DQG�
WKH�GLIIHUHQWLDO�GLDJQRVLV�FDQ�LQFOXGH�VHYHUDO�RWKHU�J\QHFRORJL-
FDO�DQG�VXUJLFDO�HPHUJHQFLHV��$OWKRXJK�LQÀDPPDWLRQ�PDUNHUV�
DQG�LPDJLQJ�PHWKRGV�DUH�FRPPRQO\�XVHG�LQ�WKH�GLDJQRVLV�RI�
RYDULDQ�WRUVLRQ��LW�LV�GLI¿FXOW�WR�PDNH�GLIIHUHQWLDO�GLDJQRVLV�IURP�
RWKHU�FDXVHV�RI�DFXWH�DEGRPHQ�GXH�WR�QRQ�VSHFL¿F�DEGRPLQDO�
V\PSWRPV�

5HFHQWO\��VHYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�1/5�DQG�039�
KDYH�SRWHQWLDO�DV�D�PDUNHU�RI�J\QHFRORJLF�LQÀDPPDWRU\�GLVRU-
GHUV� DQG�PDOLJQDQFLHV� VXFK� DV� HQGRPHWULRVLV�� SHOYLF� LQÀDP-
PDWRU\�GLVHDVH��DGQH[DO�WRUVLRQ��SUHWHUP�ELUWK��RYDULDQ�FDQFHU��
FHUYLFDO�FDQFHU��JHVWDWLRQDO�WURSKREODVWLF�GLVHDVH��HQGRPHWULDO�
K\SHUSODVLD��JHVWDWLRQDO�GLDEHWHV��DQG�SUHHFODPSVLD�����������

,Q�V\VWHPLF�LQÀDPPDWLRQ�FDXVHG�E\�LVFKHPLD��LW�LV�NQRZQ�WKDW�
QHXWURSKLO� FRXQW� LQFUHDVHV�DQG� O\PSKRF\WH� FRXQW� GHFUHDVHV��
7KH�1/5��WKH�UDWLR�RI�QHXWURSKLO�WR�O\PSKRF\WH��LV�D�VLPSOH�PDU-
NHU� RI� WKH� LQÀDPPDWRU\� UHVSRQVH�� UHÀHFWLQJ� WKH�DGHTXDF\�RI�
WKH� FHOOXODU� LPPXQH� UHVSRQVH� DJDLQVW� WKH� H[WHQW� RI� V\VWHPLF�
LQÀDPPDWLRQ�UHVXOWLQJ�IURP�LVFKHPLD��,W�FDQ�EH�FRQVLGHUHG�DV�D�
VHQVLWLYH�DQG�VSHFL¿F�PDUNHU�DQG�XVHG�DV�D�GLDJQRVWLF�PDUNHU�
RI�YDULRXV�LVFKHPLF�GLVHDVHV�������$�UHFHQW�VWXG\�UHSRUWHG�WKDW�
KLJK�1/5�YDOXHV�ZHUH�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�DGQH[DO�WRU-
VLRQ��,Q�WKLV�VWXG\��LW�ZDV�VXJJHVWHG�WKDW�WKH�KLJK�1/5�YDOXHV�
DUH� FDXVHG� E\� DQ� LQÀDPPDWRU\� UHVSRQVH� WR� LVFKHPLD��ZKLFK�
FDXVHV�DQ�LQFUHDVH�LQ�QHXWURSKLO�DQG�D�GHFUHDVH�LQ�O\PSKRF\WH�
FRXQWV�������2XU�UHVXOWV�ZHUH�LQ�DFFRUGDQFH�ZLWK�WKLV�UHFHQWO\�
SXEOLVKHG�VWXG\�LQ�ZKLFK�DGQH[DO�WRUVLRQ�ZDV�DVVRFLDWHG�ZLWK�
KLJKHU�1/5�YDOXH��

(UFDQ�HW�DO��FRPSDUHG�SUHRSHUDWLYH�1/5�DQG�:%&�FRXQWV� LQ�
SDWLHQWV� ZLWK� DGQH[DO� WRUVLRQ� DQG� RYDULDQ� F\VWV��:KLOH�:%&�
DQG�QHXWURSKLO�FRXQWV�ZHUH�KLJK�LQ�ERWK�JURXSV��1/5�ZDV�VLJ-
QL¿FDQWO\�KLJKHU�LQ�WKH�DGQH[DO�WRUVLRQ�JURXS�������6R\VDO�HW�DO��
FRPSDUHG� WKH� KHPDWRORJLFDO� SDUDPHWHUV� RI� SDWLHQWV�ZLWK� DG-
QH[DO�WRUVLRQ�ZLWK�WKRVH�RI�SDWLHQWV�ZLWK�UXSWXUHG�DQG�XQUXSWX-
UHG�RYDULDQ�F\VWV��7KH\�IRXQG�WKDW�1/5�KDG�QR�GLDJQRVWLF�YDOXH�
IRU�WKH�GLIIHUHQWLDWLRQ�RI�UXSWXUHG�RYDULDQ�F\VWV�IURP�DGQH[DO�WRU-
VLRQ��EXW�IRXQG�WKDW�LW�PD\�EH�XVHIXO�LQ�WKH�GLIIHUHQWLDO�GLDJQRVLV�
RI�XQUXSWXUHG�RYDULDQ�F\VWV�IURP�DGQH[DO�WRUVLRQ�������

+HPDWRORJLFDO�SDUDPHWHUV�KDYH�DOVR�EHHQ�VWXGLHG�LQ�SDWLHQWV�
ZLWK� WHVWLFXODU� WRUVLRQ��*XQHV�HW�DO�� UHSRUWHG�VLJQL¿FDQWO\�KLJK�
VHQVLWLYLW\�DQG�VSHFL¿FLW\�IRU�WKH�1/5�LQ�WKH�SUHGLFWLRQ�RI�WHVWLFX-
ODU�WRUVLRQ�GLDJQRVLV�������1/5�KDV�EHHQ�IRXQG�WR�EH�DVVRFLDWHG�
ZLWK�WKH�GXUDWLRQ�RI�V\PSWRPV�DQG�PD\�EH�XVHG�DV�D�SUHGLFWLYH�
IDFWRU�IRU�WHVWLFXODU�YLDELOLW\�IROORZLQJ�WHVWLFXODU�WRUVLRQ��

3ODWHOHWV�� ZKRVH� SULPDU\� IXQFWLRQ� LV� KHPRVWDVLV�� DUH� DOVR�
NQRZQ�WR�SOD\�D�UROH�LQ�WKH�LQÀDPPDWRU\�SURFHVV�������039��D�
URXWLQH�SDUDPHWHU�RI�FRPSOHWH�EORRG�FRXQW��GHPRQVWUDWHV�SOD-
WHOHW�VL]H�DQG�DFWLYLW\��,W�UHSUHVHQWV�QRW�RQO\�SODWHOHW�DFWLYDWLRQ�
EXW�DOVR�V\VWHPLF�LQÀDPPDWLRQ�DQG�LQIHFWLRQ��,Q�FDVHV�RI�DFXWH�
LQÀDPPDWLRQ�DQG�WKURPERVLV��SODWHOHW�SURGXFWLRQ�DQG�DFWLYDWLRQ�
LQFUHDVHV�� DQG� WKH� LQFUHDVH� LQ� SODWHOHWV� LV� HVSHFLDOO\� VHHQ� LQ�
\RXQJ�DQG�ODUJH�SODWHOHWV��/DUJH�SODWHOHWV�DUH�NQRZQ�DV�VWUHVV�
SODWHOHWV��7KLV�VLWXDWLRQ�FDXVHV�DQ�LQFUHDVH�LQ�039�OHYHOV��$V�
UHVXOW�RI�WKH�PLJUDWLRQ�RI�D�PDMRULW\�RI�WKH�ODUJH�UHDFWLYH�SODWH-
OHWV�WR�LQÀDPPDWRU\�VLWHV��ZKHUH�WKH\�DUH�FRQVXPHG��DQG�039�
OHYHOV� GHFUHDVH� ������ 3UR�LQÀDPPDWRU\� F\WRNLQHV� DQG� DFXWH�
SKDVH�PDUNHUV�VHFUHWHG�LQ�WKH�LQÀDPPDWRU\�SURFHVV�PD\�FDX-
VH�UHGXFWLRQ�LQ�SODWHOHW�YROXPH�E\�VXSSUHVVLQJ�PHJDNDU\RSRLH-
VLV�LQ�WKH�ERQH�PDUURZ������

$OWKRXJK�FRQÀLFWLQJ�UHVXOWV�H[LVW�LQ�WKH�OLWHUDWXUH�WKDW�OLQN�ERWK�
LQFUHDVHG�DQG�GHFUHDVHG�039�WR�LQÀDPPDWLRQ��HYLGHQFH�SDU-
WLFXODUO\�GHULYHG� IURP�SURVSHFWLYH� WULDOV�SURSRVHV�DQ� LQFUHDVH�
LQ�039�ZLWK�D�ULVN�RI� WKURPERVLV�DQG�ORZ�JUDGH�LQÀDPPDWRU\�
FRQGLWLRQV��+LJK�JUDGH�LQÀDPPDWRU\�GLVHDVHV��VXFK�DV�DFWLYH�
UKHXPDWRLG� DUWKULWLV�� DFXWH� SDQFUHDWLWLV� DQG� DGQH[DO� WRUVLRQ��

3DUDPHWHU &XWR൵���YDOXH 6HQV൴W൴Y൴W\����� 6SHF൴I൴F൴W\����� 339����� �139���� P��YDOXH

NLR ���� ���� ���� ���� ����� �����
MPV ����� ���� ���� ���� ����� �����
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DUH� FRPPRQO\� UHSRUWHG� WR� EH� SUHVHQW� ZLWK� ORZ� 039� OHYHOV�
������������,Q�RXU�VWXG\��WKH�039�OHYHOV�LQ�SDWLHQWV�ZLWK�RYDULDQ�
WRUVLRQ�ZHUH�IRXQG�WR�EH�VWDWLVWLFDOO\�VLJQL¿FDQWO\�ORZHU�WKDQ�WKH�
FRQWURO�JURXS��039�ZDV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�SUHRSHUD-
WLYH�RYDULDQ�WRUVLRQ�GLDJQRVLV�DQG�GHWHUPLQHG�DQ�RSWLPDO�FXW�RII�
YDOXH�RI������I/��ZLWK�������VHQVLWLYLW\�DQG�������VSHFL¿FLW\��

7KH� 1/5� DQG�039� DUH� HDVLO\� PHDVXUHG� ODERUDWRU\�PDUNHUV�
XVHG�WR�HYDOXDWH�V\VWHPLF�LQÀDPPDWLRQ��EXW�WKHVH�PDUNHUV�FDQ�
EH� DVVRFLDWHG� ZLWK� PDQ\� FRQGLWLRQV�� &KURQLF� GLVHDVHV� VXFK�
DV� K\SHUWHQVLRQ�� GLDEHWHV� PHOOLWXV�� PDOLJQDQF\� DQG� FKURQLF�
LQÀDPPDWRU\�GLVHDVHV�PD\�DIIHFW�1/5�DQG�039�OHYHOV��WKHVH�
FRQGLWLRQV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�HYDOXDWLQJ�WKHVH�
SDUDPHWHUV�

7KH�UHWURVSHFWLYH�QDWXUH�RI�WKH�VWXG\�LV�D�OLPLWLQJ�IDFWRU��$QR-
WKHU� OLPLWDWLRQ� RI� WKH� SUHVHQW� VWXG\� LV� UHODWLYHO\� VPDOO� VDPSOH�
VL]H��$OVR� ZH� GLG� QRW� LQFOXGH� SDWLHQWV� ZLWK� UXSWXUHG� RYDULDQ�
F\VWV�LQ�RXU�VWXG\�

7KH�SUHVHQW�VWXG\�GHPRQVWUDWHG� LQFUHDVHG�1/5�DQG�GHFUHD-
VHG�039�YDOXHV�LQ�SDWLHQWV�ZLWK�RYDULDQ�WRUVLRQ��7KHVH�UHVXOWV�
VXJJHVW�1/5�DQG�039�DV�DQ�DFFHVVLEOH��SUHGLFWLYH�SDUDPHWHUV�
LQ�UHODWLRQ�WR�RYDULDQ�WRUVLRQ��:H�WKLQN�WKDW�EHVLGH�D�FDUHIXO�SUH-
RSHUDWLYH�HYDOXDWLRQ� LQFOXGLQJ� FOLQLFDO� FKDUDFWHULVWLFV�� XOWUDVR-
QRJUDSKLF�IHDWXUHV��1/5�DQG�039�PD\�EH�XVHG�IRU�SUHGLFWLRQ�
RI�RYDULDQ�WRUVLRQ�LQ�SDWLHQWV�ZLWK�DFXWH�DEGRPLQDO�SDLQ��

7KH�SDUDPHWHUV��1/5�DQG�039��WRJHWKHU�ZLWK�RWKHU�LQÀDPPD-
WRU\�PDUNHUV�FDQ�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�DERXW�WKH�GLDJ-
QRVLV�RI�SDWLHQWV�ZLWK�RYDULDQ�WRUVLRQ�DQG�SUHRSHUDWLYH�GLIIHUHQ-
WLDO�GLDJQRVLV�IURP�RWKHU�DFXWH�DEGRPHQ�FDVHV�
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