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ABSTRACT
Fibromyalgia (FM) syndrome is a 
chronic disease with unknown etiol-
ogy, characterised by widespread pain 
and fatigue. Moreover, several patients 
PDQLIHVW� QRQ�VSHFLÀF� V\PSWRPV� VXFK�
as sleep disturbances, mood disorders, 
and neurocognitive impairment. We 
have reviewed the literature of the past 
year to underline the progress of re-
VHDUFK�LQ�WKH�ÀHOGV�RI�HWLRSDWKRJHQHVLV��
therapies and assessment, considering 
articles published between November 
2012 and November 2013.

Introduction
)LEURP\DOJLD� �)0�� V\QGURPH� LV� D�
FKURQLF� GLVHDVH� ZLWK� XQNQRZQ� HWLRO-
RJ\�� FKDUDFWHULVHG� E\�ZLGHVSUHDG� SDLQ�
DQG�IDWLJXH��0RUHRYHU��VHYHUDO�SDWLHQWV�
PDQLIHVW� QRQ�VSHFLÀF� V\PSWRPV� VXFK�
DV� VOHHS�GLVWXUEDQFHV��PRRG�GLVRUGHUV��
DQG�QHXURFRJQLWLYH� LPSDLUPHQW�� ,Q� WKH�
ZDNH� RI� WKH� SUHYLRXV� HGLWLRQV��ZH� GH-
FLGHG� WR� UHYLHZ� WKH� OLWHUDWXUH� RI� WKLV�
ODVW� \HDU� WR� XQGHUOLQH� WKH� SURJUHVV� RI�
UHVHDUFK� LQ� WKH� ÀHOGV� RI� HWLRSDWKRJHQ-
HVLV��WKHUDSLHV�DQG�DVVHVVPHQW��)RU�WKLV�
UHDVRQ��ZH�SURSRVH�DQ�RYHUYLHZ�RI�WKH�
DUWLFOHV� SXEOLVKHG� EHWZHHQ� 1RYHPEHU�
�����DQG�1RYHPEHU������

Ethiopathogenesis
:LWK�UHJDUG�WR�WKH�SDWKRJHQHVLV�RI�)0�
VRPH� K\SRWKHVHV� KDYH� EHHQ� IRUPX-
ODWHG��0HQ]LHV�et al.�VWXGLHG�WKH�HSLJH-
QHWLF� DOWHUDWLRQ� WR� GHWHUPLQH� ZKHWKHU�
VSRQWDQHRXVO\� RFFXUULQJ� PLFURQXFOHL�
DQG� JHQRPH�ZLGH� PHWK\ODWLRQ� SDW-
WHUQV�FRXOG�EH�UHODWHG�WR�)0������7KH\�
IRXQG� VLJQLÀFDQW� GLIIHUHQFHV� LQ�PHWK-
\ODWLRQ�SDWWHUQV� LQ�)0�ZLWK�UHVSHFW� WR�
WKH�FRQWURO�VXEMHFWV�DQG�WKH�PDMRULW\�RI�
GLIHUHQWLDOO\� PHKLODWHG� VLWHV� RFFXUUHG�
LQ� QHXURQ� GLIIHUHQWLDWLRQ� DQG� LQ� WKH�
VNHOHWDO� V\VWHP�� 7KH� JHQHWLF� EDVLV� RI�
)0�HPHUJHG�IURP�D�ZRUN�SXEOLVKHG�E\�
)HQJ�et al.������7KH\�SHUIRUPHG�D�FRP-
SOHWH�H[RPH�VHTXHQFLQJ�LQ�D� ODUJH�FR-

KRUW�RI�)0�SDWLHQWV�DQG�IRXQG�D�FORVH�
UHODWLRQVKLS� EHWZHHQ� &��RUI��� PXWD-
WLRQ� DQG� SODVPD� OHYHOV� RI� F\WRNLQHV��
0&3���DQG�,3�����2WKHU�JHQHWLF�DOWHU-
DWLRQV�ZHUH� IRXQG�E\�D�7XUNLVK�JURXS�
ZKR� VWXGLHG� WKH� SRO\PRUSKLVP�RI� WKH�
,/��JHQH�LQ�D��ODUJH�FRKRUW�RI�����)0�
SDWLHQWV� ����� 7KH\� IRXQG� D� VLJQLÀFDQW�
GLIIHUHQFH�LQ�WKH�JHQRPH�RI�,/��LQ�SD-
WLHQWV� FRPSDUHG� WR� WKH� FRQWUROV�� DQG�
WKH\� VXJJHVWHG� DQ� DVVRFLDWLRQ� RI� ,/���
JHQH����ES��9175�SRO\PRUSKLVP�ZLWK�
VXVFHSWLELOLW\� WR� GHYHORS� )0�� 6RPH�
RWKHU� SRO\PRUSKLVPV� ZHUH� IRXQG� LQ�
JXDQRVLQH�WULSKRVSKDWH�F\FORK\GURODVH�
1� ����� WKH� FDWHFKRO�2�PHWK\OWUDVIHUDVH�
����� DQG� DOSKD���DQWLWU\SVLQ� SRO\PRU-
SKLVPV� ����� WKH� UHODWHG� VWXGLHV� FRQ-
ÀUPHG� WKH� SUHYLRXV� ÀQGLQJV�� DQG� XQ-
GHUOLQHG� WKH� IDPLOLDU� DJJUHJDWLRQ� IRU�
)0�
0XVFXODU�SDLQ�LV�WKH�PDLQ�V\PSWRP�RI�
)0�DQG�DPRQJ�VHYHUDO�DXWKRUV�VHDUFK-
LQJ�IRU�SRVVLEOH�DOWHUDWLRQV�LQ�PXVFXODU�
ÀEUHV�LQ�)0�SDWLHQWV��.ODYHU�.URO�DQG�
FROOHDJXHV�PHDVXUHG�WKH�FRQGXFWLRQ�YH-
ORFLW\�LQ�)0�SDWLHQWV�DQG�FRQWUROV�XVLQJ�
VXUIDFH� HOHFWURP\RJUDSK\� ����� 7KHVH�
DXWKRUV� IRXQG� KLJKHU� YDOXHV� RI� &9� LQ�
)0�SDWLHQWV�DQG�D�FRUUHODWLRQ�EHWZHHQ�
&9�VFRUHV�DQG�WHQGHU�SRLQW�VFRUHV��
$Q�LQWHUHVWLQJ�SRLQW�RI�YLHZ�RQ�SDWKR-
JHQHVLV� LV� WKH� RQH� WKDW� WDNHV� LQWR� DF-
FRXQW�WKH�IUHTXHQW�GLDJQRVLV�RI�)0�LQ�
RWKHU�UKHXPDWLF�GLVHDVHV��,Q�IDFW�VHYHU-
DO�SDWLHQWV�ZKR�VXIIHU� IURP�UKHXPDWLF�
GLVHDVH�� VXFK� DV� UKHXPDWRLG� DUWKULWLV�
�5$�� DQG� V\VWHPLF� OXSXV� HU\WKHPD-
WRVXV� �6/(��� ZHUH� IRXQG� WR� EH� LQ� FR-
PRUELGLW\�ZLWK�)0��'RQPH]�et al��LQ-
YHVWLJDWHG�WKLV�LQWHUHVWLQJ�REVHUYDWLRQ��
UHSRUWLQJ� WKDW� D� FRQFRPLWDQW� )0�ZDV�
DVVRFLDWHG�ZLWK�GHSUHVVLRQ�DQG�VRPDWL-
VDWLRQ��UDWKHU�WKDQ�ZLWK�WKH�SUHVHQFH�RI�
DXWRDQWLERGLHV� �����$QRWKHU� VWXG\� WKDW�
XQGHUOLQHG� WKH� UHODWLRQVKLS� EHWZHHQ�
)0�DQG�RWKHU� UKHXPDWLF�GLVHDVHV�ZDV�
SXEOLVKHG� E\�5RXVVRX� DQG�&LXUWLQ�� ,Q�
SDUWLFXODU� WKH\� REVHUYHG� DQ� LQFUHDVH�
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RI�)0�GLDJQRVLV�LQ�SDWLHQWV�ZLWK�VSRQ-
G\ORDUWKULWLV� �63$��� ZLWK� RQH� WKLUG� RI�
SDWLHQWV� ZLWK� LQÁDPPDWRU\� EDFN� SDLQ�
EHORQJLQJ�WR�WKHLU�FRKRUW�ZKR�IXOÀOOHG�
WKH�FULWHULD�IRU�)0������,Q�DGGLWLRQ��LW�LV�
QRWHZRUWK\�WKDW�IDWLJXH�DQG�SDLQ��WZR�RI�
WKH�PDLQ�V\PSWRPV�RI�)0��DUH�GHELOL-
WDWLQJ�V\PSWRPV�WKDW�QHJDWLYHO\�LPSDFW�
WKH�TXDOLW\�RI�OLIH�LQ�SDWLHQWV�ZLWK�6/(�
DQG�SULPDU\�6M|JUHQ·V�V\QGURPH��S66���
,QGHHG� ,DQQXFFHOOL� et al.� IRXQG� D� KLJK�
SHUFHQWDJH�RI�)0�LQ�WKHVH�GLVHDVHV�DQG�
VSHFXODWHG�WKDW�)0�VHHPV�WR�FRQWULEXWH�
WR�FRQVWLWXWLRQDO�V\PSWRPV�LQ�6/(�DQG�
S66�E\�WKH�HYDOXDWLRQ�RI�WHQGHU�SRLQWV��
WKH� +HDOWK�$VVHVVPHQW� 4XHVWLRQQDLUH��
WKH� )LEURP\DOJLD� ,PSDFW� 4XHVWLRQ-
QDLUH�DQG�=XQJ�'HSUHVVLRQ�DQG�$Q[LHW\�
6FDOHV�������
7KH� K\SRWKHVLV� WKDW� )0� LV� D� FHQWUDO�
VHQVLWLVDWLRQ�DQG�G\VUHJXODWLRQ�HPHUJH�
IURP�D�ODUJH�VWXG\�SHUIRUPHG�RQ��������
SDWLHQWV�ZLWK�)0��5$�DQG�RVWHRDUWKUL-
WLV� �2$�� ������ 7KH� DXWKRUV� REVHUYHG�
LQ� )0�PRUH� VHQVRU\� DQG� QRQ�VHQVRU\�
V\PSWRPV� WKDQ� LQ� RWKHU� SDWLHQWV� ZLWK�
UKHXPDWLF� GLVHDVH�� ,Q� SDUWLFXODU�� )0�
SDWLHQWV� VKRZHG� DQ� LQFUHDVHG� KHDULQJ�
ORVV�IUHTXHQF\�WKDQ�RWKHU�SDWLHQWV��DQG�
WKLV� ÀQGLQJ� PD\� VXSSRUW� WKH� FHQWUDO�
VHQVLWLVDWLRQ�RI�)0�
'HVSLWH� WKH� QRQ�LQÁDPPDWRU\� RULJLQ�
RI� )0�� VHYHUDO� VWXGLHV� KDYH� UHSRUWHG�
WKH� DOWHUDWLRQ� RI� VHYHUDO� F\WRNLQHV� LQ�
)0��*DUFLD�et al.�HYDOXDWHG�VHUXP�FRQ-
FHQWUDWLRQ�RI�YDULRXV�FKHPRNLQHV� ������
VXFK�DV� WK\PXV�DQG�DFWLYDWLRQ�UHJXODW-
HG� FKHPRNLQH� �7$5&���&&/����� PR-
QRNLQH� LQGXFHG� E\� JDPPD�LQWHUIHURQ�
�0,*���&;&/���� PDFURSKDJH�GHULYHG�
FKHPRNLQH� �0'&���&&/����� LQWHU-
IHURQ�LQGXFLEOH� 7�FHOO� DOSKD� FKHPRDW-
WUDFWDQW� �,�7$&���&;&/����� HRWD[LQ�
�&&/����� SXOPRQDU\� DQG� DFWLYDWLRQ�
UHJXODWHG�FKHPRNLQH��3$5&���&&/����
DQG� KDHPRÀOWUDWH� &&�FKHPRNLQH���
�+&&�����&&/����LQ�D�VPDOO�FRKRUW�RI�
)0� SDWLHQWV�� 7KH\� REVHUYHG� HOHYDWHG�
VHUXP� OHYHOV� RI� 7$5&�� 0,*�� 0('��
,�7$&� DQG� HRWD[LQ�� DQG� WKHVH� UHVXOWV�
FRXOG� EH� XVHIXO� WR� FKDUDFWHULVH� D� VXE-
JURXS�RI�SDWLHQWV��&\WRNLQH�SDWWHUQ�ZDV�
DOVR�VWXGLHG�E\�2NWD\RJOX�et al. E\�WKH�
GHWHFWLRQ�RI�KLJK�PRELOLW\�JURXS�ER[���
SURWHLQ� �+0*%���� D� SURLQÁDPPDWRU\�
F\WRNLQH�� LQ� ��� )0� SDWLHQWV�� 7KH� UH-
VHDUFKHU�IRXQG�KLJKHU�OHYHOV�RI�+0*%��

LQ�)0�SDWLHQWV�DQG�D�SRVLWLYH�FRUUHODWLRQ�
EHWZHHQ� WKLV� F\WRNLQH� DQG� ),4� VFRUH�
������&RUGHUR�et al.�LQ�D�VWXG\�RI�FRHQ-
]\PH�4��� UHSRUWHG� WKH�GHÀFLHQF\� DQG�
PWRFKRQGULDO� G\VIXQFWLRQ� LQ� )0�� 0L-
WRFKRQGULDO� G\VIXQFWLRQ�ZDV� DFFRPSD-
QLHG�E\�LQFUHDVHG�OHYHOV�RI�LQWHUOHXNLQ���
DQG� LQWHUOHXNLQ����� DQG� WKH� FRQFHSW� RI�
LQÁDPPDVRPH�� WKHUHIRUH�� VHHPHG� WR�
SOD\�D�FHQWUDO�UROH�LQ�)0������

Assessment
7KH�FRQWURYHUV\�EHWZHHQ�QHZ�DQG�ROG�
GLDJQRVWLF� FULWHULD� UHPDLQV� RSHQ�� DQG�
LQ�D�UHFHQW�HGLWRULDO��3URIHVVRUV�6DODIÀ�
DQG� 6DU]L�3XWWLQL� ZHUH� NHHQ� WR� SRLQW�
RXW� WKDW� WKH� UHVXOWV� RI� WKH� YDOLGDWLRQ�
DUH� FXUUHQWO\� VWLOO� RQJRLQJ��0RUHRYHU��
WKH\� UHSRUWHG� WKDW� DV�PDQ\�DV�����RI�
SDWLHQWV�GLDJQRVHG�DFFRUGLQJ�QHZ�SUR-
SRVHG� FULWHULD� GR� QRW� PHHW� WKH� ROGHU�
RQHV������
$QRWKHU�LPSRUWDQW�DVSHFW�RI�)0�HYDOX-
DWLRQ�LV�WKH�IRFXV�RQ�WUHDWPHQW�VDWLVIDF-
WLRQ�� $� *HUPDQ� JURXS� UHFHQWO\� SXE-
OLVKHG� DQ� LQWHUHVWLQJ� FURVV� VHFWLRQDO�
VWXG\��WKDW�HYDOXDWHG�SXWDWLYH�SDWLHQWV�
UHODWHG�SUHGLFWRUV�RI�WUHDWPHQW�VDWLVIDF-
WLRQ�LQ������)0�SDWLHQWV�E\�PHDQV�RI�D�
VHOI� UHSRUWHG�TXHVWLRQQDLUH� ������7KH\�
FRQFOXGHG� WKDW� VWDUWLQJ�ZLWK� WKH� WUHDW-
PHQW�RI�FRPRUELGLWLHV�VXFK�DV�GHSUHV-
VLRQ� FRXOG� EH� DQ� HIIHFWLYH� VWUDWHJ\� WR�
DFWLYHO\�FRSH�ZLWK�WKH�GLVHDVH��DQG�WKDW�
WKLV� DSSURDFK� PLJKW� SURYH� WR� EH� VXF-
FHVVIXO�LQ�LPSURYLQJ�RYHUDOO� WUHDWPHQW�
VDWLVIDFWLRQ�RI�)0�SDWLHQWV��
$� FRPPRQ� FKDOOHQJH� LQ� WKH� DVVHVV-
PHQW�RI�ÀEURP\DOJLD�LV�UHSUHVHQWHG�E\�
WKH�SV\FKLDWULF�FRPRUELGLW\��9HOWUL� DQG�
FROOHDJXHV� UHFHQWO\� HYDOXDWHG� D� QXP-
EHU�RI�WRROV�SRWHQWLDOO\�DEOH�WR�HYDOXDWH�
WKH� GHSUHVVLYH� FRPRUELG\� LQ� )0�� DQG�
WKH\�FRQFOXGHG�WKDW�WKH�PRRG�VSHFWUXP�
VHOI�UHSRUW� �022'�65�� LV�SDUWLFXODUO\�
DSSURSULDWH� IRU� VFUHHQLQJ� )0� SDWLHQWV�
������,Q�DGGLWLRQ��$OFLDWL�DQG�FROOHDJXHV�
����� VWXGLHG� WKH� SUHVHQFH� RI� ELSR-
ODUVSHFWUXP�GLVRUGHUV�XVLQJ�ERWK�D�FDW-
HJRULFDO� DQG� D� GLPHQVLRQDO� DSSURDFK��
7KH� ÀUVW� RQH� ZDV� EDVHG� RQ� D� YHUVLRQ�
RI� WKH� '60�,9� 6&,'�&9� LQWHUYLHZ��
PRGLÀHG� WR� LPSURYH� WKH� GHWHFWLRQ� RI�
ELSRODU�VSHFWUXP�GLVRUGHUV��WKH�VHFRQG�
RQH�ZDV�EDVHG�RQ�WKH�K\SRPDQLD�V\PS-
WRP�FKHFNOLVW�+&/�����ZKLFK�DGRSWV�D�
GLPHQVLRQDO� SHUVSHFWLYH� RI� WKH�PDQLF�

K\SRPDQLF�FRPSRQHQW�RI�PRRG��E\�LQ-
FOXGLQJ�VXE�V\QGURPDO�K\SRPDQLD��7KH�
UHVXOWV� VKRZHG�DQ�KLJKHU� IUHTXHQF\�RI�
ELSRODU� VSHFWUXP� LQ�)0�ZLWK�ERWK� DS-
SURDFKHV�� VXJJHVWLQJ� WKDW�ÀEURP\DOJLD�
PD\�EH�UHODWHG�WR�ELSRODU�VSHFWUXP�GLV-
RUGHUV��DQG�LQ�SDUWLFXODU�WR�WKH�K\SRPD-
QLD�RYHUDFWLYLW\�FRPSRQHQWV��

Therapies 
'XULQJ� WKH� ODVW�\HDU�� UHVHDUFKHUV� IURP�
DOO� DURXQG� WKH� JOREH� KDYH� SXEOLVKHG�
D� QXPEHU� RI� SDSHUV� FRQFHUQLQJ� WKH�
WKHUDS\�IRU�WKH�WUHDWPHQW�RI�)0�DQG�LWV�
V\PSWRPV��,Q�SDUWLFXODU��PDQ\�RI�WKHVH�
ZHUH� IRFXVHG� RQ� SK\VLFDO� DFWLYLWLHV��
UHKDELOLWDWLRQ�DQG�DOWHUQDWLYH�PHGLFLQH�
DQG��ZLWK� UHVSHFW� WR� SUHYLRXV� \HDUV�� D�
ORZHU�QXPEHU�ZHUH�UHODWHG�WR�SKDUPD-
FRORJLFDO�WKHUDSLHV�
%DSWLVWD� et al.� LQYHVWLJDWHG� WKH� UROH� RI�
EHOO\� GDQFH� LQ�)0�SDWLHQWV� ������7KH\�
VWXGLHG� ��� )0� SDWLHQWV� DQG� VKRZHG� D�
VLJQLÀFDQW� LPSURYHPHQW�RI�SDLQ� LQ� WKH�
GDQFH�JURXS��DV�ZHOO�DV�KLJKHU�)LEURP\-
DOJLD�,PSDFW�TXHVWLRQQDLUH��),4��VFRUHV�
DQG�ORZHU�PHQWDO�DQG�HPRWLRQDO�DFWLY-
LW\�VFRUHV�HYDOXDWHG�E\�6)����TXHVWLRQ-
QDLUH�� 7KH� DXWKRUV� SRLQW� RXW� WKH� LP-
SURYHPHQW�RI�VHOI�LPDJH�DV�DQ�LPSURYH-
PHQW�RI�TXDOLW\�RI�OLIH�LQ�)0�SDWLHQWV�
$QRWKHU� SDSHU� LQYHVWLJDWLQJ� WKH� UROH�
RI� SK\VLFDO� DFWLYLW\�ZDV� SXEOLVKHG� E\�
0DGGDOL�%RQJL�et al.�������7KH\�HYDOX-
DWHG� WKH� DSSOLFDWLRQ�RI� WKH�5HVVHJXLHU�
0HWKRG� DQG�4L�*RQJ� LQ�)0�SDWLHQWV��
7KH� 5HVVHJXLHU� 0HWKRG� LV� FODVVLÀHG�
DV�D�PLQG�ERG\�WKHUDS\�DLPLQJ� WR�RE-
WDLQ�JUHDWHU�FRQWURO�RI�ERG\�SHUFHSWLRQ��
ZKLOH� 4L� *RQJ� LV� DQ� DQFLHQW� RULHQWDO�
PHWKRG�EDVHG�RQ�UHVSLUDWRU\�DQG�PHQ-
WDO� WUDLQLQJ�� 7KH� SDWLHQWV� WUHDWHG� ZLWK�
ERWK�PHWKRGV�VKRZHG�D�VLJQLÀFDQW�LP-
SURYHPHQW�RI�SDLQ��GLVDELOLW\��DQG�TXDO-
LW\�RI�OLIH��4R/��DW�WKH�DQG�RI�WKH�WUHDW-
PHQW�SURWRFRO� ����ZHHNV���7KH�SK\VL-
FDO�UROH�DQG�SDLQ�LPSURYHPHQW�ZDV�DOVR�
VWXGLHG� E\�%HUWDQ�&DUULOOR� et al.� ������
,Q�D�VPDOO�FRKRUW�RI�SDWLHQWV��WKH\�HYDO-
XDWHG�WKH�UROH�RI�D�QLQH�PRQWK�SK\VLFDO�
H[HUFLVH�SURJUDPPH�RQ�)0�V\PSWRPV��
KLJKOLJKWLQJ�WKH�XVHIXOQHVV�RI�SK\VLFDO�
DFWLYLW\�QRW�RQO\�IRU�SDLQ�EXW�DOVR�IRU-
VRFLDO�LQWHUDFWLRQ��PRRG�DQG�FRJQLWLYH�
LPSDLUPHQW��$�GLIIHUHQW� RSLQLRQ� LV� LQ-
VWHDG�IRXQG�E\�WKH�DXWKRUV�RI�D�UHYLHZ�
RQ� \RJD� DQG� UKHXPDWLF� GLVHDVH� �����
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ZKR�FDPH�WR�WKH�FRQFOXVLRQ�WKDW�\RJD�
PD\� KDYH� RQO\� D� ZHDN� UHFRPPHQGD-
WLRQ� IRU� WKH� DQFLOODU\� PDQDJHPHQW� RI�
)0�� $QRWKHU� VWXG\� LQYHVWLJDWLQJ� WKH�
LPSDFW�RI�SK\VLFDO� WKHUDS\�RQ�)0�SD-
WLHQWV�ZDV�SXEOLVKHG�E\�/LSWDQ�*�et al.�
ZKR�HYDOXDWHG�WZR�WHFKQLTXHV�RI�ERG\�
PDVVDJH� ²� P\RIDVFLDO� UHODVH� WKHUDS\�
YHUVXV� 6ZHGLVK� PDVVDJH� ²� LQ� ��� )0�
SDWLHQWV� ������ ,Q� SDUWLFXODU�� �� SDWLHQWV�
UHFHLYHG� WKH�P\RIDVFLDO� UHOHDVH� WKHUD-
S\�DQG���WKH�6ZHGLVK�DSSURDFK��DQG�WKH�
DXWKRUV� REVHUYHG� DQ� LPSURYHPHQW� RI�
V\PSWRPV� LQ� ERWK� JURXSV�� 2EYLRXVO\��
DV�DGPLWWHG�E\�WKH�DXWKRUV��LW�LV�QHFHV-
VDU\�WR�H[WHQG�WKH�QXPEHU�RI�SDWLHQWV�WR�
VXSSRUW�WKHVH�GDWD��$Q�DOWHUQDWLYH�WUHDW-
PHQW� ZDV� VWXGLHG� DOVR� E\� ,DQQXFFHOOL 
et al��������ZKR�HYDOXDWHG�DFXSXQFWXUH�
SUDFWLFH� LQ����)0�SDWLHQWV��ZLWK�JRRG�
UHVXOWV�LQ�WHUPV�RI�SDLQ�UHOLHI�
$V� IRU� SKDUPDFRORJLFDO� WKHUDSLHV�� DQ�
LPSRUWDQW�WKHUDSHXWLF�RSWLRQ�IRU�)0�LV�
VWLOO�UHSUHVHQWHG�E\�VHURWRQLQ�QRUDGUHQ-
DOLQH� UHXSWDNH� LQKLELWRU� �615,���%DWH-
PDQ�et al�������HYDOXDWHG�WKH�VZLWFK�WR�
PLOQDFLSUDQ�LQ�SDWLHQWV�ZLWK�LQDGHTXDWH�
UHVSRQVH� WR� GXOR[HWLQ�� VXJJHVWLQJ� WKDW�
WKLV� DSSURDFK� PD\� KDYH� D� EHQHÀFLDO�
HIIHFW� LQ�PDQ\�SDWLHQWV�ZLWK�)0��7KH�
GUXJ� 0LOQDFLSUDQ� ZDV� WKH� REMHFW� RI�
DQRWKHU� VWXG\� SXEOLVKHG� E\� %HUQVWHLQ�
et al�� �����ZKR�XQGHUOLQHG� WKH�PRGHVW�
DFWLYLW\� RI� PLOQDFLSUDQ� LQ� SDLQ� UHOLHI��
HVSHFLDOO\�ZKHQ�XVHG� DORQH��1RQHWKH-
OHVV��PLOQDFLSUDQ�KDV�EHHQ�FRQÀUPHG�WR�
EH�HIIHFWLYH�IRU� WKH� WUHDWPHQW�RI�VRPH�
V\PSWRPV�DVVRFLDWHG�ZLWK�)0��VXFK�DV�
IDWLJXH�DQG�FRJQLWLYH�LPSDLUPHQW�
$OVR�$QJ�et al�������LQYHVWLJDWHG�WKH�HI-
IHFW�RI�PLOQDFLSUDQ�LQ�FRPELQDWLRQ�ZLWK�
FRJQLWLYH�EHKDYLRXUDO� WKHUDS\�� )LIW\�
HLJKW�)0�SDWLHQWV�ZHUH� UDQGRPLVHG� LQ�
WKUHH�VWXG\�DUPV��FRPELQDWLRQ�WKHUDS\��
PLOQDFLSUDQ�SOXV�HGXFDWLRQ�SURJUDPPH��
DQG�FRJQLWLYH�EHKDYLRXUDO�WKHUDS\�SOXV�
SODFHER��7KH\�REVHUYHG�D�PRGHUDWH�HI-
IHFW�RI�FRPELQDWLRQ�WKHUDS\�LQ�SK\VLFDO�
IXQFWLRQ�GRPDLQ�DQG�D�VPDOO�HIIHFW�RQ�
SDLQ� UHGXFWLRQ��7KH� OLPLW� RI� WKH� VWXG\�
ZDV� WKH� VPDOO� QXPEHU� RI� SDWLHQWV��
KRZHYHU�� LW� FRQÀUPHG� WKH� LPSRUWDQFH�
RI� D� PXOWLGLPHQVLRQDO� DSSURDFK� IRU�
WKH� WUHDWPHQW� RI� )0�� 1HZ� SURPLVLQJ�
WKHUDSLHV� IRU� )0� DUH� WKH� DJRQLVWV� RI�
��+7��&��UHFHSWRU��7KUHH���+7��&��UH-
FHSWRU�DJRQLVWV��ORUFDVHULQ��YDELFDVHULQ�

DQG�<0������ZKLFK�ZHUH� IRXQG� WR�EH�
XVHIXO� LQ� WKH� WUHDWPHQW�RI� VHYHUDO� FHQ-
WUDO�QHUYRXV�V\VWHP�GLVHDVHV��LQFOXGLQJ�
REHVLW\�DQG�VFKL]RSKUHQLD��ZHUH�HYDOX-
DWHG�� 2JLQR� et al�� VWXGLHG� WKH� HIIHFWV�
RI� WKHVH�PROHFXOHV� LQ� D� DQLPDO�PRGHO�
RI� )0� ������ 7KH� HIIHFW� RI� V\VWHPLF�
DGPLQLVWUDWLRQ� RI� WKHVH� DJHQWV� RQ� WKH�
PXVFXODU� K\SHUDOJHVLD� GHYHORSHG� E\�
UHVHUSLQH�LQGXFHG�P\DOJLD�UDWV�²�D�SX-
WDWLYH�PRGHO� RI� )0� ²� JHQHUDWHV� D� GH-
FUHDVH�LQ�PXVFOH�SDLQ�WKUHVKROG��7KHVH�
UHVXOWV��LQ�DGGLWLRQ�WR�WKH�SRVVLELOLW\�WR�
GHYHORS�QHZ�GUXJV�IRU�)0��DUH�DOVR�RI�
JUHDW�LQWHUHVW�IRU�VWXGLHV�RQ�VHURWRQLQ�DV�
D�FHQWUDO�QHXURWUDQVPLWWHU�ZLWK�D�UROH�LQ�
PXVFXODU�K\SHUDOJHVLD�
$QRWKHU�GUXJ�VWXGLHG� LQ�D� UDQGRPLVHG�
GRXEOH�EOLQG�WULDO�ZDV�QDOWUH[RQH�������
,Q�WKLV�VPDOO�VL]H�VWXG\�WKH�UHVHDUFKHUV�
HYDOXDWHG� WKH� HIIHFWLYHQHVV� RI� D� ORZ�
GRVDJH� RI� QDOWUH[RQH� ����� PJ�GD\�� LQ�
SDLQ� UHGXFWLRQ�� 7KH� VPDOO� FRKRUW� RI�
SDWLHQWV� WUHDWHG� ZLWK� WKH� GUXJ� UHSRUW-
HG� D� VSHFLÀF� DQG� FOLQLFDOO\� EHQHÀFLDO�
LPSDFW� RQ� ÀEURP\DOJLD� SDLQ� ZLWKRXW�
VDIHW\�FRQFHUQV��7KH�DXWKRUV�VXJJHVWHG�
D� ODUJH� FOLQLFDO� WULDO� WR� LQYHVWLJDWH� WKH�
UHDO�HIÀFDF\�RI�WKLV�GUXJ�
$� PHWD�DQDO\VLV� RQ� WKH� )0� PDQDJH-
PHQW� HYDOXDWHG� WKH� SKDUPDFRORJLFDO�
DQG� QRQ�SKDUPDFRORJLFDO� DSSURDFK� LQ�
)0� ������ %\� DQDO\VLQJ� WKH� OLWHUDWXUH�
WKH� DXWKRUV� VSHFXODWHG� WKDW� WKH� PRVW�
UHOHYDQW� EHQHÀW� IRU� )0� GHULYHG� IURP�
SUHJDEDOLQ�DQG�615,�DV�SKDUPDFRORJL-
FDO� LQWHUYHQWLRQV�� WRJHWKHU�ZLWK�PXOWL-
FRPSRQHQW� WKHUDS\�� DHURELF� H[HUFLVH�
DQG� FRJQLWLYH� EHKDYLRXUDO� WKHUDS\� DV�
QRQ�SKDUPDFRORJLFDO�LQWHUYHQWLRQV�
7KH� PXOWLGLVFLSOLQDU\� DSSURDFK� VHHP�
WR�EH�YHU\�XVHIXO� LQ�)0�PDQDJHPHQW��
,Q�D�UDQGRPLVHG�WULDO�SXEOLVKHG�E\�0D-
WLQ�et al���WKH�DXWKRUV�HYDOXDWHG�WKH�DS-
SURDFK�EDVHG�RQ�SV\FKRORJLFDO��PHGL-
FDO�� HGXFDWLRQDO�� DQG� SK\VLRWKHUDSHX-
WLFFRPSRQHQWV� RYHU� WLPH�� FRPSDUHG�
WR�VWDQGDUG�SKDUPDFRORJLFDO�FDUH�������
7KH\� REVHUYHG� D� VLJQLÀFDQW� LPSURYH-
PHQW� LQ�TXDOLW\�RI� OLIH�� SK\VLFDO� IXQF-
WLRQ�DQG�SDLQ� LQ�SDWLHQWV� WUHDWHG�XVLQJ�
WKH�PXOWLGLVFLSOLQDU\� SURJUDPPH�ZLWK�
UHVSHFW�WR�WKH�JURXS�RI�SDWLHQWV�WUHDWHG�
ZLWK�D�WUDGLWLRQDO�DSSURDFK��
,Q� D� UHYLHZ� UHFHQWO\� SXEOLVKHG�� %HU-
QDUG\� et al�� VWXGLHG� WKH� LPSRUWDQFH� RI�
FRJQLWLYH� EHKDYLRXUDO� WKHUDS\� LQ� )0�

������ 7KH� DXWKRUV� XQGHUOLQHG� WKH� ORZ�
JUDGH�RI�DFFXUDF\�RI�VWXGLHV�SHUIRUPHG��
ZKLFK� FDQ�RQO\� VXJJHVW� D� VPDOO� LQFUH-
PHQWDO�EHQHÀW�LQ�WKH�UHGXFWLRQ�RI�SDLQ��
QHJDWLYH�PRRG�DQG�GLVDELOLW\��
$QRWKHU� QRQ�WUDGLWLRQDO� WHFKQLTXH� UH-
FHQWO\�HYDOXDWHG�IRU�)0�ZDV�WKH�WUDQV-
FXWDQHRXV� HOHFWULFDO� QHUYH� VWLPXODWLRQ�
�7(16���&DUERQDULR�et al������HYDOXDW-
HG�WKH�7(16�UHVXOWV�LQ�D�VPDOO�FRKRUW�RI�
)0�SDWLHQWV��E\�DQ�DVVHVVPHQW�RI�4R/��
SDLQ� DQG� WHQGHU� SRLQWV� SDLQ� WKUHVKROG��
7KH�SDWLHQWV� WUHDWHG�E\�7(16�UHDFKHG�
D� SDLQ� GHFUHDVH� KLJKHU� WKDQ� WKH� FRQ-
WURO�JURXS��DV�ZHOO�DV�DQ� LPSURYHPHQW�
RI�4R/� DQG� D� UHGXFWLRQ� RI� DQ[LHW\�� ,Q�
FRQFOXVLRQ�� WKH\� UHSRUWHG� DQ� HIIHFWLYH�
UROH� RI� 7(16� LQ� SDLQ� UHOLHI� DQG� )0�
V\PSWRPV�FRQWURO�ZLWK�VKRUW��WHUP�)0�
PDQDJHPHQW���
0RUHRYHU�� IRU� VWXGLHV� LQYHVWLJDWHG� WKH�
HIIHFWLYHQHVV�RI�WUDQVFUDQLDO�GLUHFW�FXU-
UHQW�VWLPXODWLRQ�LQ�)0�SDWLHQWV��W'&6���
7KH�W'&6�LQGXFHV�FKDQJHV�LQ�QHXURQDO�
DFWLYLW\� WKDW� PD\� DIIHFW� FRJQLWLRQ� DQG�
DQDOJHVLD��9LOODPDU�et al��HYDOXDWHG�WKH�
HIIHFWV�RI�W'&6�LQ����)0�SDWLHQWV��ZLWK�
LQWHUHVWLQJ�UHVXOWV� LQ� WHUP�RI�SHUFHLYHG�
SDLQ� ������7KH� VDPH� UHVXOWV�� HYDOXDWHG�
E\� WKH� IXQFWLRQDO� PDJQHWLF� UHVRQDQFH��
ZHUH�SURSRVHG�E\�7D\ORU�et al��������ZKR�
REVHUYHG�D�GHFUHDVHG�DFWLYDWLRQ�LQ�SDLQ�
SURFHVVLQJ�UHJLRQV��$QRWKHU�VPDOO� WULDO�
RQ� W'&6�ZDV� SURSRVHG� E\� /HH� et al���
ZKR�REVHUYHG�D�VLJQLÀFDQW�UHGXFWLRQ�LQ�
%HFN�'HSUHVVLRQ�4XHVWLRQQDLUH� VFRUHV�
DQG�),4�VFRUHV�E\�WKH�DSSOLFDWLRQ�RI�D�
UHSHWLWLYH� WUDQVFUDQLDO�PDJQHWLF� VWLPX-
ODWLRQ� ������8VLQJ� WKH� VDPH� WHFKQLTXH��
%DXGLF�et al��REWDLQHG�DQ�LPSURYHPHQW�
RI�FRJQLWLYH�DVSHFW�LQ�)0�SDWLHQWV�������
$OWKRXJK�DOO�VWXGLHV�ZHUH�SHUIRUPHG�RQ�
D�IHZ�SDWLHQWV��WKH�UDQGRPLVDWLRQ�ZLWK�D�
VKDP�WUHDWPHQW�ZDV�DOZD\V�SHUIRUPHG��
DQG�WKH�UHVXOWV�VHHP�WR�EH�LQWHUHVWLQJ�HV-
SHFLDOO\�ZLWK�UHVSHFW�WR�SDLQ�DQG�FRJQL-
WLYH�GLVRUGHUV�
,Q�UHFHQW�\HDUV�DOVR�QXWULWLRQDO�DVSHFWV�
DQG�WKH�XVH�RI�DSSURSULDWHG�VXSSOHPHQ-
WDWLRQ� IRU� WKH� WUHDWPHQW� RI� )0� KDYH�
EHHQ� WKH�REMHFWV�RI�H[WHQVLYH�UHVHDUFK�
DFWLYLWLHV��)RU� LQVWDQFH��&RUGHUR�et al���
SURSRVHG�D�VPDOO�GRXEOH�EOLQG��SODFHER�
FRQWUROOHG�� FOLQLFDO� WULDO� RQ� WKH� HIIHF-
WLYHQHVV� RI� FRHQ]\PH�4��� LQ� )0�SD-
WLHQWV�������7KH\�XQGHUOLQHG�WKH�FOLQLFDO�
LPSURYHPHQW� LQ� WHUPV� RI� ),4� UHGXF-
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WLRQ�� SDLQ�� IDWLJXH� DQG�PRUQLQJ� WLUHG-
QHVV��DIWHU�&R4���VXSSOHPHQWDWLRQ
,Q� DGGLWLRQ�� D� GLHWDU\� DSSURDFK� ZDV�
HYDOXDWHG� E\� +ROWRQ� et al�� ������ ZKR�
UHFUXLWHG� ��� )0� SDWLHQWV�ZLWK� DQ� LUUL-
WDEOH� ERZHO� V\QGURPH� DV� FRPRUELGLW\��
SODFLQJ�WKHP�RQ�D���ZHHN�PRQRVRGLXP�
JOXWDPDWH�IUHH�GLHW��ZKLFK�VHHPHG�WR�EH�
HIIHFWLYH�LQ�LPSURYLQJ�)0�V\PSWRPV�
$� IHZ�PRQWKV� ODWHU��%DJLV� et al�� SXE-
OLVKHG� WKH� UHVXOWV� RI� D� VWXG\� LQ�ZKLFK�
WKH\� KDG� HYDOXDWHG� WKH� PDJQHVLXP�
EDVHG� WUHDWPHQW� LQ� D� VPDOO� FRKRUW� RI�
)0�SDWLHQWV�������7KH\�KDG�GLYLGHG�WKH�
HQUROOHG�)0�SDWLHQWV�LQWR�WKUHH�JURXSV��
WKH� ÀUVW� RQH� WUHDWHG�ZLWK� ����PJ�GD\�
RI�PDJQHVLXP� FLWUDWH�� WKH� VHFRQG� RQH�
RQ� DPLWULSW\OLQH� ��� PJ�GD\�� DQG� WKH�
WKLUG�RQH�ZLWK�WKH�FRPELQDWLRQ�WKHUDS\�
EDVHG�RQ�PDJQHVLXP�DQG�DPLWULSW\OLQH��
7KH�FRPELQDWLRQ�WKHUDS\�SURYHG�WR�EH�
HIIHFWLYH� IRU� DOO� LQYHVWLJDWHG� SDUDP-
HWHUV�ZLWK�WKH�H[FHSWLRQ�RI�QXPEQHVV�
$� VLQJXODU� DSSURDFK� LQ� )0� PDQDJH-
PHQW�ZDV�SURSRVHG�E\�+LGDOJR�7DOORQ�
et al��������,Q�DQ�RSHQ�ODEHO�VWXG\��WKH\�
HYDOXDWHG� WKH� HIIHFWLYHQHVV� DQG� WROHU-
DELOLW\�RI�UHFWDO�LQVXIÁDWLRQV�RI�R]RQH��
7KH\�REVHUYHG�D�UHGXFWLRQ�RI�),4�WRWDO�
VFRUHV� DQG� D� VLJQLÀFDQW� LPSURYHPHQW�
ZDV�DOVR�VHHQ�ERWK�LQ�GHSUHVVLRQ�VFRUHV�
DQG�LQ�WKH�3K\VLFDO�6XPPDU\�6FRUH�RI�
WKH�6)�����$V�RQH�FDQ�HDVLO\�VXSSRVH��
PHWHRULVP�ZDV�WKH�PRVW�IUHTXHQWO\�UH-
SRUWHG�VLGH�HIIHFW�
6RPH� OLPLWDWLRQV� RI� FOLQLFDO� WULDOV� FDU-
ULHG�ZLWK�)0�SDWLHQWV�GHULYH� IURP� WKH�
VWXG\�GHVLJQ��LQ�SDUWLFXODU�IRU�SODFHER�
FRQWUROOHG�VWXGLHV��$Q�LQWHUHVWLQJ�PHWD�
DQDO\VLV�WKDW�HYDOXDWHG����VWXGLHV�IRU�D�
WRWDO�RI������SDWLHQWV�HQUROOHG�������DV-
VHUWHG� WKDW� WKH�SODFHER�DQG�QRFHER�UH-
VSRQVH�LQ�)0�FOLQLFDO�WULDOV�LV�D�FUXFLDO�
LVVXH��ZLWK�D�SRROHG�HVWLPDWHG�DW�����LQ�
SDLQ�UHGXFWLRQ�ZKLFK�LV��������DV�ZHOO�
DV�D�GURS�RXW�UDWH�RI�������LQ�SODFHER�
JURXSV��7KHVH�ÀQGLQJV�LPSRVH�D�FULWLFDO�
REVHUYDWLRQ�RI�FOLQLFDO�WULDOV�RQ�)0�

Conclusion
'XULQJ�ODVW�\HDU��QR�VLJQLÀFDQW�QRYHOW\�
ZDV�LQWURGXFHG�LQ�)0�FRQFHUQLQJ�HWKL-
RSDWKRJHQHVLV��WKHUDSHXWLF�DSSURDFK�RU�
DVVHVVPHQW��
$V� IDU� DV� )0� WUHDWPHQW� LV� FRQFHUQHG��
FRPSOHPHQWDU\� DQG� DOWHUQDWLYH� PHGL-
FLQH� VHHP� WR� GRPLQDWH� WKH� VFHQH�� HV-

SHFLDOO\� LI�ZH� FRQVLGHU� WKH� QXPEHU� RI�
SDSHUV�RQ�SK\VLFDO�WKHUDSLHV��7KH�FULWL-
FLVP�RI�PRVW�RI�WKHVH�VWXGLHV�LV�UHODWHG�
WR� WKH� QXPEHU� RI� SDWLHQWV� WUHDWHG� DQG�
WKH� SUHVHQFH� RI� FRQWURO� JURXSV�� 1RQH�
RI� WKH� WUDGLWLRQDO� GUXJV� KDV� EHHQ� GH-
YHORSHG� IRU� )0�� DQG� WKH� IHZ� VWXGLHV�
SXEOLVKHG�ODVW�\HDU�LQYROYHG�615,��7KH�
VDPH�QHJDWLYH�REVHUYDWLRQ�LV�UHODWHG�WR��
SDWKRJHQVLV�� LQ�IDFW�QRQH�RI� WKH�UHFHQW�
SDSHUV� VHHPV� WR� UHSUHVHQW� D�PLOHVWRQH�
IRU�VFLHQWLÀF�UHVHDUFK�LQ�WKH�ÀHOG�RI�)0��
2YHU�WKH�\HDUV�PDQ\�K\SRWKHVHV�RQ�WKH�
RQVHW�RI�GLVHDVH�KDYH�EHHQ�IRUPXODWHG��
DQG� WKH� PRVW� DFFUHGLWHG� RQHV� UHPDLQ�
WKRVH� LQYROYLQJ� F\WRNLQHV�� LQÁDPPD-
WLRQ�DQG�R[LGDWLYH�VWUHVV��1HYHUWKHOHVV��
VRPH� RULJLQDO� DQG� LQQRYDWLYH� SDSHUV�
KDYH� EHHQ� VXEPLWWHG� LQ� WKH� ODVW� \HDU��
RQH�RI�WKHVH�LV�SUREDEO\�WKH�RQH�HYDOX-
DWLQJ�)0�FRPRUELGLW\�LQ�RWKHU�UKHXPDW-
LF�GLVHDVHV�������,QGHHG�WKH�SUHVHQFH�RI�
)0� FRXOG� DJJUDYDWH� WKH� V\PSWRPV� RI�
RWKHU� UKHXPDWLF� GLVHDVHV�� DOVR� OHDGLQJ�
WR� PLVGLDJQRVLV� DQG� RYHUWUHDWPHQW� RI�
SDWLHQWV�� WKLV� ÀQGLQJ� FHUWDLQO\� SOD\V� D�
FUXFLDO�UROH�LQ�WHUPV�RI�VRFLRHFRQRPLF�
EXUGHQ��ERWK�IRU�)0�DQG�WKH�RWKHU�UKHX-
PDWLF�GLVHDVHV���
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