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Incidence and predictors of adverse clinical events in 
patients with rheumatoid arthritis and asymptomatic 

left ventricular systolic dysfunction
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Abstract
Objective

Patients with rheumatoid arthritis (RA) are exposed to impairment in left ventricular (LV) function, which is a 
prognosticator of poorer clinical outcomes. In this study we assessed prevalence and factors associated with adverse 

outcomes in patients with RA and asymptomatic LV systolic dysfunction (LVSD). 

Methods
We prospectively analysed 102 RA patients with asymptomatic LVSD consecutively selected by a pool of 418 RA patients 
UHIHUUHG�WR�WKH�'LYLVLRQ�RI�5KHXPDWRORJ\��8QLYHUVLW\�RI�9HURQD��EHWZHHQ�0DUFK������DQG�0DUFK�������/96'�ZDV�GHÀQHG�
DV�LPSDLUHG�JOREDO�ORQJLWXGLQDO�VWUDLQ��*/6��PHDVXUHG�E\�HFKRFDUGLRJUDSK\��7KH�SUH�VSHFLÀHG�VWXG\�HQG�SRLQWV�ZHUH�

all-cause death/hospitalisation, and death/hospitalisation for cardiovascular cause. 

Results
During a follow-up of 35 [13–54] months, all-cause death/hospitalisation occurred in 40 patients (39%). No patient died 

during the follow-up, 18 patients (18% of the study population) had a cardiovascular event which required hospitalisation, 
while 22 (22% of patients) required hospitalisation, but this was unrelated to CV. Multiple Cox regression analysis 

LGHQWLÀHG�ZRUVH�UHQDO�IXQFWLRQ��PRUH�IUHTXHQW�XVH�DQG�D�KLJKHU�QXPEHU�RI�ELRORJLF�'0$5'V�XVHG�EHIRUH�HQUROPHQW�DV�
independent predictors of all-causes hospitalisation. The same variables together with higher LV mass predicted CV 

hospitalisation. Prognostic cut-off points were 90 ml/min/1.73 m2�IRU�JORPHUXODU�ÀOWUDWLRQ�UDWH�DQG����J�P2.7 for LV mass. 

Conclusion
RA patients with asymptomatic LVSD have a very high rate of all-cause and cardiovascular hospitalisation at mid-term 

follow-up, predicted by worse renal function, higher LV mass, more frequent use and higher number of biologic 
DMARDs used before enrolment, suggesting that biologic DMARDs refractory is a proxy of adverse events.
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Introduction
$V\PSWRPDWLF�OHIW�YHQWULFXODU��/9��V\V-
WROLF� G\VIXQFWLRQ� �/96'�� LV� GHWHFWDEOH�
E\�VHYHUDO�HFKRFDUGLRJUDSKLF�WHFKQLTXHV�
LQ� D� FRQVLVWHQW� SURSRUWLRQ� RI� SDWLHQWV�
ZLWK�UKHXPDWRLG�DUWKULWLV��5$��DQDO\VHG�
LQ�SULPDU\�SUHYHQWLRQ� �������+DHPRG\-
QDPLF�FDXVHV� WRJHWKHU�ZLWK�RWKHU�XQID-
YRXUDEOH�QRQ�KDHPRG\QDPLF�FRQGLWLRQV�
UHODWHG� WR�5$�VWDWXV� �SUR�LQÁDPPDWRU\��
LPPXQR�PRGXODWRU\�� F\WRWR[LF� PRO-
HFXOHV� DQG� K\SHU�DFWLYDWHG� QHXUR�KRU-
PRQDO� SDWKZD\V� VXFK� DV� UHQLQ�DQJLR-
WHQVLQ�DOGRVWHURQH�V\VWHP���������FRXOG�
EH� LQYROYHG� LQ� WKH� JHQHVLV� RI� /96'�
IRXQG� LQ� WKHVH�VXEMHFWV��/96'�LV� IDLWK-
IXOO\�DVVRFLDWHG�ZLWK�DGYHUVH�RXWFRPHV�
LQ�D�QXPEHU�RI�SDWLHQWV�DW�LQFUHDVHG�ULVN�
IRU�DGYHUVH�FDUGLRYDVFXODU� �&9��HYHQWV�
VXFK�DV� WKRVH�ZLWK�DRUWLF� VWHQRVLV� ������
GLDEHWHV�PHOOLWXV�������DUWHULDO�K\SHUWHQ-
VLRQ� ������ DOVR� LQFOXGLQJ� 5$� SDWLHQWV�
WKHPVHOYHV������/LWWOH�LQIRUPDWLRQ�H[LVWV�
RQ�WKH�SUHGLFWRUV�DQG�SUHYDOHQFH�RI�DG-
YHUVH�FOLQLFDO�HYHQWV�LQ�WKH�KLJK�ULVN�VXE-
JURXS�RI�5$�SDWLHQWV�ZLWK�DV\PSWRPDWLF�
/96'�ZKR�KDYH�QHYHU�EHHQ�DQDO\VHG�LQ�
GHWDLO��$FFRUGLQJO\��WKH�SXUSRVHV�RI�WKLV�
VWXG\�ZHUH�WR�DVVHVV�SUHYDOHQFH�DQG�IDF-
WRUV� DVVRFLDWHG� ZLWK� DGYHUVH� RXWFRPHV�
LQ� SDWLHQWV�ZLWK� 5$� DQG� DV\PSWRPDWLF�
/96'�DQDO\VHG�LQ�SULPDU\�SUHYHQWLRQ��

Methods
Study population
7KH�LQLWLDO�VWXG\�SRSXODWLRQ�FRPSULVHG�
���� QRQ�LQVWLWXWLRQDOLVHG� VXEMHFWV� !���
\HDUV� RI� DJH� ZLWK� 5$� GLDJQRVHG� E\�
FOLQLFDO� DQG� ODERUDWRU\� H[DPLQDWLRQ�
DFFRUGLQJ� WR� WKH�$PHULFDQ�&ROOHJH� RI�
5KHXPDWRORJ\� FULWHULD� ������ $PRQJ�
WKHVH� ���� SDWLHQWV�� ���� ������ KDG�
/96'� DW� HFKRFDUGLRJUDSKLF� EDVHOLQH�
HYDOXDWLRQ� �VHH� ´HFKRFDUGLRJUDSK\µ�
SDUDJUDSK�EHORZ�IRU�GHWDLOV���WKHVH�SD-
WLHQWV�IRUPHG�WKH�ÀQDO�SRSXODWLRQ�ZKLFK�
ZDV�DQDO\VHG�LQ�WKH�SUHVHQW�VWXG\��3DU-
WLFLSDQWV� ZHUH� FRQVHFXWLYHO\� UHFUXLWHG�
IURP�0DUFK������WR�0DUFK������DW�WKH�
'LYLVLRQ�RI�5KHXPDWRORJ\��'HSDUWPHQW�
RI� 0HGLFLQH�� 8QLYHUVLW\� DQG� $]LHQGD�
2VSHGDOLHUD� 8QLYHUVLWDULD� ,QWHJUDWD� RI�
9HURQD��,WDO\��ZLWK�IXOO\�DFFHVVLEOH�FDU-
GLDF� XQLWV� SURYLGHG� LQ� ZKLFK� SDWLHQWV�
XQGHUZHQW� HFKRFDUGLRJUDSKLF�� FOLQLFDO�
DQG�ODERUDWRU\�HYDOXDWLRQV��
$OO� VXEMHFWV� ZHUH� IUHH� RI� V\PSWRPV�

VLJQV�RI�FDUGLDF�GLVHDVH��([FOXVLRQ�FUL-
WHULD�ZHUH� D� KLVWRU\� RI�P\RFDUGLDO� LQ-
IDUFWLRQ�� P\RFDUGLWLV� RU� KHDUW� IDLOXUH��
FRURQDU\� KHDUW� GLVHDVH� GLDJQRVHG� E\�
FOLQLFDO�� HOHFWURFDUGLRJUDSKLF� HYDOXD-
WLRQ�DW�UHVW�DQG�E\�WKH�UHVXOWV�RI�H[HUFLVH�
VFLQWLJUDSK\�HFKR�VWUHVV� WHVW�� DOFRKROLF�
FDUGLRP\RSDWK\�� SULPDU\� K\SHUWURSKLF�
FDUGLRP\RSDWK\�� DV\PSWRPDWLF� NQRZQ�
/96'�� SULRU� P\RFDUGLDO� UHYDVFXODUL-
VDWLRQ�� VLJQLÀFDQW� YDOYH� KHDUW� GLVHDVH��
DWULDO�ÀEULOODWLRQ��$OO�SDWLHQWV�JDYH�ZULW-
WHQ�LQIRUPHG�FRQVHQW�VLJQLQJ�D�VSHFLÀF�
LQVWLWXWLRQDO� FRQVHQW� IRUP�� WKH� VWXG\�
ZDV�DSSURYHG�E\�(WKLFDO�&RPPLWWHHV�RI�
WKH�9HURQD�8QLYHUVLW\�DQG�FRQIRUPV�WR�
WKH�HWKLFDO�JXLGHOLQHV�RI�WKH�'HFODUDWLRQ�
RI�+HOVLQNL�DV�UHYLVHG�LQ������

'HÀQLWLRQV
:H� GHÀQHG� SDWLHQWV� DV� ELRORJLF� GLV-
HDVH�PRGLI\LQJ� DQWL�UKHXPDWLF� GUXJV�
�'0$5'V��UHIUDFWRU\�RQ�WKH�GDWH�WKH\�
KDG�VWDUWHG�WKHLU�WKLUG�FODVV�RI�ELRORJLF�
'0$5'V�EHIRUH�WKH�HQUROPHQW�LQWR�WKH�
VWXG\�������+\SHUWHQVLRQ�ZDV�GHÀQHG�DV�
V\VWROLF�EORRG�SUHVVXUH�RI������PP+J�
DQG�RU�D�GLDVWROLF�EORRG�SUHVVXUH�RI�����
PP+J�DQG�RU�SKDUPDFRORJLFDOO\�WUHDW-
HG�EORRG�SUHVVXUH�RI�XQNQRZQ�DHWLROR-
J\��2EHVLW\�ZDV�UHFRJQLVHG�ZKHQ�ERG\�
PDVV�LQGH[��%0,������NJ�P2��'\VOLSL-
GDHPLD� ZDV� GHÀQHG� DV� OHYHOV� RI� WRWDO�
VHUXP� FKROHVWHURO� !����PJ�G/� DQG� RU�
WULJO\FHULGHV�!����PJ�G/�RU�SKDUPDFR-
ORJLFDOO\�WUHDWHG�KLJK�OLSLG�VHUXP�OHYHOV��
7R�DVVHVV�UHQDO�IXQFWLRQ�ZH�FRQVLGHUHG�
WKH�JORPHUXODU�ÀOWUDWLRQ�UDWH��*)5��HVWL-
PDWHG�ZLWK�WKH�&.'�(3,�HTXDWLRQ��
7KH�SUH�VSHFLÀHG�SULPDU\�HQG�SRLQW�RI�
WKH�VWXG\�ZDV�GHÀQHG�DV�D�FRPSRVLWH�RI�
DOO�FDXVH�GHDWK�RU�DOO�FDXVH�KRVSLWDOLVD-
WLRQ��:H�DOVR� FRQVLGHUHG� D� FR�SULPDU\�
HQG�SRLQW�GHÀQHG�DV�GHDWK�RU�KRVSLWDOL-
VDWLRQ�IRU�&9�FDXVHV��7KH�IROORZ�XS�LQ-
IRUPDWLRQ�ZDV�REWDLQHG�HYHU\���PRQWKV�
E\�YLVLWLQJ�RU�LQWHUYLHZLQJ�WKH�SDWLHQWV�
DQG�RU�WKHLU�UHODWLYHV��)ROORZ�XS�ODVWHG�
VLQFH�0DUFK���� ����� WR�'HFHPEHU�����
������$OO�FOLQLFDO�HYHQWV�ZHUH�H[DPLQHG�
E\�DQ�LQGHSHQGHQW�HQG�SRLQW�FODVVLÀFD-
WLRQ�FRPPLWWHH��(DFK�FOLQLFDO�HYHQW�ZDV�
GLDJQRVHG�DQG�FODVVLÀHG�E\�WKUHH�H[SHUW�
FOLQLFLDQV� ZKR� DQDO\VHG� LQ� GHWDLO� WKH�
FOLQLFDO�UHSRUWV��YDOLGDWHG�WKH�HQGSRLQWV�
and formally generated the information 
ZKLFK�PLJUDWHG�LQWR�WKH�GDWDEDVH��
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Echocardiography
$OO� 'RSSOHU�HFKRFDUGLRJUDSKLF� VWXG-
LHV�ZHUH�SHUIRUPHG�XVLQJ�$OSKD�(VDRWH�
%LRPHGLFD� PDFKLQH� �)ORUHQFH�� ,WDO\��
HTXLSSHG�ZLWK�D����²����0+]�DQQXODU�
DUUD\� WUDQVGXFHU� IROORZLQJ� D� VWDQGDUG-
LVHG� SURWRFRO� E\� H[SHULHQFHG� FDUGL-
RORJLVWV�� /9� FKDPEHU� GLPHQVLRQV� DQG�
ZDOO� WKLFNQHVVHV�ZHUH�PHDVXUHG�E\� WKH�
$PHULFDQ�6RFLHW\�RI�(FKRFDUGLRJUDSK\�
JXLGHOLQHV� DQG� /9� PDVV� ZDV� FDOFXODW-
HG� XVLQJ� D� YDOLGDWHG� IRUPXOD� ������ /9�
PDVV�ZDV� QRUPDOLVHG� IRU� KHLJKW� WR� WKH�
����SRZHU�DQG�/9�K\SHUWURSK\�ZDV�GH-
ÀQHG�DV�/9�PDVV�������J�P2.7 for men 
DQG�������IRU�ZRPHQ�������5HODWLYH�ZDOO�
WKLFNQHVV� ZDV� FDOFXODWHG� DV� WKH� UDWLR�
�HQG�GLDVWROLF�SRVWHULRU�ZDOO�WKLFNQHVV�
/9� GLDPHWHU� DQG� LQGLFDWHG� FRQFHQWULF�
/9�JHRPHWU\�LI��������WKH������SHUFHQ-
WLOH� LQ� D� QRUPDO� SRSXODWLRQ�� ������ /9�
HQG�GLDVWROLF� DQG� HQG�V\VWROLF� YROXPHV�
ZHUH�PHDVXUHG�E\�WKH�ELSODQH�PHWKRG�RI�
GLVNV� IURP��'�DSLFDO��� DQG���FKDPEHU�
YLHZ�DQG�XVHG� WR�FDOFXODWH�/9�HMHFWLRQ�
IUDFWLRQ��/9()���UHGXFHG�LI�������
/9� V\VWROLF� IXQFWLRQ� ZDV� DVVHVVHG� E\�
;VWUDLQ� �'� 6SHFNOH� 7UDFNLQJ� WHFKQRO-
RJ\� VRIWZDUH� �(6$27(� %LRPHGLFD� ��
)ORUHQFH��,WDO\���$SLFDO��'�YLHZV�ZHUH�
UHFRUGHG� DQG� DQDO\VHG� IRU� JOREDO� ORQ-
JLWXGLQDO� VWUDLQ� �*/6��� LQFOXGLQJ� WKH�
��FKDPEHU����FKDPEHU�DQG�DSLFDO�ORQJ�
D[LV�YLHZV��*/6�ZDV�FDOFXODWHG�DV� WKH�
DYHUDJH� RI� ��� P\RFDUGLDO� VHJPHQWV��
DV� SUHYLRXVO\� UHSRUWHG� �����7KH� FXW�RII�
YDOXH�IRU�ORZ�*/6��VXJJHVWLQJ�LPSDLU-
PHQW�RI� ORQJLWXGLQDO�FRPSRQHQW�RI�/9�
V\VWROLF� IXQFWLRQ�� GHÀQHG� DV� ORQJLWX-
GLQDO�/96'��ZDV� LGHQWLÀHG�a priori DV�
�����������
7UDQVPLWUDO�DQG�SXOPRQDU\�YHLQ�SXOVHG�
ZDYH� 'RSSOHU� FXUYHV� DQG� HDUO\� GLDV-
WROLF�7LVVXH�'RSSOHU�YHORFLW\�RI�PLWUDO�
DQQXOXV� �(·�� ZHUH� DVVHVVHG� DFFRUGLQJ�
WR�WKH�UHFRPPHQGDWLRQV�RI�WKH�$PHUL-
FDQ�6RFLHW\�RI�(FKRFDUGLRJUDSK\�������
(DUO\� GLDVWROLF� YHORFLW\� RI� WUDQVPLWUDO�
ÁRZ��(��ZDV�GLYLGHG�E\�(·�DQG�XVHG�WR�
FODVVLI\�/9�GLDVWROLF�IXQFWLRQ�WRJHWKHU�
ZLWK� RWKHU� SDUDPHWHUV� �(�$� UDWLR� RI�
WUDQVPLWUDO�ÁRZ��GHFHOHUDWLRQ�WLPH�RI�(�
and the difference in duration of atrial 
ZDYH�RQ�SXOPRQDU\�YHLQ�ÁRZ�DQG�DWULDO�
ZDYH�RQ�WUDQVPLWUDO�ÁRZ��LQ���GHJUHHV�
DV� SURSRVHG� E\� 5HGÀHOG� et al.� ������
QRUPDO�� PLOG� G\VIXQFWLRQ�� PRGHUDWH�

G\VIXQFWLRQ� DQG� VHYHUH� G\VIXQFWLRQ��
$RUWLF� VWLIIQHVV� LQGH[�ZDV� DVVHVVHG� DW�
WKH�OHYHO�RI�WKH�DRUWLF�URRW�XVLQJ�D�WZR�
GLPHQVLRQDO� JXLGHG� 0�PRGH� HYDOXD-
WLRQ�RI�V\VWROLF�DQG�GLDVWROLF�GLDPHWHUV�
RI�DVFHQGLQJ�DRUWD����FP�DERYH�WKH�DRU-
WLF�YDOYH� WRJHWKHU�ZLWK�EORRG�SUHVVXUH�
PHDVXUHG�E\�FXII�VSK\JPRPDQRPHWHU��
DV�SUHYLRXVO\�GHVFULEHG����������

Statistical analysis
7KH� GDWD� DUH� UHSRUWHG� DV�PHDQ� YDOXHV�
��� VWDQGDUG� GHYLDWLRQ� �PHGLDQV� DQG�
LQWHUTXDUWLOH� UDQJHV� IRU�YDULDEOHV�GHYL-
DWLQJ� IURP� QRUPDOLW\�� RU� SHUFHQWDJHV��
8QSDLUHG� 6WXGHQW·V� WHVW� DQG� Ƶ2� VWDWLV-
WLFV� ZHUH� XVHG� IRU� GHVFULSWLYH� VWDWLV-
WLFV�� %HWZHHQ�JURXS� FRPSDULVRQV� RI�
FDWHJRULFDO� DQG� FRQWLQXRXV� YDULDEOHV�
ZHUH�SHUIRUPHG�E\�Ƶ2�WHVW�DQG�DQDO\VLV�
RI�YDULDQFH��$129$��ZLWK�FRPSDULVRQ�
EHWZHHQ�HDFK�JURXS�E\�6FKHIIq�WHVW�IRU�
XQHTXDO� VDPSOH�� DV� DSSURSULDWH�� 7KH�
VWXG\�SRSXODWLRQ�ZDV�LQLWLDOO\�VWUDWLÀHG�
E\� VWDWXV� RI� /96'� DW� EDVHOLQH�� 7KXV��
/RJ�FXPXODWLYH�KD]DUG�IXQFWLRQV�ZHUH�
FRPSXWHG�E\�XQLYDULDWH�DQG�PXOWLYDUL-
DWH�&R[� SURSRUWLRQDO� KD]DUGV� DQDO\VHV�
WR� LGHQWLI\� WKH� IDFWRUV� LQGHSHQGHQWO\�
DVVRFLDWHG� ZLWK� WKH� VWXG\� HQG�SRLQWV�
LQ� WKH� ���� SDWLHQWV� ZLWK� /96'�� 9DUL-
DEOHV� WKDW�ZHUH� VLJQLÀFDQWO\� UHODWHG� WR�
WKH�VWXG\�HQG�SRLQWV�LQ�XQLYDULDWH�WHVWV�
�p�������ZHUH�LQFOXGHG�LQ�WKH�PXOWLYDU-
LDWH�PRGHOV��
7KH� LQGHSHQGHQW� SUHGLFWRUV� RI� WKH�
VWXG\� HQG�SRLQWV� *)5� DQG� /9� PDVV�
ZHUH� VXEVHTXHQWO\� VFUXWLQLVHG� DQG�
SURJQRVWLF�FXW�SRLQWV�ZHUH�REWDLQHG�E\�
VSHFLÀF�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULV-
WLF��52&��FXUYH�DQDO\VHV��$OO�DQDO\VHV�
ZHUH�SHUIRUPHG�XVLQJ�VWDWLVWLFDO�SDFN-
DJH�6366�������6366�,QF��&KLFDJR��,/��
86$�� DQG� VWDWLVWLFDO� VLJQLÀFDQFH� ZDV�
LGHQWLÀHG�E\�WZR�WDLOHG�p�������

Results
7KH�VWXG\�SRSXODWLRQ� LQLWLDOO\�FRQVLVW-
HG�RI�����SDWLHQWV�ZLWK�5$��PHDQ�DJH�
RI� ������ \HDUV�� ����ZRPHQ��� /96'�
ZDV�GHWHFWHG�LQ�����RXW�RI�����SDWLHQWV�
�������� ZKRVH� EDVHOLQH� FOLQLFDO� DQG�
HFKRFDUGLRJUDSKLF� FKDUDFWHULVWLFV� DUH�
VKRZQ�LQ�7DEOHV�,��3UHYDOHQFH�RI�REH-
VLW\� DQG� G\VOLSLGDHPLD� ZDV� ���� DQG�
�����UHVSHFWLYHO\��QHDU�KDOI�RI�SDWLHQWV�
KDG� D� GLDJQRVLV� RI� DUWHULDO� K\SHUWHQ-

VLRQ�� WKH� PHDQ� GXUDWLRQ� RI� 5$� ZDV�
������\HDUV��GLVHDVH�DFWLYLW\�ZDV�KLJK�
LQ�����RI� WKHP��2QH�WKLUG�RI�SDWLHQWV�
ZHUH� UHFHLYLQJ� QRQ�VWHURLGDO� DQWL�LQ-
ÁDPPDWRU\� GUXJV� �16$,'V�� DW� HQURO-
PHQW��DQG�����ZHUH�UHFHLYLQJ�ELRORJLF�
'0$5'V��&RQFHUQLQJ�WKH�HFKRFDUGLR-
JUDSKLF�SDUDPHWHUV��QHDU�RQH�WKLUG�KDG�
/9� K\SHUWURSK\�� WZR�WKLUG� FRQFHQWULF�
/9� JHRPHWU\�� RQH�WKLUG� /9� GLDVWROLF�
G\VIXQFWLRQ��
7KH�����5$�SDWLHQWV�ZLWK�/96'�GHWHFW-
HG� E\� VSHFNOH� WUDFNLQJ� HFKRFDUGLRJUD-
SK\�UHSUHVHQWHG�WKH�ÀQDO�SRSXODWLRQ�RI�
WKH�VWXG\��&RPSDUHG�WR�WKH�FRXQWHUSDUWV�
ZLWKRXW�/96'��WKHVH�VXEMHFWV�KDG�VLPL-
ODU�FOLQLFDO�FKDUDFWHULVWLFV�EXW�ROGHU�DJH�
DW�HQUROPHQW��DQG�ZHUH�UHFHLYLQJ�FRP-
SDUDEOH� SKDUPDFRORJLFDO� WUHDWPHQW� IRU�
5$�GLVHDVH�DQG�&9�ULVN�IDFWRUV�FRQWURO��
HYHQ�LI�5$�SDWLHQWV�ZLWK�/96'�WHQGHG�
WR� UHFHLYH�PRUH�$&(L�$5%� �7DEOH� ,���
7KH\�ZHUH�WUHDWHG�OHVV�IUHTXHQWO\�ZLWK�
ELRORJLF� '0$5'V� EHIRUH� HQUROPHQW�
LQWR� WKH� VWXG\�� 3UHYDOHQFH� RI� ELRORJLF�
'0$5'V� UHIUDFWRU\� ZDV� VLPLODU� EH-
WZHHQ� WKH� WZR� JURXSV�� $QDO\VLQJ� WKH�
HFKRFDUGLRJUDSKLF� GDWD�� WKH� SDWLHQWV�
ZLWK�/96'�KDG�KLJKHU�/9�UHODWLYH�ZDOO�
WKLFNQHVV�DQG�KLJKHU�SUHYDOHQFH�RI�FRQ-
FHQWULF� /9� JHRPHWU\� WKDQ� WKRVH� ZLWK�
QRUPDO�/9�V\VWROLF�IXQFWLRQ��
'XULQJ� D� PHGLDQ� IROORZ�XS� RI� ���
���²���� PRQWKV�� D� SULPDU\� HQG�SRLQW�
�DOO�FDXVH�GHDWK�RU�KRVSLWDOLVDWLRQ��RF-
FXUUHG�LQ����SDWLHQWV��������1R�SDWLHQW�
GLHG� GXULQJ� WKH� IROORZ�XS�� ��� SDWLHQWV�
�����RI�WKH�WRWDO�VWXG\�SRSXODWLRQ��KDG�
D� &9� HYHQW� UHTXLULQJ� KRVSLWDOLVDWLRQ�
�FR�SULPDU\� HQG�SRLQW��� �� SHUVLVWHQW�
DWULDO� ÀEULOODWLRQ�� �� WKURPERHPEROLVP��
�� FKHVW� SDLQ� GXH� WR� DVFHUWDLQHG� FRUR-
QDU\�DUWHU\�GLVHDVH����FRQJHVWLYH�KHDUW�
IDLOXUH�� �� DFXWH� SHULFDUGLWLV��+RVSLWDOL-
VDWLRQV�XQUHODWHG�WR�&9�FDXVH�ZHUH����
������� �� DFXWH� RUWKRSDHGLF� GLVHDVH� RU�
VXUJHU\�� �� V\PSWRPV�VLJQV� UHODWHG� WR�
D�QHZ�GLDJQRVLV�RI�FDQFHU� ���EUHDVW����
FRORUHFWDO�� �� SDQFUHDV��� �� OXQJ� LQIHF-
WLRQ�� �� VHYHUH� XYHLWLV�� �� DFXWH� SURVWD-
WLWLV�� �� VHYHUH� XWHULQH� EOHHGLQJ�� 7KH�
UDWH�RI�KRVSLWDOLVDWLRQ�IRU�DOO�FDXVHV�RU�
IRU�&9� FDXVH�ZDV� VLJQLÀFDQWO\� KLJKHU�
LQ�WKH�����SDWLHQWV�ZLWK�/96'�WKDQ�LQ�
WKH� ���� FRXQWHUSDUWV� ZLWKRXW� /96'�
�����vs.������p �����DQG�����vs.�����
p �������� UHVSHFWLYHO\���+RZHYHU�� WKH�
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UDWH�RI�QRQ�&9�HYHQWV�ZDV�VLPLODU�EH-
WZHHQ� SDWLHQWV� ZLWK� /96'� ������ DQG�
ZLWKRXW�/96'������ p QV���VXJJHVWLQJ�
WKDW� WKH� DVVRFLDWLRQ� EHWZHHQ� DOO�FDXVH�
KRVSLWDOLVDWLRQV�DQG�/96'�ZDV� IXQGD-

PHQWDOO\� H[SODLQHG� E\� WKH� &9�UHODWHG�
KRVSLWDOLVDWLRQV�
7KH� YDULDEOHV�ZKLFK� VLJQLÀFDQWO\� GLI-
IHUHG� EHWZHHQ� SDWLHQWV� ZKR� H[SHUL-
HQFHG�D�SULPDU\�VWXG\�HQG�SRLQW�ZHUH�

ROGHU�DJH��IHPDOH�JHQGHU��KLJKHU�V\VWRO-
LF�EORRG�SUHVVXUH�� ORZHU�*)5��JUHDWHU�
/9�HQG�GLDVWROLF�YROXPH��/9�GLDVWROLF�
G\VIXQFWLRQ�� KLJKHU� DRUWLF� VWLIIQHVV��
PRUH� IUHTXHQW� XVH� DQG�KLJKHU�QXPEHU�

Table I. 0DLQ�FOLQLFDO�FKDUDFWHULVWLFV�RI�WKH�����SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV�GLYLGHG�DFFRUGLQJ�WR�WKH�SUHVHQFH�RI�DV\PSWRPDWLF�OHIW�
YHQWULFXODU�V\VWROLF�G\VIXQFWLRQ�

9DULDEOHV� /96'� /96'� p�YDOXH 7RWDO�VWXG\�
� 1R� <HV� � SRSXODWLRQ
� �����SDWLHQWV�� ������SDWLHQWV�� � �����SDWLHQWV�

$JH��\HDUV�� �������� �������� ������ �������
)HPDOH�JHQGHU����� ��� ��� ����� ��
%RG\�PDVV�LQGH[��NJ�P2�� ����������� ����������� ����� ����������
2EHVH����� ��� ��� ����� ��
6\VWROLF�EORRG�SUHVVXUH��PP+J�� ��������� ��������� ����� ��������
+\SHUWHQVLRQ����� ��� ��� ����� ��
'\VOLSLGDHPLD����� ��� ��� ����� ��
$FWLYH�VPRNHU���� ��� ��� ����� ��
'LDEHWHV����� �� ��� ����� ��
*ORPHUXODU�ÀOWUDWLRQ�UDWH��PO�PLQ�����P2�� �������� �������� ����� �������
&KROHVWHURO�/'/��PJ�GO�� ����>������@� ����>�������@� ����� ����>������@
7ULJO\FHULGHV��PJ�GO�� ����>������@� ����>������@� ����� ����>������@
&�UHDFWLYH�SURWHLQ��PJ�O�� ����>�������@� ����>�������@� ����� ����>�������@
5KHXPDWRLG�IDFWRU�SRVLWLYH����� ��� ��� ����� ��
&\FOLF�FLWUXOOLQDWHG�SHSWLGH�SRVLWLYH����� ��� ��� ����� ��
'XUDWLRQ�RI�UKHXPDWRLG�DUWKULWLV��\HDUV�� �������� �������� ����� �������
&OLQLFDO�GLVHDVH�DFWLYLW\�LQGH[� ������� ������� ����� ������
+LJK�DFWLYLW\�RI�GLVHDVH����� ��� ��� ����� ��

Pharmacological treatment
%HWDEORFNHUV����� ��� ��� ����� ��
$&(L���$5%����� ��� ��� ����� ��
'LXUHWLFV����� ��� ��� ����� ��
&DOFLXP�DQWDJRQLVWV����� �� ��� ����� �
$QWL�SODWHOHWV�DJHQWV����� ��� ��� ����� ��
6WDWLQV����� ��� ��� ����� ��
16$,'V����� ��� ��� ����� ��
0HWRWUH[DWH����� ��� ��� ����� ��
%LRORJLF�'0$5'V�DW�HQUROPHQW����� ��� ��� ����� ��

Biologic DMARDs class
���DQWL�71)�Ơ����*� ��� ��� ����� ��
���DQWL�LQWHUOHXNLQ������*� ��� ��� ����� ��
���&7/$��,J����*� ��� ��� ����� ��
���DQWL�&'�������*� �� �� ����� �
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW����� ��� ��� ����� ��
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW��Q��� ����� ����� ����� ����
%LRORJLF�'0$5'V�UHIUDFWRU\����� ��� ��� ����� ��
&RUWLFRVWHURLGV����� ��� ��� ����� ��

Echocardiography
/9�HQG�GLDVWROLF�YROXPH��PO�P2�� �������� �������� ����� �������
/9�UHODWLYH�ZDOO�WKLFNQHVV� ������������ ������������ ����� �����������
&RQFHQWULF�/9�JHRPHWU\����� ��� ��� ����� ��
/9�PDVV�LQGH[��J�P�2.7�� �������� �������� ����� �������
/9�K\SHUWURSK\����� ��� ��� ����� ��
/9�HMHFWLRQ�IUDFWLRQ����� ������� ������� ����� ������
/9�JOREDO�ORQJLWXGLQDO�VWUDLQ����� ������������ ������������ �������� �����������
(���(·�UDWLR� ���������� ���������� ����� ���������
/9�GLDVWROLF�G\VIXQFWLRQ����� ��� ��� ����� ��
$VFHQGLQJ�DRUWD�VWLIIQHVV�LQGH[����� ���������� ���������� ����� ���������

$&(L��DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH�LQKLELWRUV��$5%��DQJLRWHQVLQ�7��UHFHSWRU�EORFNHUV��&'��FOXVWHU�RI�GLIIHUHQWLDWLRQ��&7/$��F\WRWR[LF�7�O\PSKRF\WH�
DQWLJHQ��'0$5'V��GLVHDVH�PRGLI\LQJ�DQWL�UKHXPDWLF�GUXJV��/9��OHIW�YHQWULFXODU��Q���QXPEHU�RI�SDWLHQW��16$,'V��QRQ�VWHURLGDO�DQWL�LQÁDPPDWRU\�GUXJV��
71)��WLVVXH�QHFURVLV�IDFWRU��
*��DPRQJ�SDWLHQWV�ZKR�ZHUH�UHFHLYLQJ�ELRORJLF�'0$5'V�
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RI� ELRORJLF� '0$5'V� SHU� SDWLHQW� UH-
FHLYHG�EHIRUH�HQUROPHQW��7DEOH�,,��XS-
SHU�SDUW��� ,Q�SDUWLFXODU�� WKH�SUHYDOHQFH�
RI� ELRORJLF� '0$5'V� UHIUDFWRU\� ZDV�
����LQ�SDWLHQWV�ZKR�H[SHULHQFHG�D�SUL-
PDU\�HQGSRLQW�DG�����LQ�SDWLHQWV�ZKR�
GLG�QRW� �p �������7KH�YDULDEOHV�ZKLFK�
VLJQLÀFDQWO\�GLIIHUHG�EHWZHHQ�SDWLHQWV�
ZKR� H[SHULHQFHG� D� FR�SULPDU\� VWXG\�
HQG�SRLQW�ZHUH�ORZHU�*)5��KLJKHU�/9�
PDVV�� /9� GLDVWROLF� G\VIXQFWLRQ�� PRUH�
IUHTXHQW�XVH�DQG�KLJKHU�QXPEHU�RI�ELR-
ORJLF�'0$5'V�WDNHQ�EHIRUH�HQUROPHQW�
ZHUH�DOO�DVVRFLDWHG�ZLWK�WKH�FR�SULPDU\�

HQG�SRLQW� �7DEOH� ,,�� ORZHU� SDUW��� 7KH�
SUHYDOHQFH� RI� ELRORJLF� '0$5'V� UH-
IUDFWRU\�ZDV�����LQ�SDWLHQWV�ZKR�H[SH-
ULHQFHG�D�FR�SULPDU\�HQGSRLQW�DG�����
LQ�SDWLHQWV�ZKR�GLG�QRW��p ������
)RU� WKH� SULPDU\� HQG�SRLQW�� WKH� YDUL-
DEOHV�LQFOXGHG�LQ�WKH�PXOWLYDULDWH�&R[�
UHJUHVVLRQ� DQDO\VHV�ZHUH� DJH�� V\VWROLF�
EORRG� SUHVVXUH��*)5�� XVH� ���� RI� ELR-
ORJLF�'0$5'V�EHIRUH� HQUROPHQW� DQG�
QXPEHU�RI�ELRORJLF�'0$5'V�WDNHQ�EH-
IRUH�HQUROPHQW��7KLV�DQDO\VLV�UHYHDOHG�
WKDW�ORZHU�*)5��PRUH�IUHTXHQW�XVH�DQG�
KLJKHU� QXPEHU� RI� ELRORJLF� '0$5'V�

WDNHQ�EHIRUH�HQUROPHQW�ZHUH� WKH�YDUL-
DEOHV� LQGHSHQGHQWO\�UHODWHG� WR� WKH�SUL-
PDU\�HQG�SRLQW��7DEOH�,,,��XSSHU�SDUW��
)RU�WKH�FR�SULPDU\�HQG�SRLQW��WKH�YDUL-
DEOHV�LQFOXGHG�LQ�WKH�PXOWLYDULDWH�&R[�
UHJUHVVLRQ� DQDO\VHV� ZHUH� *)5�� /9�
PDVV�� XVH� ���� RI� ELRORJLF� '0$5'V�
EHIRUH� HQUROPHQW� DQG� QXPEHU� RI� ELR-
ORJLF� '0$5'V� WDNHQ� EHIRUH� HQURO-
PHQW��7KH�DQDO\VLV� VKRZHG� WKDW� ORZHU�
*)5�� KLJKHU� /9�PDVV��PRUH� IUHTXHQW�
XVH� DQG� KLJKHU� QXPEHU� RI� ELRORJLF�
'0$5'V� XVHG� EHIRUH� HQUROPHQW� DQG�
ZHUH� WKH� LQGHSHQGHQW�SUHGLFWRU�RI�&9�
KRVSLWDOLVDWLRQ��7DEOH�,,,��ORZHU�SDUW���
52&� FXUYH� DQDO\VLV� VKRZHG� WKDW� WKH�
EHVW�FXW�RII�YDOXH�RI�*)5�IRU�SUHGLFW-
LQJ� WKH� VWXG\� HQG�SRLQWV� ZDV� ��� PO�
PLQ������P2��$8&�����>����&, ����²
����@��p�������IRU�DOO�FDXVH�KRVSLWDOLVD-
WLRQ�DQG����PO�PLQ������P2��$8&������
>����&, ����²����@�� p������� IRU� &9�
KRVSLWDOLVDWLRQ��7KH�EHVW� FXW�RII� YDOXH�
RI�/9�PDVV�ZDV����J�P2.7� �$8&������
>����&, ����²����@�� p������� IRU� &9�
KRVSLWDOLVDWLRQ��

Discussion
7KUHH�UHPDUNDEOH�DQG�RULJLQDO�ÀQGLQJV�
HPHUJH�E\�WKH�SUHVHQW�LQYHVWLJDWLRQ�����
DW� PLG�WHUP� IROORZ�XS� �QHDU� �� \HDUV��
DERXW�RQH�ÀIWK�RI�SDWLHQWV�ZLWK�5$�DQG�
DV\PSWRPDWLF� /96'�� GHÀQHG� DV� LP-
SDLUHG� */6� DQG� DVVHVVHG� E\� VSHFNOH�
WUDFNLQJ� HFKRFDUGLRJUDSK\�� H[SHULHQFH�
D� &9� HYHQW� UHTXLULQJ� KRVSLWDOLVDWLRQ��
DQG� DERXW� RQH�ÀIWK� RI� WKHP� LV� KRVSL-
WDOLVHG� IRU� D� UHDVRQ� XQUHODWHG� WR� &9�
HYHQWV�����D�PLOG�GHFUHDVH�LQ�UHQDO�IXQF-
WLRQ�DQG�D�PLOG�LQFUHDVH�LQ�/9�PDVV�DUH�

Table II. 9DULDEOHV�ZKLFK�VLJQLÀFDQWO\�GLIIHUHG�EHWZHHQ� WKH�SDWLHQWV�ZKR�H[SHULHQFHG�D�
SULPDU\�RU�FR�SULPDU\�HQG�SRLQWV�DQG�WKRVH�ZKR�GLG�QRW� 

����SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV�DQG�� (QGSRLQW� (QGSRLQW� p�YDOXH
/9�V\VWROLF�G\VIXQFWLRQ 12� <(6�

'HDWK�RU�DOO�FDXVH�KRVSLWDOLVDWLRQ�� ���SDWLHQWV� ���SDWLHQWV�

$JH��\HDUV�� �������� ������� �����
)HPDOH�JHQGHU����� ��� ��� ����
6\VWROLF�EORRG�SUHVVXUH��PP+J�� ��������� ��������� �����
*ORPHUXODU�ÀOWUDWLRQ�UDWH��PO�PLQ������P2�� ���������� �������� ������
(�(·� ���������� ���������� ����
/9�GLDVWROLF�G\VIXQFWLRQ����� ��� ��� ����
/9�HQG�GLDVWROLF�YROXPH��PO�P2�� ��������� �������� ����
$RUWLF�VWLIIQHVV�LQGH[����� ���������� ���������� ����
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW����� ��� ��� ����
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW��Q��� ���� ����� �����
*OREDO�ORQJLWXGLQDO�VWUDLQ����� ������������ ������������ ����

&9�GHDWK�RU�&9�KRVSLWDOLVDWLRQ�� ���SDWLHQWV� ���SDWLHQWV�

*ORPHUXODU�ÀOWUDWLRQ�UDWH��PO�PLQ������P2�� ��������� �������� ������
/9�GLDVWROLF�G\VIXQFWLRQ����� ��� ��� ����
/9�PDVV��J�P2.7�� ���� ��� �������� ����
/9�K\SHUWURSK\����� ��� ��� ����
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW����� ��� ��� ����
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW��Q��� ���� ���� �����
*OREDO�ORQJLWXGLQDO�VWUDLQ����� ������������ ������������ ����

'0$5'V�� GLVHDVH�PRGLI\LQJ� DQWL�UKHXPDWLF� GUXJV�� /9�� OHIW� YHQWULFXODU�� Q��� QXPEHU� RI� '0$5'V������
per patient.

Table III.�9DULDEOHV�DVVRFLDWHG�ZLWK�WKH�VWXG\�HQG�SRLQWV��XQLYDULDWH�DQG�PXOWLYDULDEOH�&R[�UHJUHVVLRQ�DQDO\VHV��

� � 8QLYDULDWH� ��������������� � �0XOWLYDULDWH

����SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV�DQG�/96' +5� &,� p�YDOXH +5� &,� p�YDOXH

All-causes death / hospitalisation      
$JH��\HDUV�� ����� ����²����� ������� ����� ����²����� �����
6\VWROLF�EORRG�SUHVVXUH��PP+J�� ����� ����²����� ����� ����� ����²����� ����
*ORPHUXODU�ÀOWUDWLRQ�UDWH��PO�PLQ������P2�� ����� ����²����� ������� ������ ����²����� �����
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW����� ����� ����²����� ������ ����� ����²����� �����
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW��Q��� ����� ����²����� ������ ����� ����²����� ����

CV death / hospitalisation      
*ORPHUXODU�ÀOWUDWLRQ�UDWH��PO�PLQ������P2�� ����� ����²����� ������� ����� �����²������ ����
/HIW�YHQWULFXODU�PDVV��J�P����� ����� ����²����� ����� ����� ����²������ ����
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW����� ����� ����²����� ������ ����� ����²����� ����
%LRORJLF�'0$5'V�EHIRUH�HQUROPHQW��Q��� ����� ����²����� ������ ����� ����²����� �����

'0$5'V��GLVHDVH�PRGLI\LQJ�DQWL�UKHXPDWLF�GUXJV��Q���QXPEHU�RI�'0$5'V�SHU�SDWLHQW�
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LQGHSHQGHQWO\� UHODWHG� WR�DGYHUVH�FOLQL-
FDO� RXWFRPHV� LQ� WKHVH� SDWLHQWV�� ��� WKH�
UDWH� RI� LQFLGHQW� DOO�FDXVH� KRVSLWDOLVD-
WLRQ�DQG�&9�KRVSLWDOLVDWLRQ�DUH�FORVHO\�
DQG�GLUHFWO\�DVVRFLDWHG�ZLWK�WKH�XVH�RI�
ELRORJLF�'0$5'V�DQG� WKH�QXPEHU�RI�
WKHVH� GUXJV� UHFHLYHG� GXULQJ� WKH� WLPH�
SUHFHGLQJ�WKH�HQUROPHQW�LQWR�WKH�VWXG\��
2YHUDOO�� WKHVH� UHVXOWV� DSSHDU� LQWHUHVW-
LQJ�E\� WKH�SDWKRSK\VLRORJLFDO�SRLQW�RI�
YLHZ�� )XUWKHUPRUH�� WKH\� PD\� KDYH� D�
FOLQLFDO� UHOHYDQFH� LQ� SDWLHQWV� ZKR� GR�
QRW� V\VWHPDWLFDOO\� XQGHUJR� EDVHOLQH�
echocardiographic examination and 
GR� QRW� URXWLQHO\� PDNH� D� FORVH� FKHFN�
RI�UHQDO�IXQFWLRQ�������7KH�WUXWK�RI�WKH�
PDWWHU�LV�WKDW�WKHUH�DUH�YHU\�OLWWOH�LQIRU-
PDWLRQ�DERXW�UHQDO�LQYROYHPHQW�LQ�5$�
GLVHDVH�FDXVH�RI�WURXEOHV�LQ�LGHQWLI\LQJ�
the aetiology of the nephropathy which 
FDQ�EH�ZLGHO\�GLIIHUHQW�DQG�PXOWLIDFWR-
ULDO�LQ�WKH�VHWWLQJ�RI�5$�SDWLHQWV�������,Q�
IDFW��LW�FDQ�EH�LQWULQVLF�WR�WKH�5$�GLVHDVH�
�PDLQO\�PHVDQJLDO�QHSKULWLV��UHQDO�DP-
\ORLGRVLV��PHPEUDQRXV�QHSKULWLV��IRFDO�
SUROLIHUDWLYH� QHSKULWLV�� RU� LDWURJHQLF��
PRVWO\�FRPLQJ�IURP�16$,'V�ZKLFK�FDQ�
FDXVH�LQWHUVWLWLDO�QHSKULWLV��UHQDO�WXEXODU�
DFLGRVLV��QHSKUR�YDVFXODU�K\SHUWHQVLRQ�
DQG�QHSKURWLF�V\QGURPH����������5HIHU-
ULQJ�WR�WKH�LQWULQVLF�PHFKDQLVPV��LW�KDV�
EHHQ�K\SRWKHVLVHG� WKDW� WKH� DSWLWXGH� RI�
PHVDQJLXP� WR� UHPRYH� FLUFXODWLQJ� DX-
WRLPPXQH�FRPSOH[HV�JHQHUDWHV� DQG�RU�
DJJUDYDWHV�LWVHOI�WKH�PHVDQJLDO�GDPDJH�
������
6RPH�GDWD�RQ�WKH�SURJQRVWLF�UROH�RI�UH-
QDO� G\VIXQFWLRQ� LQ� 5$� SDWLHQWV� GHULYH�
IURP�FOLQLFDO�VWXGLHV�SHUIRUPHG�E\� WKH�
UHVHDUFKHUV�RI�7DPSHUH�8QLYHUVLW\�+RV-
SLWDO��)LQODQG��6LKYRQHQ�HW�DO��IRXQG�WKH�
SUHVHQFH�RI�UHQDO�GLVHDVH�DV�D�SUHGLFWRU�
RI� LQFUHDVHG�PRUWDOLW\� DPRQJ� SDWLHQWV�
ZLWK�5$�FRPSDUHG�WR�QRQ�5$�PDWFKHG�
FRQWUROV�������)HZ�\HDUV�ODWHU��.DUVWLOD 
et al�� GHPRQVWUDWHG� WKDW� WKH� SURJQRVLV�
RI�WKH�VXEJURXS�RI�5$�SDWLHQWV�ZKR�KDG�
FKURQLF�UHQDO�GLVHDVH�DW�HQUROPHQW�ZDV�
HYLGHQWO\� SRRUHU� WKDQ� WKDW� RI� 5$� SD-
WLHQWV�ZKR� KDG� QRW� ������ )XUWKHUPRUH��
WKH�VDPH�DXWKRUV�VKRZHG�WKDW�QHZ�DE-
QRUPDO� UHQDO� ÀQGLQJV�� LQ� PRVW� FDVHV�
PLOG��ZHUH�GHWHFWHG�LQ�����RI�SDWLHQWV�
with normal renal function at enrolment 
GXULQJ�D�IROORZ�XS�SHULRG�RI����\HDUV��
VXJJHVWLQJ� WKH� QRQ�VSRUDGLF� QDWXUH� RI�
WKH�ZRUULVRPH�SKHQRPHQRQ��

%XW�ZKDW� DERXW� WKH� UROH� RI� WKH�NLGQH\�
LQ�5$�SHRSOH�ZLWK� QRUPDO� UHQDO� IXQF-
WLRQ�DW�HQUROPHQW"�,Q�WKH�SUHVHQW�LQYHV-
WLJDWLRQ�ZH�IRXQG�QR�GLIIHUHQFH�LQ�*)5�
EHWZHHQ�5$�SDWLHQWV�ZLWK�DQG�ZLWKRXW�
/96'��&RQYHUVHO\��DPRQJ�WKH�����5$�
SDWLHQWV� ZLWK� /96'�� *)5� ZDV� ����
DQG� ���� ORZHU� DW� EDVHOLQH� LQ� SDWLHQWV�
ZKR�H[SHULHQFHG�DOO�FDXVHV�KRVSLWDOLVD-
WLRQ�RU�&9�KRVSLWDOLVDWLRQ��UHVSHFWLYHO\��
+RZHYHU��WKHVH�WZR�VXEJURXSV�DW�KLJK-
HU� ULVN� IRU� HYHQWV� KDG� *)5� YDOXHV� DW�
HQUROPHQW�QHDU�WKH�QRUPDOLW\����������
DQG� ������ PO�PLQ������ P2��� ,QWHUHVW-
LQJO\��LQ�RXU�SDWLHQWV�WKH�SURJQRVWLF�FXW�
RII�RI�*)5�IRU�ERWK�DGYHUVH�RXWFRPHV�
HPHUJLQJ�E\�WKH�52&�DQDO\VLV�ZDV����
PO�PLQ������P2��ZKLFK�LV�MXVW�WKH�HGJH�
EHWZHHQ�WKH�VWDJH�,��QRUPDO�UHQDO�IXQF-
WLRQ��DQG�WKH�VWDJH�,,��PLOGO\�GHFUHDVHG�
UHQDO�IXQFWLRQ��RI�.'24,�FODVVLÀFDWLRQ�
UHSRUWHG�LQ�WKH�.',*2�FOLQLFDO�SUDFWLFH�
JXLGHOLQHV� ������ 7KHVH� ÀQGLQJV� PD\�
OHDG�WR�VSHFXODWH�WKDW�YHU\�OLWWOH�FKDQJHV�
in renal function may determine rel-
HYDQW�FOLQLFDO�FRQVHTXHQFHV� LQ�5$�SD-
WLHQWV�ZLWK�DV\PSWRPDWLF�/96'�
%HVLGHV� GHFUHDVHG� UHQDO� IXQFWLRQ�� LQ-
FUHDVHG� /9� PDVV� DURVH� E\� RXU� &R[�
DQDO\VLV�DV� LQGHSHQGHQW�SURJQRVWLFDWRU�
RI�&9�KRVSLWDOLVDWLRQ��,W�LV�ZHOO�NQRZQ�
WKDW�WKH�KLJKHU�ULVN�IRU�DGYHUVH�&9�EXW�
DOVR� QRQ�&9� HYHQWV� LQ� SDWLHQWV� ZLWK�
5$�KDV�EHHQ�DV�D�PDWWHU�RI�FRXUVH�DW-
WULEXWHG� WR� WKH� FKURQLF� LQÁDPPDWLRQ�
OHDGLQJ� GLIIXVH� DUWHULDO� DWKHURVFOHURVLV�
DQG�VWLIIQHVV�����������������7KHVH�&9�
DOWHUDWLRQV�DULVH�DW�DQ�HDUO\�VWDJH�RI�5$�
GLVHDVH�� DQG� DUH� UHODWHG� WR� FKDQJHV� LQ�
/9�JHRPHWU\�GRFXPHQWHG�E\�D�QXPEHU�
RI�VWXGLHV�����������([FHVVLYH�/9�PDVV�
LV�FORVHO\�DVVRFLDWHG�ZLWK�SRRU�FOLQLFDO�
RXWFRPHV�LQ�VHYHUDO�VHWWLQJV�RI�SDWLHQWV�
DW� LQFUHDVHG� ULVN� IRU� &9� HYHQWV� VXFK�
DV�WKRVH�ZLWK�K\SHUWHQVLRQ�������DRUWLF�
VWHQRVLV������RU�GLDEHWHV�PHOOLWXV�������
6XFK�DVVRFLDWLRQ� LV�GXH� WR� WKH�FLUFXP-
VWDQFH�WKDW�DQ�LQFUHDVHG�/9�PDVV�OHDGV�
WR� P\RFDUGLDO� ÀEURVLV�� LVFKDHPLD� RI�
PLFUR�YDVFXODU� V\VWHP�� LPSDLUPHQW� RI�
V\VWROLF� DQG� GLDVWROLF� IXQFWLRQ� DQG� UH-
GXFWLRQ�RI�P\RFDUGLDO� HQHUJ\�PHWDER-
OLVP�� 2XU� GDWD� PDNH� HYLGHQW� WKLV� DV-
VRFLDWLRQ�DOVR� LQ�SDWLHQWV�ZLWK�5$�DQG�
DV\PSWRPDWLF�/96'�������
,Q� DOO� SUREDELOLW\�� KRZHYHU�� WKH� PRVW�
LQWHUHVWLQJ� UHVXOW� RI� RXU� VWXG\� LV� WKH�

DVVRFLDWLRQ�EHWZHHQ�WKH�ZLGHU�XVH�DQG�
WKH�KLJKHU�QXPEHU�RI�GLIIHUHQW�ELRORJLF�
'0$5'V�WDNHQ�E\�HDFK�SDWLHQW�DQG�WKH�
FOLQLFDO� HYHQW� UDWH�� ,QIRUPDWLRQ� RQ� WKH�
SDWLHQW·V� WKHUDSHXWLF� PDQDJHPHQW� DQG�
VWUDWHJLHV� XVHG� EHIRUH� WKHLU� HQUROPHQW�
LQWR� WKH�VWXG\�LQGLFDWHV� WKDW�QR�SDWLHQW�
SDUWLFLSDWHG� WR� DQ\� LQWHUYHQWLRQDO� WULDO�
RU�UHFHLYHG�VSHFLÀF�GUXJV�IRU�DQ\�SKDU-
PDFRORJLFDO�WHVW��7KXV��FKDQJHV�LQ�ELR-
ORJLF�'0$5'V�RYHUWLPH�FRXOG�EH�RQO\�
GXH� WR� WKH� LQHIIHFWLYHQHVV� RI� WKH� GUXJ�
RYHUWLPH�RU�LQWROHUDQFH�WR�VLGH�HIIHFWV��
7KLV�EHKDYLRU�LV�FRXSOHG�WR�WKH�SRVVLELO-
LW\�WKDW�ELRORJLF�'0$5'V�ZHUH�JLYHQ�
WR� WKH� SDWLHQWV� ZKR� KDG� PRUH� VHULRXV�
FOLQLFDO� FRQGLWLRQV� DQG�RU�PRUH� VHYHUH�
LQÁDPPDWRU\�VWDWXV�DQG�KLJKHU�GLVHDVH�
DFWLYLW\�� )XUWKHUPRUH��ZH� KDYH� DOVR� WR�
WDNH� LQWR� DFFRXQW� WKH� SRVVLELOLW\� WKDW�
WKHVH� DJHQWV� PLJKW� EH� ZLWKGUDZQ� IRU�
SDWLHQWV�ZKR�DFKLHYHG� ORZ�GLVHDVH�DF-
WLYLW\�RU�UHPLVVLRQ�����������&ROOHFWLYH-
O\��DOO�WKHVH�XVXDO�FRQGXFWV�OHDG�WR�VSHF-
XODWH� WKDW� LQ� 5$� SDWLHQWV�ZLWK� DV\PS-
WRPDWLF� /96'�� D� KLVWRU\� RI� WUHDWPHQW�
ZLWK� D� QXPEHU� RI� ELRORJLF� '0$5'V�
PD\�EH�D�PDUNHU�RI�IUDLOW\�SUHGLVSRVLQJ�
WR�KRVSLWDOLVDWLRQ�IRU�ERWK�&9�DQG�QRQ�
&9� HYHQWV�� 7KLV� H[SODQDWLRQ� PDNHV�
RXU� UHVXOWV� QRW� LQ� FRQWUDGLFWLRQ� ZLWK�
WKH� K\SRWKHVLV� �GHPRQVWUDWHG� E\� VHY-
HUDO� DXWKRUV�� WKDW� ELRORJLF� '0$5'V�
DUH� DVVRFLDWHG� ZLWK� LPSURYHPHQW� LQ�
FDUGLDF� DQG� YDVFXODU� IXQFWLRQ� ������ ,Q�
RXU� H[SHULHQFH�� WKH� ODUJH� PDMRULW\� RI�
SDWLHQWV�������ZHUH�UHFHLYLQJ�ELRORJLF�
'0$5'V� DW� HQUROPHQW� JLYHQ�ZLWKRXW�
DQ\� UDQGRPLVDWLRQ�� VR� WKDW� LW� ZDV� LP-
SUDFWLFDEOH�WR�WHVW�WKH�SURJQRVWLF�YDOXH�
RI�WKLV�WUHDWPHQW���

Study limitations and strengths
7KLV� VWXG\� KDV� VRPH� OLPLWDWLRQV� DQG�
VWUHQJWKV�� $� ÀUVW� OLPLWDWLRQ� UHIHUV� WR�
WKH�UHODWLYHO\�VKRUW�GXUDWLRQ�RI�IROORZ�
XS� DQG� WKH� UHODWLYHO\� VPDOO� QXPEHU� RI�
FOLQLFDO� HYHQWV� OLPLWHG� WR� WKH� KRVSL-
WDOLVDWLRQV�� 6HFRQG�� RXU� UHVXOWV� FRXOG�
EH� ELDVHG� E\� VRPH� SKDUPDFRORJLFDO�
RU� QRQ�SKDUPDFRORJLFDO� LQWHUYHQWLRQV�
IRU� 5$� GLVHDVH� VWDUWHG�VWRSSHG� GXULQJ�
WKH� IROORZ�XS�ZKRVH� HIIHFW� RQ� FDUGLDF�
geometry and function and clinical 
RXWFRPHV�ZRXOG� EH� DFWXDOO\� FKDOOHQJ-
LQJ� WR�PHDVXUH�� ,Q�SDUWLFXODU��ZH� UHIHU�
WR�16$,'V��ZKLFK�KDYH�EHHQ�VKRZQ�WR�
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2XWFRPH�LQ�5$�SDWLHQWV�ZLWK�FDUGLDF�G\VIXQFWLRQ���*��&LRIÀ�HW�DO�

KDYH�D�QHJDWLYH�LPSDFW�RQ�&9�DQG�QRQ�
&9�RXWFRPHV��7KH�XVH�RI�WKHVH�FODVV�RI�
GUXJV� LV� VSRUDGLF� LQ� VRPH� FDVH�� LQWHU-
PLWWHQW�RU�UHFXUUHQW�VRPHWLPHV�DQG�YHU\�
GLIÀFXOW�WR�TXDQWLI\��VR�WKDW�WKH�DVVHVV-
PHQW�RI�WKHLU�JOREDO�HIIHFW�RQ�WKH�FOLQL-
FDO�HYHQWV� UHPDLQV�D�FKDOOHQJH��7KUHH��
GHVSLWH�RXU�VWDWLVWLFDO�PRGHOV�ZHUH�H[-
WHQVLYH��XQPHDVXUHG�FRQIRXQGHUV�FRXOG�
SRWHQWLDOO\�H[SODLQ�WKH�REVHUYHG�DVVRFL-
DWLRQV��6WUHQJWKV�RI�RXU�VWXG\�FRPSULVH�
LWV� SURVSHFWLYH� QDWXUH� DQG� GHVLJQ�� WKH�
UHOLDEOH�PHWKRGV�IRU� WKH�DVVHVVPHQW�RI�
/96'�DQG�JHRPHWU\�DQG�UHQDO�IXQFWLRQ��
WKH�FRPSOHWH�QDWXUH�RI�WKH�GDWDVHW��

Conclusions
,Q�FRQFOXVLRQ� /96'�LV�QRW�RFFDVLRQDOO\�
UHFRJQLVHG�LQ�5$�SDWLHQWV�ZLWKRXW�RYHUW�
FDUGLDF�GLVHDVH�DQDO\VHG�LQ�SULPDU\�SUH-
YHQWLRQ��'HVSLWH�WKH�´DV\PSWRPDWLF�VWD-
WXVµ��WKHVH�VXEMHFWV�KDYH�D�YHU\�KLJK�UDWH�
RI� DOO�FDXVH� DQG� &9� KRVSLWDOLVDWLRQ� DW�
PLG�WHUP�IROORZ�XS��+LVWRU\�RI�ELRORJLF�
'0$5'V�XVH�DQG�WKH�KLJKHU�QXPEHU�RI�
GLIIHUHQW�ELRORJLF�'0$5'V�SUHYLRXVO\�
JLYHQ� VHHP� WR� LQGLFDWH� VXVFHSWLELOLW\�
IRU�DGYHUVH�FOLQLFDO�HYHQWV��5HQDO�IXQF-
WLRQ� DQG� /9� PDVV� DUH� WKH� PRGLÀDEOH�
YDULDEOHV� SUHGLFWLQJ� WKH� DGYHUVH� FOLQL-
FDO� RXWFRPHV� LQ� WKHVH� VXEMHFWV�� *RLQJ�
RYHU�*)5�E\�V\VWHPDWLF�FKHFN�DQG�/9�
PDVV� E\� VWDQGDUG� HFKRFDUGLRJUDSK\� DW�
DQ�HDUO\�VWDJH�RI�5$�GLVHDVH�ZRXOG�EH�
XVHIXO�WR�LGHQWLI\�SDWLHQWV�DW�KLJKHU�ULVN�
IRU�DGYHUVH�FOLQLFDO�HYHQWV��2XU�ÀQGLQJV�
LPSO\� WKH� JUHDWHVW� FDUH� IRU� UHQDO� IXQF-
WLRQ�DYRLGLQJ�RU�OLPLWLQJ�SKDUPDFRORJL-
FDO� LQWHUYHQWLRQV�ZKLFK�FDQ�SRWHQWLDOO\�
UHVXOW�QHSKURWR[LF��i.e.�GLJLWDOLV��GLXUHW-
LFV���%HVLGH�WKLV��SKDUPDFRORJLFDO�LQWHU-
YHQWLRQV�DLPHG�WR�UHGXFH�/9�PDVV�PD\�
EH�FRQVLGHUHG��i.e.�FDOFLXP�DQWDJRQLVWV���
ZKHUHDV� LQGLFDWHG�� 6WDUWLQJ� IURP� WKHVH�
QRWLRQV�� IXUWKHU� LQWHUYHQWLRQDO� LQYHVWL-
JDWLRQV�FRXOG�WHVW�WKHUDSHXWLF�VWUDWHJLHV�
IRU� LPSURYLQJ� WKH� FOLQLFDO� RXWFRPHV�
ZKLFK�GR�QRW�VHHP�WR�FKDQJH�RYHU�WLPH�
LQ�5$�SDWLHQWV����������
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