
3DJH�����

'3:-(�����HMWIEWI�TEXL[E]W�ERH�KIRI�I\TVIWWMSR
GLERKIW�TVIHMGX�QIXL]PTVIHRMWSPSRI�GER�MQTVSZI
SYX��GSQI�MR�WIZIVI�GEWIW
7SVMR�(VEKLMGMÁ���¦�WSVMR$[E]RI�IHY�
;E]RI�7XEXI�9RMZIVWMX]

8YER�1MRL�2KY]IRÁ
;E]RI�7XEXI�9RMZIVWMX]

0EVV]�%��7SRREÁ
&SR�%MV�'SRWYPXMRK

'SVHIPME�>MVEPHSÁ
%HZEMXE�&MSMRJSVQEXMGW

6EHY�:ERGMYÁ
%HZEMXE�&MSMRJSVQEXMGW

6EIJ�*EHIPÁ
,IRV]�*SVH�,IEPXL�7]WXIQ

%YWXMR�1SVVMWSRÁ
,IRV]�*SVH�,IEPXL�7]WXIQ

6EGLIP�1��/IRRI]Á
,IRV]�*SVH�,IEPXL�7]WXIQ

+ISVKI�%PERKEHIRÁ
,IRV]�*SVH�,IEPXL�7]WXIQ

1E]YV�6EQIWLÁ
,IRV]�*SVH�,IEPXL�7]WXIQ

+MP�1SVÁ���¦�KQSV$QIH�[E]RI�IHY�
;E]RI�7XEXI�9RMZIVWMX]

6IWIEVGL�%VXMGPI

/I][SVHW��7%67�'S:���MR§YIR^E�%��VIWTMVEXSV]�W]RG]XMEP�ZMVYW��L]TIV�MR§EQQEXMSR��HVYK�VITYVTSWMRK�
QIXL]PTVIHRMWSPSRI��KIRI�I\TVIWWMSR

4SWXIH�(EXI��1E]���XL������

(3-��LXXTW���HSM�SVK����������VW���VW�������Z�

https://doi.org/10.21203/rs.3.rs-29392/v1
mailto:sorin@wayne.edu
mailto:gmor@med.wayne.edu
https://doi.org/10.21203/rs.3.rs-29392/v1


3DJH�����

0MGIRWI��q�ŏ�8LMW�[SVO�MW�PMGIRWIH�YRHIV�E�'VIEXMZI�'SQQSRW�%XXVMFYXMSR�����-RXIVREXMSREP�0MGIRWI��Á
6IEH�*YPP�0MGIRWI

https://creativecommons.org/licenses/by/4.0/


3DJH�����

%FWXVEGX
'YVVIRX�QEREKIQIRX�IJJSVXW�SJ�'3:-(����MRGPYHI��IEVP]�HMEKRSWMW��YWI�SJ�ERXMZMVEPW��ERH�MQQYRI
QSHYPEXMSR��%JXIV�XLI�MRMXMEP�ZMVEP�TLEWI�SJ�XLI�MPPRIWW��MHIRXM¦GEXMSR�SJÁXLI�TEXMIRXW�HIZIPSTMRK�G]XSOMRI
WXSVQ�W]RHVSQI�MW�GVMXMGEP�����Á8VIEXQIRX�SJ�L]TIV��MR§EQQEXMSR�MR�XLIWI�TEXMIRXW�YWMRK�I\MWXMRK�
ETTVSZIH�XLIVETMIW�[MXL�TVSZIR�WEJIX]�TVS¦PIW�GSYPH�EHHVIWW�XLI�MQQIHMEXI�RIIH�XS�VIHYGI�XLI�VMWMRK
QSVXEPMX]��Á8LI�MHIRXM¦GEXMSR�SJ�I\MWXMRK�HVYKW�XLEX�GSYPH�QSHYPEXI�XLI�MQQYRI�VIWTSRWI�MW�ER
MQQIHMEXI�RIIH��,IVI�[I�WLS[�XLEX�ER�EREP]WMW�SJ�XLI�GLERKIW�MR�XLI�KIRI�I\TVIWWMSR��TEXL��[E]W�ERH
TYXEXMZI�QIGLERMWQW�FIX[IIR�7%67�'S:���MR§YIR^E�%��ERH�VIWTMVEXSV]�W]RG]XMEP�ZMVYW�GER�FI�YWIH�XS
MHIRXMJ]�*(%�ETTVSZIH�HVYKW�XLEX�GSYPH�FI�VITYVTSWIH�XS�LIPT�'3:-(����TEXMIRXW�[MXL�WIZIVI�W]QTXSQW
VIPEXIH�XS�L]TIV�MR§EQQEXMSR��%R�MQTSVXERX�¦RHMRK�MW�XLEX�HVYKW�MR�XLI�WEQI�GPEWW�QE]ÁRSX�EGLMIZI
WMQMPEV�IJJIGXW�Á%R�MRHITIRHIRX�GPMRMGEP�WXYH]�IZEPYEXIH�����WYFNIGXW��������	�ERH��������	�MR�TVI�ERH
TSWX�QIXL]PTVIHRMWSPSRI�KVSYTW��VIWTIGXMZIP]��8LMVX]�HE]�EPP�GEYWI�QSVXEPMX]�SGGYVVIH�EX�E�WMKRM¦GERXP]
PS[IV�VEXI�MR�XLI�TSWX�QIXL]PTVIHRMWSPSRI�KVSYT�GSQTEVIH�XS�TVI�QIXL]PTVIHRMWSPSRI�KVSYT������	�ZW�
����	��T!�������'PMRMGEP�VIWYPXW�GSR��¦VQIH�XLI�MR�WMPMGS�TVIHMGXMSR�XLEX�QIXL]PTVIHRMWSPSRI�GSYPH
MQTVSZI�SYXGSQIW�MR�WIZIVI�GEWIW�SJ�'3:-(�����8LIWI�¦RHMRKW�EVI�MQTSVXERX�JSV�ER]�JYXYVI�TERHIQMG
VIKEVHPIWW�SJ�XLI�ZMVYW�

��&EGOKVSYRH
1SWX�GYVVIRX�IJJSVXW�VIPEXIH�XS�'3:-(����WTER�E�RYQFIV�SJ�EVIEW�EW�JSPPS[W��M�ERXMZM��VEPW��MM�ZEGGMRI
HIZIPSTQIRX��MMM�HMEKRSWXMG�XIWXW��ERH�MZ�TEXMIRX�WYTTSVXMRK�MRXIVZIR��XMSRW��;MXLSYX�VIHYGMRK�XLI
WMKRM¦GERGI�ERH�MQTEGX�SJ�ER]�SJ�XLI�EVIEW�EFSZI��XLIVI�MW�ER�MQTSVXERX�EWTIGX�XLEX�LEW�RSX�FIIR
IPYGMHEXIH��XLI�MHIRXM¦GEXMSR�ERH�XVIEXQIRX�SJ�TEXMIRXW�HIZIPSTMRK�GVMXMGEP�GSRHMXMSRW�ERH�VMWO�SJ�QSVXEPMX]�
1ILXE�IX�EP��WXEXI�MR�E�ZIV]�VIGIRX�0ERGIX�TETIV�����%GGYQYPEXMRK�IZMHIRGI�WYKKIWXW�XLEX�E�WYFKVSYT�SJ
TEXMIRXW�[MXL�WIZIVI�'3:-(����QMKLX�LEZI�E�G]XSOMRI�WXSVQ�W]RHVSQI���8LMW�G]XSOMRI�W]R��HVSQI
GSVVIPEXIW�[MXL�LMKL�QSVXEPMX]��;I�TVSTSWI�XLEX�MHIRXM¦GEXMSR�ERH�ETTVSTVMEXI�QEREKIQIRX�SJ�XLI
TEXMIRXW�HIZIPSTMRK�G]XSOMRI�WXSVQ�W]RHVSQI�MW�GVMXMGEP�JSV�WYG��GIWWJYP�SYXGSQIW��8VIEXQIRX�SJ�L]TIV�
MR§EQQEXMSR�MR�XLIWI�TEXMIRXW�YWMRK�I\MWXMRK��ETTVSZIH�XLIVETMIW�[MXL�TVSZIR�WEJIX]�TVS¦PIW�GSYPH
EHHVIWW�XLI�MQQIHMEXI�RIIH�XS�VIHYGI�XLI�VMWMRK�QSVXEPMX]�

9RPMOI�SXLIV�IJJSVXW�VIPEXIH�XS�'3:-(�����XLI�[SVO�TVIWIRXIH�LIVI�JSGYWIW�SR��M�YRHIVWXERHMRK
MQQYRSPSKMGEP�VIWTSRWI�F]�PYRK�ITMXLIPMEP�GIPPW�XS�'3:-(����MRJIG��XMSR��ERH�MM�MHIRXMJ]MRK�HVYKW�XLEX
[SYPH�QMXMKEXI�SV�EPPIZMEXI�WSQI�SJ�XLI�HIZEWXEXMRK�SZIV�VIEGXMSRW�SJ�XLI�LSWX�W�MQQYRI�W]WXIQ��I�K�
G]XSOMRI�WXSVQ�XLEX�PIEH�XS�TSSV�SYXGSQIW��MRGPYHMRK�HIEXL�

%�7%67�'S:��WTIGM¦G�ZEGGMRI�SV�E�7%67�'S:��WTIGM¦G�ERXMZMVEP�[MPP�VIHYGI�XLI�MQTEGX�SJ�XLMW�TEVXMGYPEV
ZMVYW�MR�JYXYVI�WIEWSRW��,S[IZIV��FIXXIV�YRHIVWXERHMRK�XLI�EGYXI�VIEGXMSR�SJ�XLI�MQQYRI�W]WXIQW�ERH
LEZMRK�QSVI�XSSPW�XS�QMXMKEXI�ERH�SV�EZSMH�E�G]XSOMRI�WXSVQ�[MPP�FI�MQTSVXERX�JSV�ER]�JYXYVI�TERHIQMG
VIKEVHPIWW�SJ�XLI�ZMVYW�

about:blank
about:blank


3DJH�����

��6IWYPXW
;I�YWIH�EZEMPEFPI�XVERWGVMTXSQMG�HEXE�XS�GSQTEVI�%����PYRK�GIPP�PMRI�MRJIGXIH�[MXL�7%67�'S:���ZW��QSGO
MRJIGXMSR��LIRGIJSVXL�%���'S:�ZW'SRXVSP��%����MRJIGXIH�[MXL�WIEWSREP�MR§YIR^E�%�ZMVYW�ZW�QSGO
MRJIGXMSR��%���-%:ZW'SRXVSP��ERH�%����MR��JIGXIH�[MXL�LYQER�VIWTMVEXSV]�W]RG]XMEP�ZMVYW�ZW�QSGO
MRJIGXMSR��%���67:ZW'SRXVSP��;I�EPWS�GSQTEVIH�XLI�XVERWGVMTXMSREP�VIWTSRWI�MR�TVMQEV]�LYQER
FVSRGLMEP�ITMXLIPMEP��2,&)�FIX[IIR�GIPPW�MRJIGXIH�[MXL�7%67�'S:��ERH�QSGO�MRJIGXMSR��2,&)�
'S:�ZW'SRXVSP��*MREPP]��[I�GSQTEVIH�XLI�XVERWGVMTXMSREP�VIWTSRWI�MR�'3:-(����PYRK�XMWWYIW�ZW��LIEPXL]
PYRK�XMWWYI��'3:-(��ZW,IEPXL]��8LIWI�HEXE�[IVI�GSPPIGXIH�EX�1SYRX�7MREM�ERH�EVI�EZEMPEFPI�MR�+)3�EW
XLI�+7)�������HEXE�WIX���

(MWVYTXIH�KIRIW�ERH�FMSPSKMGEP�TVSGIWWIW��*MK��7��WLS[W�E�GSQTEVMWSR�SJ�XLI�EJJIGXIH�FMSPSKMGEP
TVSGIWWIW�MR�'3:-(��ZW,IEPXL]��2,&)'S:�ZW'SRXVSP��%���'S:�ZW'SRXVSP��%���-%:ZW'SRXVSP��ERH
%���67:ZW'SRXVSP��8LI�FMSPSKMGEP�TVS��GIWWIW��&4W�EVI�WLS[R�SVHIVIH�F]�XLIMV�WMKRM¦GERGI�MR
'3:-(��ZW,IEPXL]��-R�WTMXI�SJ�E�PEVKIV�RYQFIV�SJ�()+W�MR�XLI�'3:-(����MRJIGXIH�PYRK�������XLIVI�EVI
SRP]���WMKRM¦GERX�FMSPSKMGEP�TVSGIWWIW�MRZSPZIH��[LMGL�QE]�MRHMGEXI�E�QSVI�GSSVHMREXIH��W]WXIQMG
VIWTSRWI�Á�-R�GSRXVEWX�Á�XLI�GLERKIW�MR�XLI�2,&)�GIPPW�EVI�GLEVEGXIVM^IHÁ�F]�JI[IV�()+W��SRP]�����FYX
WTER�QSVI�YRGSSVHMREXIH�FMSPSKMGEP�TVSGIWWIW��8LMW�MW�MPPYWXVEXIH�MR�*MK��7��[LMGL�WLS[W�XLI�&4W�SVHIVIH
MR�XLI�SVHIV�SJ�WMKRM¦GERGI�JVSQ�2,&)'S:�ZW'SRXVSP��*MK��7��WLS[W�XLI�:IRR�HMEKVEQ�GSQTEVMRK�XLI
HMJJIVIRXMEPP]�I\TVIWWIH�KIRIW��()+W�MR�XLI�X[S�GSRXVEWXW��%�GSQTEVMWSR�SJ�XLI�()�KIRIW�EGVSWW�XLI�¦ZI
GSRXVEWXW�MW�WLS[R�MR�*MK��7��

4YXEXMZI�QIGLERMWQW�SJ�HMWIEWI��;I�TIVJSVQIH�ER�EREP]WMW�EMQMRK�XS�MHIRXMJ]�TYXEXMZI�QIGLERMWQW�SJ
HMWIEWI��%W�TEVX�SJ�XLMW�EREP]WMW�[I�MHIRXM¦IH�JSYV�KIRIW�XLEX�[IVI�TVIHMGXIH�XS�FI�EGXMZEXIH�YTWXVIEQ
VIKYPEXSVW�FEWIH�SR�XLI�SFWIVZIH�GLERKIW�MR�XLIMV�HS[RWXVIEQ�KIRIW��8LIWI�[IVI�-6*���78%8���-*2+��ERH
-*2&���8LIWI�WYKKIWX�X[S�HMJJIVIRX�TSXIRXMEP�QIGLERMWQW��8LI�¦VWX�ETTIEVW�XS�FI�XVMKKIVIH�F]�78%8�
ERH�-6*���[LMGL�LEZI����GSQQSR�XEVKIX�KIRIW�XLEX�EVI�EPWS�EPP�WMKRM¦GERXP]�YT�VIKYPEXIH��-*-���-*-8��
-*-8���-*-8���-*-81���-*-81���3%7���3%7���3%7���1<���1<���67%(���3%70��<%*���-6*���-6*���8LMW
QIGLERMWQ�MW�EPWS�ORS[R�XS�FI�MRZSPZIH�MR�XLI�VIWTSRWI�XS�MR§YIR^E�%��WII�MR§YIR^E�%�TEXL[E]�MR�*MK�
7��

8LI�WIGSRH�TYXEXMZI�QIGLERMWQ�MRZSPZIW�MRXIVJIVSR�FIXE�ERH�KEQQE��[LMGL�EVI�XEVKIXMRK���GSQQSR
HS[RWXVIEQ�KIRIW��'<'0����-(3���(3<����78%8���[LMGL�EVI�YT�VIKYPEXIH��ERH�,13<��[LMGL�MW�HS[R�
VIKYPEXIH��-RXIVJIVSR�VIKYPEXSV]�JEGXSVW��-6*W�EVI�WYFHMZMHIH�MRXS�XLI�MRXIVJIVSRMG�-6*W��-6*������ERH���
XLI�WXVIWW�VIWTSR��WMZI�-6*W��-6*��ERH����XLI�LIQEXSTSMIXMG�-6*W��-6*��ERH���ERH�QSVTLSKIRMG�-6*��
-6*��MW�E�VIKYPEXSV�SJ�X]TI�-�-*2�WMKREPMRK�ERH�MW�ORS[R�XS�MRXIVEGX�[MXL�78%8�Á��ÁÁÁÁ�ERH�78%8��XS�JSVQ�XLI
LIXIVSXVMQIVMG�XVERWGVMTXMSR�JEGXSV�GSQTPI\��-7+*��XLEX�FMRHW�XS�MRXIVJIVSR�WXMQYPEXIH�VIWTSRWI�IPIQIRXW
�-76)W�XS�MRHYGI�XLI�I\TVIWWMSR�SJ�MR��XIVJIVSR�WXMQYPEXIH�KIRIW��-7+��(YVMRK�ZMVEP�MRJIGXMSRW��-7+W
TIVJSVQ�X[S�OI]�JYRG��XMSRW����HMVIGXP]�PMQMX�ZMVEP�VITPMGEXMSR�F]�WLYXXMRK�HS[R�TVSXIMR�W]RXLIWMW�ERH
XVMKKIVMRK�ETSTXSWMW����-7+W�EGXMZEXI�OI]�GSQTSRIRXW�SJ�XLI�MRREXI�ERH�EHETXMZI�MQQYRI�W]W��XIQ�
MRGPYHMRK�ERXMKIR�TVIWIRXEXMSR�ERH�TVSHYGXMSR�SJ�G]XSOMRIW��8LI�KIRIW�XVMKKIVIH�F]�XLI�78%8��ERH�-6*�



3DJH�����

TEXL[E]�MRGPYHI�KIRIW�VIWTSRWMFPI�JSV�PMQMXMRK�ZMVEP�VITPMGEXMSR��-*-���-*-8���-*-8���-*-8���-*-81���-*-81��
3%7���3%7���3%7���1<���1<���67%(���3%70�ERH�MRHYGIVW�SJ�ETSTXSWMW��<%*���-6*���-6*���'<'0���
-(3���(3<����ERH�78%8��EVI�KIRIW�EWWSGMEXIH�[MXL�P]QTLSG]XI�VIGVYMXQIRX�ERH�MQQYRI�VIKYPEXMSR�

-RXIVIWXMRKP]��78%8��ERH�-6*��XSKIXLIV�EVI�EPWS�MHIRXM¦IH�EW�EGXMZEXIH�YTWXVIEQ�VIKYPEXSVW�HYI�XS���
HS[RWXVIEQ�XEVKIXW�IZIR�MR�XLI�2,&)'S:�ZW'SRXVSP��WII�*MK��7���,S[IZIV��MR�XLI�2,&)�GIPPW��XLI
MRXIVJIVSR�EGXMZEXSVW�[IVI�VITPEGIH�F]�ER�MRXIVPIYOMR��FEWIH�QIGLERMWQ�GIRXIVIH�EVSYRH�-0�&��-0���-0��%�
EHMTSRIGXMR��%(-435�ERH�XY��QSV�RIGVSWMW�JEGXSV��82*�

;I�EPWS�PSSOIH�EX�KIRIW�XLEX�EVI�ORS[R�XS�QSHYPEXI�SV�MRLMFMX�XLI�MR§EQQEXSV]�VIWTSRWI�WYGL�EW�-0�62
-0����ERH�-0����-R�XLI�'3:-(��ZW,IEPXL]��-0�62�[EW�YT�[MXL�E�PSK��JSPH�GLERKI�SJ�����JSPH��E����JSPH
MRGVIEWI��*(6�GSVVIGXIH�T�!���¥���-0���[EW�YT�����JSPH��*(6�GSVVIGXIH�T�!�������[LMPI�XLI�QIEWYVIQIRX
JSV�-0���[EW�RSX�EZEMPEFPI��-R�XLI�2,&)'S:�ZW'SRXVSP��-0�62�[EW�YT�SRP]������JSPH��*6(�GSVVIGXIH�T�!
�������[LMPI�QIEWYVIQIRXW�JSV�-0���ERH�-0���[IVI�RSX�EZEMPEFPI��,S[IZIV��MR�XLMW�GSRXVEWX�����SYX����()
KIRIW�MQQIHMEXIP]�HS[RWXVIEQ�SJ�-0���ERH�YWYEPP]�MR��LMFMXIH�F]�-0���[IVI�YT�VIKYPEXIH�[LMGL�WXVSRKP]
WYTTSVXW�XLI�L]TSXLIWMW�XLEX�-0���MW�MRLMFMXIH��*(6�GSVVIGXIH�T�!�����¥��

-QTEGXIH�TEXL[E]W��8LI�WMKRM¦GERXP]�MQTEGXIH�TEXL[E]W�EVI�WLS[R�MR�*MK��7��SVHIVIH�F]�XLIMV
WMKRM¦GERGI�MR�'3:-(��ZW,IEPXL]��8LI�T�ZEPYIW�VITVIWIRX�E�GSQ��FMREXMSR�SJ�IRVMGLQIRX�ERH
TIVXYVFEXMSR�T�ZEPYIW��WII��ÁJSV�HIXEMPW�GSVVIGXIH�[MXL�*(6��*MK��7��WLS[W�XLI�WMKREPMRK�TEXL[E]W�MR�EPP��
I\TIVMQIRXW��SVHIVIH�F]�XLIMV�WMKRM¦GERGI�MR�2,&)'S:�ZW'SRXVSP�

*MK��7��WLS[W�XLI�QSWX�MQTEGXIH�TEXL[E]��XLI�']XSOMRI�G]XSOMRI�MRXIVEGXMSRW��*MK��7���WLS[W�XLI
'LIQSOMRI�WMKREPMRK�TEXL[E]��3R�XLMW�TEXL[E]��XLI�MQTEGX�MW�HYI�FSXL�XS�XLI�PEVKI�RYQFIV�SJ�()�KIRIW
����SYX�SJ������EW�[IPP�EW�XS�XLI�GPIEV�WMKREP�TVSTEKEXMSR�JVSQ�XLI�GLIQSOMRIW�SYXWMHI�XLI�GIPP����
GLIQSOMRIW�YT�VIKYPEXIH��XLVSYKL�XLI�GLIQSOMRI�VIGITXSV�ERH�ZME�XLI�.%/�ERH�78%8�QIGLERMWQ��*MK�
7���WLS[W�ERSXLIV�ZMI[�SJ�XLI�QIGLERMWQ�MRZSPZMRK�XLI�KIRIW�SR�XLMW�TEXL[E]�ERH�EPP�XLIMV�ORS[R
MRXIVEGXMSRW�

4VSTSWIH�HVYKW��3RGI�[I�MHIRXM¦IH�XLI�QEMR�VIKYPEXSV]�TEXL[E]W�TSXIRXMEPP]�EWWSGMEXIH�[MXL�L]TIV�
MR§EQQEXMSR�[I�IZEPYEXIH�MR�WMPMGS�*(%�ETTVSZIH�HVYKW�XLEX�GSYPH�WLS[�EGXMZMX]�SR�QYPXMTPI
GSQTSRIRXW�SJ�MR§EQQEXMSR�ERH�GSRWIUYIRXP]�GSYPH�FI�YWIH�JSV�XLI�QEREKIQIRX�SJ�WIZIVI�'3:-(���
GEWIW��;I�GSRWMHIVIH�XLI�RYQFIV�SJ�()�KIRIW�XLEX�[SYPH�FI�VIZIVXIH�F]�IEGL�HVYK��EW�[IPP�EW�GEPGYPEXIH
E�&SRJIVVSRM��GSVVIGXIH�T�ZEPYI�MRHMGEXMRK�XLI�WYMXEFMPMX]�SJ�IEGL�HVYK�JSV�VITYVTSWMRK�MR�'3:-(����FEWIH
SR�X[S�HMJJIVIRX�ETTVSEGLIW��WII�QIXLSHW��;I�PSSOIH�JSV�HVYKW�XLEX�LEZI�FSXL�WQEPP�T�ZEPYIW�EW�[IPP�EW
VIZIVX�E�PEVKIV�RYQFIV�SJ�()�KIRIW��8LI�XST�XLVII�HVYKW�HVYK�MHIRXM¦IH�F]�SYV�EREP]WMW�EVI�WLS[R�MR�*MK�
��Á1IXL]PTVIHRMWSPSRI�MW�XLI�HVYK�XLEX�[EW�MHIRXM¦IH�EW�XLI�QSWX�PMOIP]�XS�[SVO��8LMW�HVYK�XEVKIXW���
KIRIW�XLEX�EVI�JSYRH�XS�FI�()�MR�'3:-(��ZW,IEPXL]��3YX�SJ�XLIWI����KIRIW��XLI�HVYK�[SYPH�VIZIVX�XLI
GLERKIW�MR����SJ�XLIQ��8LI�HVYK�EPWS�LEH�ER�I\XVIQIP]�WMKRM¦GERX�T�ZEPYI��T�!�����¥���IZIR�EJXIV�E
&SRJIVVSRM�GSVVIGXMSR�[LMGL�MW�XLI�QSWX�WXVMRKIRX�GSVVIGXMSR�EZEMPEFPI��1IXL]PTVIHRMWSPSRI�EPWS�VIZIVXIH
���SYX�SJ����KIRIW�JSYRH�XS�FI�()�MR�2,&)'S:�ZW'SRXVSP��ERH����SYX�SJ����KIRIW�JSYRH�XS�FI�()�MR



3DJH�����

%���'S:�ZW'SRXVSP��*MK����WLS[W�XLI�TYXEXMZI�QIGLERMWQ�XLVSYKL�QIXL]PTVIHRMWSPSRI�EGXW�SR�XLI�()
KIRIW�MR�'3:-(��ZW,IEPXL]��ERH�LS[�XLIWI�KIRIW�MR§YIRGI�XLI�&4W�JSYRH�XS�FI�WMKRM¦GERXP]�MQTEGXIH�

'PMRMGEP�ZEPMHEXMSR��-R�ER�MRHITIRHIRX�WXYH]������IPMKMFPI�WYFNIGXW�[IVI�IR��VSPPIH��������	�ERH��������	
MR�TVI�ERH�TSWX�QIXL]PTVIHRMWSPSRI�KVSYTW��VIWTIG��XMZIP]��8LI�GPMRMGEP�GLEVEGXIVMWXMGW�ERH�XVIEXQIRXW
VIGIMZIH�F]�XLI�TEXMIRXW�EVI�WLS[R�MR�8EFPI�7��ERH�8EFPI�7���VIWTIGXMZIP]��%W�WLS[R�MR�8EFPI�7��XLMVX]�HE]
EPP�GEYWI�QSVXEPMX]�SGGYVVIH�EX�E�WMKRM¦GERXP]�PS[IV�VEXI�MR�TSWX�QIXL]PTVIHRMWSPSRI�KVSYT�GSQ��TEVIH�XS
TVI�QIXL]PTVIHRMWSPSRI�KVSYT������	�ZW�Á�����	�Á�T!������Á�2S�WXEXMW�Á�XMGEP�HMJJIVIRGI�[EW�HIXIGXIH�MR
XLI�TVSTSVXMSR�SJ�TEXMIRXW�TVIWGVMFIH�IQTMVMG�ER��XMFMSXMGW�SV�XLI�XMQI�XS�IQTMVMG�XLIVET]��8LI�WYVZMZEP
GYVZIW�SJ�XLI�TVI��ERH�TSWX��QIXL]PTVIHRMWSPSRI�KVSYTW�EVI�WLS[R�MR�*MK����

��(MWGYWWMSR
8[S�VIGIRX�TETIVW�WXVIWW�XLI�MQTSVXERGI�SJ�E�GPMRMGEP�TLIRSX]TMRK�XLEX�[SYPH�HMW��XMRKYMWL�XLI�TLEWI
[LIVI�XLI�ZMVEP�TEXLSKIRMGMX]�MW�HSQMRERX�ZIVWYW�[LIR�XLI�LSWX�MR§EQQEXSV]�VIWTSRWI�SZIVXEOIW�XLI
TEXLSPSK]�������%�WXVSRK�EVKYQIRX�MR�JEZSV�SJ�EPWS�XEVKIXMRK�XLI�LSWX�VIWTSRWI�MW�SJJIVIH�F]�XLI�HEXE�SR
MR§YIR^E��)ZIR�XLSYKL�MR��§YIR^E�TEXMIRXW�VIGIMZI�STXMQEP�ERXM�ZMVEP�XLIVET]��ETTVS\MQEXIP]���	�SJ�XLI
GVMXMGEPP]�MPP�MR§YIR^E�TEXMIRXW�WXMPP�HMI�������8LMW�WYKKIWXW�XLEX�ERXM�ZMVEPW�EPSRI�[MPP�RSX�FI�WY¨��GMIRX�JSV
'3:-(����IMXLIV��ERH�XLI�LSWX�VIWTSRWI�XS�XLI�ZMVYW�WXMPP�RIIHW�XS�FI�XEOIR�MRXS�GSRWMHIVEXMSR�

,S[IZIV��ETTVSEGLIW�EMQMRK�EX�QSHYPEXMRK�XLI�MQQYRI�VIWTSRWI�JEGI�WSQI�GSRGIVRW��-R�TEVXMGYPEV��MX
QE]�WIIQ�GSYRXIV�MRXYMXMZI�XS�XV]�XS�HMQMRMWL�XLI�MQQYRI�VIWTSRWI�MR�E�TEXMIRX�[LSWI�MQQYRI�W]WXIQ�MW
¦KLXMRK�EKEMRWX�E�ZMVYW��1SHYPEXMRK�XLI�MQQYRI�W]WXIQ�MW�PMOIP]�YRRIGIWWEV]�ERH�GSYRXIV�TVSHYGXMZI�JSV
TEXMIRXW�[LSWI�MQQYRI�W]WXIQ�MW�HSMRK�E�KSSH�NSF�EX�VIWSPZMRK�XLI�MRJIGXMSR��[LMPI�MX�GSYPH�TSXIRXMEPP]�FI
PMJI�WEZMRK�JSV�XLSWI�[LSWI�MR§EQQEXSV]�VIWTSRWI�LEW�FIGSQI�H]WVIKYPEXIH��-J�E�TEXMIRX�LEW�HIZIPSTIH
WIZIVI�VIWTMVEXSV]�W]QTXSQW�ERH�MW�L]TS\MG��XLI�LSWX�VIWTSRWI�XLEX�PIEH�XS�%6(7��WITWMW��ERH�SVKER
JEMPYVI�LEW�EPVIEH]�FIIR�MRMXMEXIH����%X�XLMW�TSMRX��XLI�JSGYW�WLSYPH�WLMJX�XS�WYTTSVXMRK�XLI�TEXMIRX�W
W]WXIQW�ERH�TVIZIRXMRK�GSPPETWI�XVMKKIVIH�F]�L]TIV�MR§EQQEXMSR���

%R�MQTSVXERX�¦RHMRK�MW�XLEX�HVYKW�MR�XLI�WEQI�GPEWW�[MPP�RSX�LEZI�WMQMPEV�IJJIGXW��*SV�MRWXERGI�
QIXL]PTVIHRMWSPSRI�ERH�TVIHRMWSPSRI�[IVI�TVIHMGXIH�XS�FI�IJJIGXMZI�MR�VIZIVXMRK�QER]�SJ�XLI�GLERKIW
XVMKKIVIH�F]�'3:-(�����[LMPI�SXLIV�GPSWIP]�VIPEXIH�WXIVSMHW�WYGL�EW�TVIHRMWSRI�SV�HI\EQIXLEWSRI�[IVI
RSX��1IXL]PTVIHRMWSPSRI�ERH�TVIHRMWSPSRI�EVI�WXIVSMHW�GYVVIRXP]�YWIH�XS�QSHYPEXI�XLI�MQQYRI�VIWTSRWI
MR�VLIYQEXSMH�EVXLVMXMW��8LI�TYXEXMZI�QIGLERMWQW�XLVSYKL�[LMGL�XLIWI�HVYKW�[SYPH�VI��ZIVX�XLI�KIRIW
H]WVIKYPEXIH�MR�'3:-(����EVI�WLS[R�MR�*MK�����;I�EPWS�PSSOIH�EX�SXLIV�WXIVSMHW�WYGL�EW�TVIHRMWSRI�
HI\EQIXLEWSRI��ERH�L]HVSGSVXMWSRI��,S[IZIV��TVIHRMWSRI�[EW�JSYRH�XS�XEVKIX�SRP]���KIRIW�XLEX�EVI�()
MR�XLI�'3:-(��ZW,IEPXL]�ERH�SRP]���SJ�XLI�KIRIW�XLEX�EVI�()�MR�XLI�2,&)'S:�ZW'SRXVSP��*VSQ�XLSWI�
TVIH��RMWSRI�[SYPH�VIZIVX�SRP]���SJ�XLI���()�KIRIW�MR�XLI�'3:-(��ZW,IEPXL]�ERH���SYX�ÁSJ�XLI���MR�XLI
2,&)'S:�ZW'SRXVSP��&SXL�]MIPHIH�MRWMKRM¦GERX�T�ZEPYIW��T�!���EJXIV�&SRJIVVSRM�WYKKIWXMRK�XLEX
TVIHRMWSRI�MW�RSX�I\TIGXIH�XS�FI�ER�IJJIGXMZI�XVIEXQIRX��4VIHRMWSPSRI��HI\EQIXLEWSRI��ERH
L]HVSGSVXMWSRI�FIPSRK�XS�XLI�WEQI�JEQMP]�SJ�GSV��XMGSWXIVSMHEP�ERXM�MR§EQQEXSV]�EKIRXW�ERH�XLIVI�MW�EPWS



3DJH�����

E�WXVYGXYVEP�WMQMPEVMX]�FIX[IIR�XLIQ��WII�*MK��7����-R�WTMXI�SJ�XLMW�WXVYGXYVEP�WMQMPEVMX]��L]HVSGSVXMWSRI
[SYPH�SRP]�VIZIVX���SYX�SJ����KIRIW�JSYRH�XS�FI�()�MR�XLI�'3:-(��ZW,IEPXL]��T�!������EJXIV�*(6�ERH��
SYX�SJ���KIRIW�JSYRH�XS�FI�()�MR�XLI�2,&)'S:�ZW'SRXVSP��T�!�������EJXIV�*(6��T�!���EJXIV�&SRJIVVSRM�
(I\EQIXLEWSRI�[EW�JSYRH�XS�VIZIVX����SYX�SJ����SJ�XLI�KIRIW�JSYRH�XS�FI�()�MR�XLI�'3:-(��ZW,IEPXL]
�T�!���EJXIV�*(6�GSVVIGXMSR�ERH����SYX�SJ����KIRIW�MR�XLI�2,&)'S:�ZW'SRXVSP��T�!�������EJXIV�*(6
GSVVIGXMSR��T�!�������EJXIV�&SRJIVVSRM�GSVVIGXMSR��-R�WLSVX��RIMXLIV�HI\EQIXLEWSRI�RSV�L]HVSGSVXMWSRI
ETTIEVW�XS�FI�IJJIGXMZI�MR�XLI�'3:-(����PYRK�XMWWYI��EPXLSYKL�L]HVSGSVXMWSRI�ETTIEVW�XS�FI�QEVKMREPP]
IJJIGXMZI�MR�XLI�2,&)�

Á

8LI�LSWX�MR§EQQEXSV]�VIWTSRWI�MR�XLI�PYRKW�QE]�PIEH�XS�EGYXI�PYRK�MRNYV]�ERH�EGYXI�VIWTMVEXSV]�HMWXVIWW
W]RHVSQI��%6(7��8LMW�GSRWXMXYXIW�XLI�QEMR�VEXMSREPI�JSV�TSXIRXMEPP]�YWMRK�GSVXMGSWXIVSMHW��,S[IZIV�
GSVXMGSWXIVSMHW�QE]�LEZI�EHZIVWI�IJJIGXW��ER�MRGVIEWIH�VMWO�SJ�WIGSRHEV]�MRJIGXMSR�ERH�HIPE]IH�ZMVEP
GPIEVERGI��%�VIGIRX�EVXMGPI�MR�0ERGIX�VITSVXW�XLEX�GPMRMGEP�IZMHIRGI�HSIW�RSX�WYTTSVX�GSVXMGSWXIVSMH
XVIEXQIRX�JSV�'3:-(�������,S[IZIV��XLMW�VITSVX�PSSOW�EX�WXIVSMHW�EW�ER�IRXMVI�GPEWW�SJ�HVYKW��%�VI��GIRX
VIXVSWTIGXMZI�WXYH]�SJ�����TEXMIRXW�[MXL�'3:-(����MR�'LMRE�JSYRH�XLEX�XVIEXQIRX�[MXL�QIXL]PTVIHRMWSPSRI
JSV�XLSWI�[LS�HIZIPSTIH�%6(7�[EW�EWWSGMEXIH�IJJIGXMZI�MR�HIGVIEWMRK�XLI�VMWO�SJ�HIEXL��%QSRK�TEXMIRXW
[MXL�%6(7��XVIEXQIRX�[MXL�QIXL]PTVIH��RMWSPSRI�HIGVIEWIH�XLI�VMWO�SJ�HIEXL��,6����������	�'-������������
�������?��	A�[MXL�QIXL]PTVIHRMWSPSRI�ZW����������&SXL�VITSVXW�EVI�IRXMVIP]�GSRWMWXIRX�[MXL�SYV�¦RHMRKW�
GSVXMGSWXIVSMHW�MR�KIRIVEP�EVI�238�I\TIGXIH�XS�LIPT�EW�E�GPEWW�SJ�HVYKW��,S[IZIV��QIXL]PTVIHRMWSPSRI�ERH
TVIHRMWSPSRI�EVI�XEVKIXMRK�E�PEVKI�RYQFIV�SJ�XLI�KIRIW�EJJIGXIH�F]�'3:-(����ERH�EVI�I\TIGXIH�XS�[SVO
WMKRM¦GERXP]�FIXXIV�XLER�SXLIV�GSVXMGSWXIVSMHW�

;I�EPWS�PSSOIH�EX�SXLIV�HVYKW�XLEX�LEZI�EPVIEH]�FIIR�TVSTSWIH�EW�VITYVTSW��MRK�GERHMHEXIW�JSV�'3:-(���
MRGPYHMRK��GLPSVSUYMRI��L]HVS\]GLPSVSUYMRI��IV]��XLVSQ]GMR��TVIHRMWSRI��HI\EQIXLEWSRI��MFYTVSJIR�
VMXSREZMV��EWTMVMR��ERH�GPSTM��HSKVIP��2SRI�SJ�XLIWI�[EW�TVIHMGXIH�XS�FI�IJJIGXMZI�MR�VIZIVXMRK�7%67�'S:�
KIRI�I\TVIWWMSR�GLERKIW��WII�7YTTPIQIRXEV]�1EXIVMEPW�

��1IXLSHW
'PMRMGEP�:EPMHEXMSR��;I�IZEPYEXIH�XLI�QIXL]PTVIHRMWSPSRI�TVSXSGSP�[MXL�E�WMRKPI�TVI��XIWX��WMRKPI�TSWX�XIWX
UYEWM�I\TIVMQIRX�JVSQ�1EVGL����1EVGL����������EX�E���LSWTMXEP�LIEPXL�W]WXIQ�MR�1MGLMKER��4EXMIRXW�[IVI
GSQTEVIH�FIJSVI�ERH�EJXIV�MQTPIQIRXEXMSR�SJ�XLI�QIXL]PTVIHRMWSPSRI�TVSXSGSP�SR�1EVGL���XL��8LI
GPMRMGEP�GLEVEGXIVMWXMGW�SJ�XLI�TEXMIRXW�EVI�WLS[R�MR�8EFPI�7���8LI�TVMQEV]�IRHTSMRX�[EW����HE]�EPP�GEYWI
QSVXEPMX]�

8LI�QIXL]PTVIHRMWSPSRI�TVSXSGSP��4EXMIRXW�[MXL�4'6�GSR¦VQIH�'3:-(����[LS�VIUYMVIH���PMXIVW�SV�QSVI�SJ
S\]KIR�TIV�QMRYXI�SR�EHQMWWMSR��SV�[LS�LEH�IWGE��PEXMRK�S\]KIR�VIUYMVIQIRXW�JVSQ�FEWIPMRI��[IVI
VIGSQQIRHIH�XS�VIGIMZI�-:�QIXL]P��TVIHRMWSPSRI�����XS���QK�OK�HE]�MR���HMZMHIH�HSWIW�JSV���HE]W�
4EXMIRXW�[LS�VIUYMVIH�-'9�EHQMWWMSR�[IVI�IPMKMFPI�XS�I\XIRH�XLI�-:�QIXL]PTVIHRMWSPSRI�GSYVWI�XS�E
QE\MQYQ�SJ���HE]W�EX�XLI�HMWGVIXMSR�SJ�XLI�QIHMGEP�XIEQ��-RWXMXYXMSREP�KYMHIPMRIW�EPWS�VIGSQQIRHIH



3DJH�����

L]HVS\]GLPSVSUYMRI�����QK�X[MGI�HEMP]�JSV���HSWIW�SR�HE]����JSPPS[IH�F]�����QK�X[MGI�HEMP]�SR�HE]W���
��

7XEXMWXMGEP�%REP]WMW�SJ�GPMRMGEP�HEXE��7YVZMZEP�EREP]WMW�[EW�TIVJSVQIH�YWMRK�XLI�/ETPER�1IMIV�QIXLSH�ERH
PSK�VERO�XIWX��1SVI�HIXEMPW�EFSYX�XLI�WXEXMWXMGEP�EREP��]WMW�ERH�GLEVEGXIVMWXMGW�SJ�XLI�TEXMIRX�TSTYPEXMSR�EVI
MRGPYHIH�MR�XLI�7YTTPIQIRXEV]�1EXIVMEPW�

4EXL[E]�EREP]WMW�QIXLSH��8LI�TEXL[E]W�EREP]WMW�[EW�TIVJSVQIH�YWMRK�XLI�-QTEGX�%REP]WMW�QIXLSH���
��������8LI�MQTEGX�EREP]WMW�YWIW�X[S�X]TIW�SJ�IZMHIRGI��M�XLI�SZIV�VITVIWIRXEXMSR�SJ�HMJJIVIRXMEPP]
I\TVIWWIH��()�KIRIW�MR�E�KMZIR�TEXL[E]�ERH�MM�XLI�TIVXYVFEXMSR�SJ�XLEX�TEXL[E]�GSQTYXIH�F]
TVSTEKEXMRK�XLI�QIEWYVIH�I\��TVIWWMSR�GLERKIW�EGVSWW�XLI�TEXL[E]�XSTSPSK]��8LIWI�EWTIGXW�EVI
GETXYVIH�F]�X[S�MRHITIRHIRX�TVSFEFMPMX]�ZEPYIW��T36%�ERH�T%GG��XLEX�EVI�XLIR�GSQFMRIH�MR�E�YRMUYI
TEXL[E]�WTIGM¦G�T�ZEPYI��1SVI�HIXEMPW�EVI�TVSZMHIH�MR�XLI�7YTTPIQIRXEV]�1EXIVMEPW�ERH�IPWI[LIVI�������

+IRI�3RXSPSK]��+3�EREP]WMW�QIXLSH��*SV�IEGL�+3�XIVQ���������XLI�RYQFIV�SJ�()�KIRIW�ERRSXEXIH�XS�XLI
XIVQ�MW�GSQTEVIH�XS�XLI�RYQFIV�SJ�()�KIRIW�I\TIGXIH�NYWX�F]�GLERGI��8LI�T�ZEPYI�MW�GSQTYXIH�YWMRK�XLI
L]TIVKISQIXVMG�HMWXVMFYXMSR�������ÁERH�GSVVIGXIH�[MXL�*(6�ERH�&SRJIVVSRM��;I�EPWS�YWIH�MR�MRXIPPMKIRX
TVYRRMRK�ET��TVSEGL�MRWTMVIH�F]�XLI�IPMQ�ERH�[IMKLX�TVYRMRK�QIXLSHW�����8LI�EPKSVMXLQ�GSRWXVYGXW�E
GYWXSQ�GYX�XLVSYKL�XLI�+3�LMIVEVGL]�F]�WXEVXMRK�[MXL�XLI�QSWX�WTIGM¦G�RSHIW�ERH�GEPGYPEXMRK�XLIMV�T�
ZEPYI�[MXL�EPP�KIRIW�EWWMKRIH�HMVIGXP]�XS�IEGL�WYGL�RSHI��-J�E�RSHI�MW�WMKRM¦GERX��MX�MW�VITSVXIH�EW�WYGL��-J
XLI�RSHI�MW�RSX�WMKRM¦GERX��XLI�KIRIW�EWWSGMEXIH�XS�XLI�KMZIR�RSHI�EVI�TVSTEKEXIH�XS�MXW�HMVIGX�ERGIWXSVW
ERH�E�T�ZEPYI�MW�GEPGYPEXIH�JSV�IEGL�SJ�XLSWI��7II�7YTTPIQIRXEV]�1EXIVMEPW�JSV�JYPP�HIXEMPW�

8LI�TVIHMGXMSR�SJ�YTWXVIEQ�'LIQMGEPW��(VYKW��8S\MGERXW��'(8W�MW�FEWIH�SR�X[S�X]TIW�SJ�MRJSVQEXMSR�Á�M
XLI�IRVMGLQIRX�SJ�()�KIRIW�JVSQ�XLI�I\TIVMQIRXÁÁ�ERH�MM�E�RIX[SVO�SJ�MRXIVEGXMSRW�JVSQ�XLI�%HZEMXE
/RS[PIHKI�&EWI��%/&�Z������[[[�EHZEMXEFMS�GSQ��8LI�RIX[SVO�MW�E�HMVIGXIH�KVETL�MR�[LMGL�XLI�WSYVGI
RSHI�VITVIWIRXW�IMXLIV�E�GLIQMGEP�WYFWXERGI�SV�GSQTSYRH��E�HVYK��SV�E�XS\MGERX��'(8��;I�JSGYWIH�SYV
[SVO�SR�*(%�ETTVSZIH�HVYKW�XLEX�GSYPH�FI�VITYVTSWIH��8LI�IHKIW�VITVIWIRX�ORS[R�MRGVIEWI�SV�HIGVIEWI
I\TVIWWMSR�IJJIGXW�XLEX�XLIWI�'(8W�LEZI�SR�ZEVMSYW�KIRIW��8LI�EREP]WMW�GSRWMHIVW�XLI�L]TSXLIWMW�XLEX�E
HVYK�[SYPH�VIZIVX�XLI�QIEWYVIH�KIRI�I\TVIWWMSR�GLERKIW��1SVI�HIXEMPW�EVI�MRGPYHIH�MR�7YTTPIQIRXEV]
1EXIVMEPW�

��'SRGPYWMSRW
'PMRMGEP�VIWYPXW�GSR¦VQIH�XLI�I¨GEG]�SJ�XLI�MR�WMPMGS�TVIHMGXMSR�XLEX�MRHMGEXIH�QIXL]P��TVIHRMWSPSRI�GSYPH
MQTVSZI�SYXGSQIW�MR�WIZIVI�'3:-(�����8LIWI�¦RHMRKW�EVI�MQ��TSVXERX�JSV�ER]�JYXYVI�TERHIQMG�VIKEVHPIWW
SJ�XLI�ZMVYW�

(IGPEVEXMSRW
)XLMGW��8LI�GPMRMGEP�WXYH]�[EW�E�QYPXM�GIRXIV�UYEWM�I\TIVMQIRXEP�WXYH]�EX�,IRV]�*SVH�,IEPXL�7]WXIQ�
GSQTVMWIH�SJ�¦ZI�LSWTMXEPW�MR�WSYXLIEWX�ERH�WSYXL�GIRXVEP�1MGLMKER��8LI�WXYH]�[EW�ETTVSZIH�F]�XLI

http://www.advaitabio.com/


3DJH�����

MRWXMXYXMSR�W�-RZIWXMKEXMSREP�6IZMI[�&SEVH���������[MXL�[EMZIV�SJ�GSRWIRX�ÁÁ

8LI�EYXLSVW�HIGPEVI�XLI�JSPPS[MRK�GSQTIXMRK�MRXIVIWXW��%�TEXIRX�ETTPMGEXMSR�LEW�FIIR�WYFQMXXIH�SR
����������F]�;E]RI�7XEXI�9RMZIVWMX]��8LMW�ETTPMGEXMSR�HIWGVMFIW�XLI�HVYK�VI�TYVTSWMRK�QIXLSH�YWIH
LIVI��8LI�MRZIRXSVW�EVI�7SVMR�(VEKLMGM��'SVHIPMEÁ>MVEPHS��6EHY�:ERGMY��%�WMKRM¦GERX�TEVX�SJ�XLI�EREP]WMW
[EW�TIVJSVQIH�[MXL�M4EXL[E]+YMHI�[LMGL�MW�E�WSJX[EVI�EREP]WMW�TPEXJSVQ�WMQMPEV�XS�-RKIRYMX]
4EXL[E]Á%REP]WMW��M4EXL[E]+YMHI�MW�GSQQIVGMEPM^IH�F]�%HZEMXE�&MSMRJSVQEXMGW��%HZEMXE&MS��7SVMR
(VEKLMGM�MW�XLI�JSYRHIV�ERH�')3�SJ�%HZEMXE�&MS��'SVHIPME�>MVEPHS�MW�ERÁIQTPS]II�SJ�%HZEMXE&MS��6EHY
:ERGMY�[EW�ER�IQTPS]II�SJ�%HZEMXE&MS�EX�XLI�XMQI�XLMW�[SVO�[EW�TIVJSVQIH��0EVV]�%��7SRRE��1(���4L(�ÁMW
XLI�WSPI�TVSTVMIXSV�SJ�&SR�%MV�'SRWYPXMRK�Á

��6IJIVIRGIW
���4YNE�1ILXE��(ERMIP�*�1G%YPI]��1MGLEIP�&VS[R��)QMPMI�7ERGLI^��6EGLIP�7�8EXXIV��WEPP��ERH�.IWWMGE�.

1ERWSR��'3:-(�����GSRWMHIV�G]XSOMRI�WXSVQ�W]RHVSQIW�ERH�8LI�0ERGIX�������

���,EWER�/�7MHHMUM�ERH�1ERHIIT�6�'3:-(����MPPRIWW�MR�REXMZI�ERH�MQQYRS��WYTTVIWWIH�WXEXIW��E
GPMRMGEP�XLIVETIYXMG�WXEKMRK�TVSTSWEP��8LI�.SYVREP�SJ�,IEVX�ERH�0YRK�8VERWTPERXEXMSR�������

���.ERIPPI�7YVZMZMRK�'3:-(�����%�HMWIEWI�XSPIVERGI�TIVWTIGXMZI��7GMIRGI�%HZERGIW��%TVMP������

���(ERMIP�&PERGS�1IPS��&IRNEQMR�2MPWWSR�4E]ERX��;IR�'LYR�0MY��6EWQYW�1�PPIV��1EV]PMRI�4ERMW��(EZMH
7EGLW��6ERH]�%��%PFVIGLX��ERH�&IRNEQMR�6��XIR3IZIV��7%67�'S:���PEYRGLIW�E�YRMUYI�XVERWGVMTXMSREP
WMKREXYVI�JVSQ�MR�ZMXVS��I\�ZMZS��ERH�MR�ZMZS�W]WXIQW��FMS6\MZ�������

���'YVX�1�,SVZEXL��+ISVKI�6�7XEVO��-ER�1�/IVV��ERH�.EQIW�)�(EVRIPP��-RXIVEGXMSRW�FIX[IIR�78%8�ERH
RSR�78%8�TVSXIMRW�MR�XLI�MRXIVJIVSR�WXMQYPEXIH�KIRI�JEGXSV���XVERWGVMTXMSR�GSQTPI\��1SPIGYPEV�ERH
'IPPYPEV�&MSPSK]������������������������

½��7SVMR�(VEKLMGM��4YVZIWL�/LEXVM��%HM�0EYVIRXMY�8EVGE��/EWLE]T�%QMR��%VMRE�(SRI��'EPMR�:SMGLMXE�
'SRWXERXMR�+ISVKIWGY��ÁERH�6SFIVXS�6SQIVS�Á�Á%�W]WXIQW�FMSPSK]�ETTVSEGL�JSV�TEXL[E]�PIZIP
EREP]WMW��+IRSQI�6IWIEVGL������������������������

���.ERMGI�/�0SYMI��7EQYIP�=ERK��1IMPIIR�%GSWXE��']RXLME�=IR��1MGLEIP�'�7EQYIP��6SFIVX�7GLIGLXIV�
,YKS�+YIZEVE��ERH�8MQSXL]�1�9]IOM��8VIEXQIRX�[MXL�RIY��VEQMRMHEWI�MRLMFMXSVW�JSV�GVMXMGEPP]�MPP
TEXMIRXW�[MXL�MR§YIR^E�%��,�2��'PMR��MGEP�-RJIGXMSYW�(MWIEWIW�����������������������

¾��'PEVO�(�6YWWIPP��.SREXLER�)�1MPPEV��ERH�.�/IRRIXL�&EMPPMI��'PMRMGEP�IZMHIRGI�HSIW�RSX�WYTTSVX
GSVXMGSWXIVSMH�XVIEXQIRX�JSV������R'S:�PYRK�8LI�0ERGIX��������������������������

���'LESQMR�;Y��<MES]ER�'LIR��=ERTMRK�'EM��<MRK�>LSY��7LE�<Y��,ERTMRK�,YERK��0M�>LERK��<ME�>LSY�
'LYRPMRK�(Y��=Y]I�>LERK��IX�EP��6MWO�JEGXSVW�EWWSGMEXIH�[MXL�EGYXI�VIWTMVEXSV]�HMWXVIWW�W]RHVSQI�ERH
HIEXL�MR�TEXMIRXW�[MXL�GSVSREZMVYW�HMWIEWI������TRIYQSRME�MR�;YLER��'LMRE��.%1%�-RXIVREP
1IHMGMRI�������

����%HM�0�8EVGE��7SVMR�(VEKLMGM��4YVZIWL�/LEXVM��7SRME�7�,EWWER��4SSNE�1MXXEP��.YRK��WYR�/MQ��'LSRK�.EM
/MQ��.YER�4IHVS�/YWERSZMG��ERH�6SFIVXS�6SQIVS��%�RSZIP�WMKREPMRK�TEXL[E]�MQTEGX�EREP]WMW�



3DJH������

&MSMRJSVQEXMGW�������������������

����4YVZIWL�/LEXVM��7SVMR�(VEKLMGM��%HM�0�8EVGE��7SRME�7�,EWWER��ERH�6SFIVXS�6SQIVS��%�W]WXIQ�FMSPSK]
ETTVSEGL�JSV�XLI�WXIEH]�WXEXI�EREP]WMW�SJ�KIRI�WMKREP��MRK�RIX[SVOW��-R�4VSKVIWW�MR�4EXXIVR
6IGSKRMXMSR��-QEKI�%REP]WMW�ERH�%TTPMGE��XMSRW��TEKIW��������7TVMRKIV�������

����%HM�0�8EVGE��7SVMR�(VEKLMGM��4YVZIWL�/LEXVM��7SRME�7�,EWWER��4SSNE�1MXXEP��.YRK��7YR�/MQ��'LSRK�.
/MQ��.YER�4�/YWERSZMG��ERH�6SFIVXS�6SQIVS��%�RSZIP�WMKREP��MRK�TEXL[E]�MQTEGX�EREP]WMW��74-%�
&MSMRJSVQEXMGW�������������������

����1MGLEIP�%WLFYVRIV�ERH�7Y^ERRE�0I[MW��3R�SRXSPSKMIW�JSV�FMSPSKMWXW��XLI�+IRI�3RXSPSK]�YRXERKPMRK
XLI�-R��-R�7MPMGS��7MQYPEXMSR�SJ�&MSPSKMGEP�4VSGIWWIW��2SZEVXMW�*SYRHEXMSR�7]QTSWMYQ������ZSPYQI
�����TEKIW��������;MPI]�3RPMRI�0MFVEV]�������

����+IRI�3RXSPSK]�'SRWSVXMYQ�IX�EP��8LI�+IRI�3RXSPSK]��+3�HEXEFEWI�ERH�MRJSV��QEXMGW�VIWSYVGI�
2YGPIMG�%GMHW�6IWIEVGL�����WYTTP���(����(����������

����7SVMR�(VEKLMGM��4YVZIWL�/LEXVM��6YM�4�1EVXMRW��+�'LEVPIW�3WXIVQIMIV��ERH�7XITLIR�%�/VE[IX^��+PSFEP
JYRGXMSREP�TVS¦PMRK�SJ�KIRI�I\TVIWWMSR��+IRSQMGW��������������������

�½��7SVMR�(VEKLMGM��7XEXMWXMGW�ERH�(EXE�%REP]WMW�JSV�1MGVSEVVE]W�YWMRK�6�ERH�&MSGSR��HYGXSV��'LETQER
ERH�,EPP�'6'�4VIWW�������

����%HVMER�%PI\E��.SVK�6ELRIRJYLVIV��ERH�8LSQEW�0IRKEYIV��-QTVSZIH�WGSVMRK�SJ�JYRGXMSREP�KVSYTW�JVSQ
KIRI�I\TVIWWMSR�HEXE�F]�HIGSVVIPEXMRK�+3�KVETL�WXVYG��XYVI��&MSMRJSVQEXMGW���������������������

*MKYVIW

*MKYVI��

8LI�XST�XLVII�HVYKW�TVSTSWIH�JSV�VITYVTSWMRK��8LI�XEFPI�WLS[W�FSXL�T�ZEPYIW�GSVVIGXIH�[MXL�&SRJIVVSRM�
EW�[IPP�EW�XLI�RYQFIV�SJ�()�KIRIW�XLEX�[SYPH�FI�VIZIVXIH�F]�IEGL�HVYK��4VIHRMWSPSRI�ERH
QIXL]PTVIHRMWSPSRI�EVI�WXIVSMHW�GYVVIRXP]�YWIH�XS�QSHYPEXI�XLI�MQQYRI�VIWTSRWI�MR�VLIYQEXSMH�EVXLVMXMW�
8LI�GSPYQR�JSV�%���-%:�ZW�'SRXVSP�MW�IQTX]�FIGEYWI�XLIVI�EVI�RS�()�KIRIW�XEVKIXIH�F]�XLIWI�HVYKW�MR
XLMW�GSRXVEWX�



3DJH������

*MKYVI��

8LI�TYXEXMZI�QIGLERMWQ�XLVSYKL�[LMGL�QIXL]PTVIHRMWSPSRI�EGX�SR�XLI�KIRIW�QIEWYVIH�XS�FI�()�ERH
LS[�XLIWI�KIRIW�MR§YIRGI�XLI�FMSPSKMGEP�TVSGIWWIW�JSYRH�XS�FI�WMKRM¦GERXP]�MQTEGXIH�MR�XLI�'3:-(����ZW
,IEPXL]��2SXI�LS[�QSWX�SJ�XLIWI�KIRIW�EVI�MQTPMGEXIH�MR�SRI�SV�QSVI�SJ�XLI�H]W�VIKYPEXIH�FMSPSKMGEP
TVSGIWWIW�



3DJH������

*MKYVI��

/ETPER�1IMIV�WYVZMZEP�GYVZI�JSV����HE]�QSVXEPMX]�HIQSRWXVEXMRK�MRGVIEWIH�TVSFEFMPMX]�SJ�WYVZMZEP�EX����
HE]W�MR�XLI�TSWX�QIXL]PTVIHRMWSPSRI�GSLSVX�EW�GSQTEVIH�XS�XLI�TVI�QIXL]PTVIHRMWSPSRI�GSLSVX��T!
�������

*MKYVI��



3DJH������

8LI�TYXEXMZI�QIGLERMWQW�XLVSYKL�[LMGL�1IXL]PTVIHRMWSPSRI��PIJX�TERIP�ERH�4VIHRMWSPSRI��VMKLX�TERIP
[SYPH�VIZIVX�XLI�GLERKIW�XVMKKIVIH�F]�'3:-(����MR�XLI�PYRK�XMWWYI�

7YTTPIQIRXEV]�*MPIW

8LMW�MW�E�PMWX�SJ�WYTTPIQIRXEV]�¦PIW�EWWSGMEXIH�[MXL�XLMW�TVITVMRX��'PMGO�XS�HS[RPSEH�

7YTTPIQIRXEV]�THJ

https://assets.researchsquare.com/files/rs-29392/v1/Supplementary.pdf

