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JV˰ 	�	� <NMSLJSM RNJV^R ZVJX YňN\NM ^NWZY\J\c RY_]SXQ SX ]SXQVN̐ >K]N\`J^SYXJV ]^_Mc ^RN SX^N\`NX^SYX Q\Y_Z NbZN\SNXLNM MNL\NJ]N] SX

aRY NbZN\SNXLNM YLL_ZJXLc _XS^] aS^RY_^ VSWS^] YX JXJVcdSXQ MSňN\NXLN SX 43 `S]S^] YO �˰	 ?<?< ˟
�˛ˠ˴ JX SXL\NJ]N SX
RYWNVN]]XN]] SX Y\ M_\J^SYX YO ]^Jc˰ >X]S^N ]^Jň Z\Y`SMNM MSňN\NXLN] SX ^\NXM] OY\ Z\SWJ\c LJ\N `S]S^] YO � �˰� ?<?< ˟�
˛ˠ˴ JXM XY
XNJ\ 8XMSJXJZYVS] ]_ZZY\^ ]N\`SLN] ˟N˰Q˰˳ ZJ^SNX^ ZJ\^SLSZJX^] ˟X͌��ˠ _Z ^Y ]SQXSŊLJX^ MSňN\NXLN SX SXZJ^SNX^ JMWS]]SYX]˰ 0

NM_LJ^SYX˳ WNMSLJ^SYX WJXJQNWNX^˳ 	� WYX^R] KNOY\N JXM MSňN\NXLN YO ̝��	 ?<?< ˟	�˛ˠ SX ^Y^JV WNMSLJV
LJ\N LYY\MSXJ^SYXˠ ^Y RNVZ ZJ\^SLSZJX^] _Z ^Y �
 WYX^R] JO^N\ LY]^] KN^aNNX ^RN SX^N\`NX^SYX JXM LYWZJ\S]YX
SWZ\Y`N ^RNS\ RNJV^R˳ J] aNVV J] NX^\c˳ JXM OY\ J Q\Y_Z aJ] XY^ ]^J^S]^SLJVVc ]SQXSŊLJX^˰
LYXXNL^SYX] ^Y ]YLSJV ]N\`SLN] ˟N˰Q˰˳ LYWZJ\S]YX Q\Y_Z
NWZVYcWNX^ ]_ZZY\^˳ J]]S]^JXLN ˟X͌���ˠ YX J aJS^SXQ VS]^
JZZVcSXQ OY\ KNXNŊ^]˳ VYXQ̐^N\W OY\ ^RN Z\YQ\JW˰
RY_]SXQˠ˰

˫:XJZZ N^ >VMN\ JXM MS]JKVNM EN^N\JX] 0ňJS\] ?JVY 0V^Y 7NJV^R 2J\N ?\YWS]SXQ˰ ?\N̾ZY]^ =Y^ QS`NX <Y]^ ZJ\^SLSZJX^] ^\JX]S^SYXNM ^Y ]^JKVN RY_]SXQ
JV˰ 	�	� RYWNVN]] `N^N\JX] Bc]^NW̄] 6N\SJ^\SL 7YWNVN]] ?\YQ\JW ]^_Mc JXJVcdSXQ LY]^ JO^N\ MS]LRJ\QN O\YW ^RN Z\YQ\JW˰ CRN Z\YQ\JW

aRY aN\N T_MQNM ^Y YňN\] NWN\QNXLc ^\JX]S^SYXJV RY_]SXQ JXM _^SVSdJ^SYX OY\ \N]_V^NM SX J �
˛ MNL\NJ]N SX ^RN J`N\JQN
KN ^YY SVV ^Y \NLY`N\ OY\ \NLY`N\c O\YW ZY]^JL_^N WNMSLJV ZJ\^SLSZJX^] ˟X͌	�ˠ 
 X_WKN\ YO 43 `S]S^]˴ J ��˛ MNL\NJ]N SX ^RN
O\YW ZRc]SLJV SVVXN]] LJ\N SX ZJ\^XN\]RSZ aS^R J VYLJV WYX^R] KNOY\N J`N\JQN X_WKN\ YO SXZJ^SNX^ JMWS]]SYX]˴ J �
˛
Y\ SXT_\c YX ^RN RYWNVN]] NWN\QNXLc RY_]SXQ JMWS]]SYX ^Y 
 WYX^R] MNL\NJ]N SX SXZJ^SNX^ VNXQ^R YO ]^Jc˴ JXM J �
˛
]^\NN^˳ K_^ XY^ SVV Z\Y`SMN\˰ ?J\^SLSZJX^] ]^JcNM OY\ �� JO^N\ MS]LRJ\QN O\YW ^RN MNL\NJ]N SX ^RN J`N\JQN LYWKSXNM LY]^ YO
NXY_QR ^Y KN SX J MJc] YX J`N\JQN SX J \N]SMNX^SJV LJ\N Z\YQ\JW˰ B^J^S]^SLJV SXZJ^SNX^ LJ\N JXM 43 `S]S^]˰
RY]ZS^JV OJLSVS^c OY\ ^RN NVMN\Vc JXM \NLNS`NM ]SQXSŊLJXLN aJ] XY^

SX^NX]S`N WYXS^Y\SXQ YO ]NVO̐LJ\N˳ \NZY\^NM˰
LYWW_XSLJ^SYX ]^\J^NQSN]˳ JXM ]YLSJV
NXQJQNWNX^˰

https://pubmed.ncbi.nlm.nih.gov/34803052/
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˫1_LRJXJX 7YWNVN]] JM_V^] 8X^N\OJS^R 7Y_]N WNMSLJV \N]ZS^N LJ\N <YMN\J^N˰ >K]N\`J^SYXJV ̝��
 ZN\ ZN\]YX ANVJ^S`N ^Y ^RN _]_JV LJ\N Q\Y_Z˳ ^RN \N]ZS^N
N^ JV˰ 	��
 MS]LRJ\QNM O\YW J Z\YQ\JW ]N\`N] ZNYZVN NbZN\SNXLSXQ ]^_Mc YO ZJ^SNX^] \NON\\NM KJ]NM YX J �	̐MJc LJ\N Q\Y_Z RJM ��˛ ONaN\ RY]ZS^JV JMWS]]SYX]

VJ\QN Z_KVSL RY]ZS^JV RYWNVN]]XN]] SX 2RSLJQY aRY RJ`N JX ^Y WNMSLJV \N]ZS^N LJ\N J`N\JQN ]^Jc J^ JXM ]ZNX^ �˰� ˟��˛ˠ ONaN\ MJc] SX ^RN RY]ZS^JV
SX 2RSLJQY SMNX^SŊNM JL_^N SVVXN]]˳ ^RN JKSVS^c ^Y JXM JLLNZ^NM ˟X͌�
�ˠ Y\ ̝�� ZN\ MJc YX J`N\JQN M_\SXQ � cNJ\ YO OYVVYa̐_Z˰ CRN\N

ZN\OY\W 03;] aS^R WSXSWJV J]]S]^JXLN˳ MNXSNM JMWS]]SYX aN\N XY ]SQXSŊLJX^ MSňN\NXLN] KN^aNNX Q\Y_Z]
JXM ^RN JKSVS^c ^Y O_XL^SYX SX J M\_Q̐ KNLJ_]N KNM] aN\N XY^ SX ^RN J`N\JQN X_WKN\ YO `S]S^] ^Y ^RN 43 Y\
JXM JVLYRYV̐O\NN Q\Y_Z ]N^^SXQ˰ CRN J`JSVJKVN ˟X͌
�ˠ˳ _]SXQ Y_^ZJ^SNX^ LVSXSL˰
Z\YQ\JW YňN\] SX^N\SW RY_]SXQ˳ OYYM˳ \NQ\N]]SYX JXJVc]S] ^Y
JL_^N RNJV^R LJ\N ˟XY^ ]USVVNM X_\]SXQˠ˳ LYX^\YV OY\ KJ]NVSXN
]_K]^JXLN JK_]N LY_X]NVSXQ˳ LJ]N MSňN\NXLN] KN^aNNX
WJXJQNWNX^˳ JXM \NON\\JV] ^Y Q\Y_Z]˰
ZN\WJXNX^ RY_]SXQ˰

˫:N\^N]d N^ 7YWNVN]] JM_V^] 1Y]^YX 7NJV^R 2J\N OY\ ^RN 7YWNVN]] <YMN\J^N˰ >K]N\`J^SYXJV ̝�˳�	� ZN\ ZN\]YX CRY]N _]SXQ WNMSLJV \N]ZS^N LJ\N RJM �
˛ VYaN\
JV˰ 	��� MS]LRJ\QNM O\YW J ?\YQ\JW WNMSLJV \N]ZS^N LJ\N Z\YQ\JW ]^_Mc YO ^RY]N OY\ JX J`N\JQN ]^Jc YMM] YO KNSXQ \NJMWS^^NM ^Y ^RN RY]ZS^JV aS^RSX ��

VJ\QN˳ JLJMNWSL ]N\`N] ZNYZVN NbZN\SNXLSXQ MS]LRJ\QNM ^Y \N]ZS^N YO 
�˰
 MJc] ˟̝	�
 MJc] LYWZJ\NM ^Y ^RY]N MS]LRJ\QNM ^Y ^RNS\ ̀YaX
WNMSLJV LNX^N\ SX RYWNVN]]XN]] SX 1Y]^YX aRY XNNM LJ\N ˟X͌�

ˠ JXM ̀YaX ZN\ MJcˠ LJ\N˳́ aRSLR WJc RJ`N SXLV_MNM J ]RNV^N\ Y\ ^RN
1Y]^YX ]RY\^̐^N\W LJ\N OY\ JX JL_^N WNMSLJV LJ\Ń ˟X͌�

ˠ JMT_]^SXQ ]^\NN^˰ ˟=Y^N˲ CRS] SX^N\`NX^SYX RJM ]YWN

Z\YKVNW JXM J\N JKVN ^Y ZN\OY\W 03;] OY\ MSňN\NXLN] SX ZJ^SNX^ LRJ\JL^N\S]^SL] YO LJ\N SX J B=5˰ˠ
JXM O_XL^SYX SX J Q\Y_Z ]N^^SXQ˰ 8^ YňN\] LRJ\JL^N\S]^SL] _]SXQ
SX^N\SW RY_]SXQ˳ MJSVc WNMSLJV LJ\N˳ 	�̐ Z\YZNX]S^c ]LY\N]˰
RY_\ X_\]SXQ LJ\N˳ Z]cLRSJ^\SL
LYX]_V^J^SYX˳ LJ]N WJXJQNWNX^˳ YX]S^N
MNX^JV LJ\N˳ JXM WNMSLJ^SYX
JMWSXS]^\J^SYX˰

˫1SNMN\WJX 0M_V^ ZJ^SNX^] JQN ?\YTNL^ 0LLN]] YO 3_\RJW 2Y_X^c VNM ?\YWS]SXQ˰ ?\N̾ZY]^ =Y^ QS`NX˰ 0`N\JQN 3_\SXQ ^RN cNJ\ JO^N\ J WNMSLJV \N]ZS^N LJ\N ]^Jc˳
N^ JV˰ 	��� �� JXM YVMN\ J WNMSLJV \N]ZS^N LJ\N Z\YQ\JW ^RJ^ ]^_Mc ˟X͌	�ˠ aS^RY_^ VNXQ^R YO ]^Jc SX ZJ\^SLSZJX^] RJM 
�˛ ONaN\ RY]ZS^JV JMWS]]SYX]˳

NbZN\SNXLSXQ YňN\NM J ]JON ZVJLN ^Y \NLY`N\ OY\ LYWZJ\S]YX Q\Y_Z˰ WNMSLJV \N]ZS^N ��˛ ONaN\ SXZJ^SNX^ MJc] aRNX JMWS^^NM˳ J
RYWNVN]]XN]] JXM ZNYZVN aS^R WNMSLJV XNNM] aRY aN\N LJ\N aJ] 
� MJc]˰ ]SWSVJ\ X_WKN\ YO 43 `S]S^]˳ ��
˛ WY\N
MS]LRJ\QNM O\YW JX JKVN ^Y ZN\OY\W 03;] JXM aY_VM KN Y_^ZJ^SNX^ Z\Y`SMN\ `S]S^]˳ JXM ��˛ VYaN\ RNJV^R
JL_^N̐LJ\N RY]ZS^JV MS]LRJ\QNM ^Y RYWN SO ^RNc RJM YXN˰ LJ\N LRJ\QN] ^RJX M_\SXQ ^RN cNJ\ KNOY\N ^RN
SX 3_\RJW˳ =˰2˰ CRN Z\YQ\JW Z\Y`SMNM X_\]SXQ LJ]N WNMSLJV \N]ZS^N LJ\N ]^Jc˰

WJXJQNWNX^ ^Y OJLSVS^J^N JLLN]] ^Y
LJ\N JXM LYY\MSXJ^SYX YO ]N\`SLN]˳
SXLV_MSXQ J]]S]^JXLN JZZVcSXQ OY\
RY_]SXQ JXM SXLYWN ]_ZZY\^˰
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7YWN WYMSŊLJ^SYX] J\N J UNc ONJ^_\N YO W_V^S̐LYWZYXNX^ SX^N\`NX^SYX] ^Y Z\N`NX^ OJVV] JWYXQ YVMN\ JM_V^] JXM ^Y \NM_LN NX`S\YXWNX^JV
^\SQQN\] YO \N]ZS\J^Y\c MS]NJ]N] ]_LR J] J]^RWJ JXM 2>?3˰ B^_MSN] YO ]_LR SX^N\`NX^SYX] MY XY^ S]YVJ^N ^RN SWZJL^ YO RYWN WYMSŊLJ^SYX]˳
K_^ LYX]SMN\ ^RNS\ LYX^\SK_^SYX J] ZJ\^ YO JX SX^NQ\J^NM ZJLUJQN YO RNJV^R LJ\N JXM ]YLSJV ]N\`SLN]˰

5JVV] J\N ^RN WY]^ O\N[_NX^ LJ_]N YO SXT_\c JWYXQ YVMN\ JM_V^]˳ LYX^\SK_^SXQ ^Y 
 WSVVSYX 43 `S]S^]˳ ���˳��� RY]ZS^JVSdJ^SYX]˳ 
	˳��� MNJ^R]˳ JXM
̝�� KSVVSYX SX WNMSLJV LY]^] NJLR cNJ\ SX ^RN DXS^NM B^J^N] ˟<Y\NVJXM˳ :JUJ\J˳ JXM 7NX\c 	�	�ˠ˰ CRN 2YWW_XS^c 0QSXQ SX ?VJLN ̖ 0M`JXLSXQ
1N^^N\ ;S`SXQ OY\ 4VMN\] ˟20?01;4ˠ WYMNV YňN\] RYWN ]JON^c WYMSŊLJ^SYX] ˟N˰Q˰˳ SX]^JVVJ^SYX YO Q\JK KJ\]ˠ J] ZJ\^ YO J ZJ\^SLSZJX^̐MS\NL^NM˳
SX^N\Z\YON]]SYXJV RYWN `S]S^ Z\YQ\JW SX^NXMNM ^Y RNVZ YVMN\ JM_V^] VS`N ]JONVc J^ RYWN˰ AN]NJ\LR YX 20?01;4 SXMSLJ^N] ^RJ^ JX SX`N]^WNX^ YO
̝	˳�	� ZN\ ZN\]YX S] J]]YLSJ^NM aS^R _Z ^Y ̝	�˳��� SX WNMSLJV ]J`SXQ] ZN\ ZN\]YX ^Y ^RN <NMSLJ\N JXM <NMSLJSM Z\YQ\JW]˰ 5\YW ^RN ZN\]ZNL^S`N
YO J <NMSLJ\N 0M`JX^JQN ZVJX˳ SX`N]^SXQ SX ^RN 20?01;4 WYMNV LY_VM cSNVM JX A>8 YO _Z ^Y 	��˛ ˟ASXJVMY N^ JV˰ 	�	�ˠ˰

0]^RWJ MS]Z\YZY\^SYXJ^NVc JňNL^] VYa̐SXLYWN RY_]NRYVM] JXM ZNYZVN YO LYVY\ ˟?J^N N^ JV˰ 	�	�ˠ˰ 0WYXQ ^RN 	� WSVVSYX 0WN\SLJX] aS^R J]^RWJ˳
WNMSLJV LY]^] J\N ̝
˳	

 RSQRN\ ZN\ cNJ\ YX J`N\JQN ˟SX 	��� MYVVJ\]ˠ ^RJX OY\ ZNYZVN aS^RY_^ J]^RWJ ˟0050 	���ˠ˰ 0]^RWJ ]cWZ^YW] J\N
NbJLN\KJ^NM Kc NX`S\YXWNX^JV OJL^Y\] ]_LR J] WYVM JXM ZN]^] SX ^RN RYWN˰ 0 ]c]^NWJ^SL \N`SNa OY_XM XN^ ]J`SXQ] O\YW Z\YQ\JW] ^RJ^ J]]N]] JXM
WS^SQJ^N ]_LR OJL^Y\] aRNX LY_ZVNM aS^R NM_LJ^SYX OY\ LRSVM\NX JXM OJWSVSN] ˟=_\WJQJWKN^Y` N^ JV˰ 	���ˠ˰ 7YaN`N\˳ YXVc J RJXMO_V YO ]^_MSN] RJ`N
J]]N]]NM ^RN SWZJL^ YO ]_LR SX^N\`NX^SYX] OY\ JM_V^] ˟^RN OYL_] YO ^RS] Q_SMNˠ˰ >XN ]_LR Z\YQ\JW Z\YM_LNM JX A>8 YO ��
˛ ^Y 	��˛ O\YW \NM_LNM
RNJV^R LJ\N _]N JWYXQ KY^R LRSVM\NX JXM JM_V^] aS^R J]^RWJ ˟6YWNd N^ JV˰ 	���ˠ˰
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˫1\Nc]]N N^
JV˰ 	�	�˴

1\Nc]]N N^
JV˰ 	�		

7SQR̐XNNM˳ VYa̐
SXLYWN JM_V^] JQN 
�
JXM YVMN\ aRY ]ZYUN
4XQVS]R JXM aN\N XY^
LYQXS^S`NVc SWZJS\NM˴
RY]ZS^JVSdNM WY\N
^RJX OY_\ ^SWN] SX ^RN
ZJ]^ cNJ\˴ VS`SXQ SX J
X_\]SXQ RYWN˴ Y\
\NLNS`SXQ LJXLN\
^\NJ^WNX^˳ ]NVNL^
^RN\JZSN]˳ Y\ SX̐RYWN
X_\]SXQ ]N\`SLN]

0QSXQ 6\JLNO_VVc SX ?VJLN˳ J
\NZVSLJ^SYX YO ^RN 20?01;4 WYMNV SX
OY_\ ]S^N]˲ 1_\VSXQ^YX˳ E^˰˴ 6\NNX]KY\Y˳
=˰2˰˴ BJX 3SNQY˳ 2JVSO˰ ˴ JXM
FSVUN]̐1J\\N˳ ?NXX˰ 0X
SX^N\Z\YON]]SYXJV ^NJW ˟A=˳ >C˳ JXM
RYWN \NZJS\ ˟7Aˠ Z\YON]]SYXJVˠ
\NLNS`NM ^\JSXSXQ ^Y RNVZ LVSNX^]
SMNX^SOc O_XL^SYXJV QYJV] JXM MN`NVYZ
JX SX^NQ\J^NM ZVJX ^Y JMM\N]] ^RNW˳
aRSLR LY_VM SXLV_MN RYWN ]JON^c
WYMSŊLJ^SYX]˳ 3<4˳ JXM J]]S]^S`N
N[_SZWNX^ ^Y Z\N`NX^ OJVV]˰

B^\YXQ˰ A2C ˟X͌��
ˠ
LYWZJ\SXQ ^RY]N aRY
\NLNS`NM ]N\`SLN] SX ^RN
Ŋ\]^ cNJ\ ^Y ^RY]N YX J
aJS^VS]^ ^Y \NLNS`N
]N\`SLN] SX ^RN
OYVVYaSXQ cNJ\˰ <NMSLJV
LY]^] aN\N SWZ_^NM
O\YW \NQSYXJV
KNXLRWJ\U] MN\S`NM
O\YW <4?B JXM SXōJ^NM
^Y 	��� MYVVJ\]˰

<NMSJX YO ̝	˳
�	
ZN\ LVSNX^˳ XY^
SXLV_MSXQ LJ\N
LYY\MSXJ^SYX JXM
]_ZN\`S]SYX˰ <NMSJX
LYWZYXNX^ LY]^]
aN\N˲

>C˲ ̝���

A=˲ ̝
	�

7A˲ ̝�	�

3<4˲ ̝���

CNJW] WJMN � RYWN `S]S^] YX J`N\JQN M_\SXQ J
�̐WYX^R SX^N\`NX^SYX ZN\SYM˰

>XN̐cNJ\ WNMSLJV N`NX^ NbZNXMS^_\N] OY\
_XZVJXXNM RY]ZS^JVSdJ^SYX] JXM 43 `S]S^] aN\N
��˛ VYaN\ OY\ ^RN SX^N\`NX^SYX ^RJX ^RN LYX^\YV
Q\Y_Z ˟̝	˳�
� `]˰ ̝	˳�
�ˠ˰ 7YaN`N\˳ WNMSLJV
N`NX^ LY]^] MNL\NJ]NM WY\N SX ^RN LYX^\YV Q\Y_Z
˟Kc ̝�˳�
�˳ Y\ 
�˛ˠ ^RJX SX ^RN SX^N\`NX^SYX Q\Y_Z
˟Kc ̝�
�˳ Y\ 	�˛ˠ˰

2YX]S]^NX^ aS^R ^RN \N]_V^] YO Y^RN\ ]^_MSN] YO ^RN
20?01;4 WYMNV˳ ^RN SX^N\`NX^SYX SWZ\Y`NM
LVSNX^]̄ ZRc]SLJV O_XL^SYX JXM WNX^JV RNJV^R
Y_^LYWN]˳ aRSVN WJUSXQ RYWN] ]JON\ OY\
ZJ\^SLSZJX^]˰

˫8XMSLJ^N] ]^_MSN] JMMNM ^Y ^RN Q_SMN SX ^RS] _ZMJ^N˰
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˫A_Sd N^ JV˰
	���˴

ASXJVMY N^
JV˰ 	�	�

0M_V^] JQN 
� JXM
YVMN\ aRY aN\N M_JVVc
NX\YVVNM SX <NMSLJ\N
JXM <NMSLJSM˳ VS`NM SX
J RYWN SX 1JV^SWY\N
2Y_X^c˳ XNNMNM
J]]S]^JXLN aS^R
JL^S`S^SN] YO MJSVc VS`SXQ˳
JXM MSM XY^ RJ`N J
LYQXS^S`N SWZJS\WNX^

20?01;4 WYMNV SWZVNWNX^NM _XMN\
^RN 2NX^N\ OY\ <NMSLJ\N JXM <NMSLJSM
8XXY`J^SYX̄] 7NJV^R 2J\N 8XXY`J^SYX
0aJ\M˰ ˟BNN BdJX^YX N^ JV˰ 	���˳ OY\ J
MN]L\SZ^SYX YO 20?01;4˰ˠ

<YMN\J^N˰
>K]N\`J^SYXJV ]^_Mc
JXJVcdSXQ MSňN\NXLN SX
MSňN\NXLN] KN^aNNX
SX^N\`NX^SYX Q\Y_Z
˟X͌���ˠ JXM J Z\YZNX]S^c
]LY\N̐ WJ^LRNM
LYWZJ\S]YX Q\Y_Z
M\JaX O\YW ^RN ]JWN
I8? LYMN]˰

BNN BdJX^YX N^ JV˰
	���˰

0`N\JQN <NMSLJ\N NbZNXMS^_\N] MNL\NJ]NM Kc
̝	˳�
� ZN\ [_J\^N\ ZN\ ZN\]YX ˟̝�		 ?<?<ˠ OY\
^RN SX^N\`NX^SYX Q\Y_Z \NVJ^S`N ^Y ^RN LYWZJ\S]YX
Q\Y_Z˰ >X JX JXX_JV KJ]S]˳ ^RN\N aJ] J 
�˛
\NM_L^SYX O\YW KJ]NVSXN <NMSLJ\N NbZNXMS^_\N]
SX ^RN SX^N\`NX^SYX Q\Y_Z˳ SX JMMS^SYX ^Y
\NM_L^SYX] SX <NMSLJSM ]ZNXMSXQ˰

ASXJVMY N^ JV˰ ˟	�	�ˠ Nb^\JZYVJ^NM ^RN]N \N]_V^]
^Y NVSQSKVN RSQR̐XNNM YVMN\ JM_V^] SX <NMSLJ\N
0M`JX^JQN ZVJX]˳ LJVL_VJ^SXQ XN^ ]J`SXQ] YO
̝�˳	
� ???H ˟J]]_WSXQ JX SX^N\`NX^SYX LY]^ YO
̝	˳�	� ZN\ ZN\]YXˠ JXM L_W_VJ^S`N ]J`SXQ] YO
̝�˰
 WSVVSYX OY\ J ZVJX aS^R �˳��� WNWKN\]˰

BdJX^YX N^
JV˰ 	���

3_JV̐NVSQSKVN
KNXNŊLSJ\SN] JQN 
�ͅ
aRY \NZY\^NM MSŎL_V^c
aS^R J^ VNJ]^ YXN
JL^S`S^c YO MJSVc VS`SXQ

20?01;4 S] J �̐WYX^R Z\YQ\JW ^Y
\NM_LN ^RN RNJV^R NňNL^] YO SWZJS\NM
ZRc]SLJV O_XL^SYX SX VYa̐SXLYWN YVMN\
JM_V^] Kc JMM\N]]SXQ SXMS`SM_JV
LJZJLS^c JXM ^RN RYWN NX`S\YXWNX^˰
20?01;4 _]N] JX SX^N\Z\YON]]SYXJV
^NJW ˟>C˳ A=˳ RJXMcZN\]YXˠ ^Y RNVZ
YVMN\ JM_V^] J^^JSX ]NVO̐SMNX^SŊNM
O_XL^SYXJV QYJV]˰ >`N\ � WYX^R]˳
20?01;4 ZJ\^SLSZJX^] \NLNS`NM _Z ^Y

 ]N]]SYX] aS^R ^RN >C˴ _Z ^Y � aS^R
^RN A=˴ JXM _Z ^Y ̝�˳
�� YO RYWN
\NZJS\˳ WYMSŊLJ^SYX˳ JXM J]]S]^S`N
MN`SLN]˰

<YMN\J^N˰
=YX\JXMYWSdNM ^\SJV
˟X͌	�� SX SX^N\`NX^SYX
Q\Y_Z˳ 	˳��
 SX
LYWZJ\S]YX Q\Y_Zˠ˰

̝	˳�	� ZN\
ZJ\^SLSZJX^

0`N\JQN <NMSLJSM ]ZNXMSXQ ZN\ 20?01;4
ZJ\^SLSZJX^ aJ] ̝�
� VN]] ZN\ WYX^R ^RJX ^RN
WJ^LRNM LYWZJ\S]YX Q\Y_Z˳ Z\SWJ\SVc KNLJ_]N YO
\NM_L^SYX] SX SXZJ^SNX^ LJ\N JXM ;CBB˰

AN]NJ\LRN\] N]^SWJ^N 20?01;4 LY_VM ]J`N
<NMSLJSM JX J`N\JQN YO ̝��˳��� ZN\ ZJ\^SLSZJX^
ZN\ cNJ\˳ ]J`SXQ <NMSLJSM ]SQXSŊLJX^Vc WY\N ^RJX
S^ LY]^]˰ CRS] S] SX JMMS^SYX ^Y ^RN WY\N ^RJX
̝��˳��� ZN\ cNJ\ SX <NMSLJ\N ]J`SXQ] OY\
20?01;4 ZJ\^SLSZJX^]˳ SX SXZJ^SNX^ JXM Y_^ZJ^SNX^
LJ\N˰

˫BZYNV]^\J
N^ JV˰ 	���

0M_V^ <NMSLJSM
KNXNŊLSJ\SN] ˟JQN ��
JXM YVMN\ˠ \NLNS`SXQ
RYWN̐ JXM LYWW_XS^c̐
KJ]NM aJS`N\ ]N\`SLN]
SX OY_\ ]S^N] SX
<SLRSQJX

<YMSŊNM 20?01;4 WYMNV ^Y JVVYa
ōNbSKSVS^c SX ^RN X_WKN\ JXM ^cZN YO
RYWN `S]S^] JXM ^Y Nb^NXM ^RN
SX^N\`NX^SYX ^Y 
	 aNNU]˰ BYLSJV
aY\UN\] aN\N JMMNM ^Y ^RN
SX^N\Z\YON]]SYXJV ^NJW ^Y JMM\N]]
]YLSJV JXM NWY^SYXJV XNNM]˳
J_QWNX^SXQ ^RN \YVN YO A=] ˟aRY
JL^NM J] ^NJW VNJMN\] JXM JMM\N]]NM
WNMSLJV XNNM]ˠ˳ >C] ˟aRY RNVZNM
ZJ\^SLSZJX^] SWZ\Y`N ZRc]SLJV
O_XL^SYXSXQˠ˳ JXM RJXMcZN\]YX ˟aRY
WJMN RYWN WYMSŊLJ^SYX]ˠ˰

?\YWS]SXQ˰ ?\N̾ZY]^
]^_Mc YO J LYX`NXSNXLN
]JWZVN ˟X͌	��
SX^N\`NX^SYXˠ aS^R
KNXLRWJ\USXQ ^Y J
MNWYQ\JZRSLJVVc
WJ^LRNM LYRY\^
˟X͌�˳
��ˠ ^RJ^ \NLNS`NM
_]_JV LJ\N KNOY\N ^RN
SX^N\`NX^SYX˰

̝�˳��� ZN\ LJ]N OY\
JMMS^SYXJV RYWN
`S]S^] ZV_] ̝��� ZN\
LJ]N OY\ LJ\N
LYY\MSXJ^SYX˰
C\JSXSXQ LY]^] aN\N
̝	�� ZN\ LVSXSLSJX
JXM ̝
�� ZN\ cNJ\
OY\ OJLSVS^J^SYX˰ 7YWN
WYMSŊLJ^SYX] aN\N
ZJSM OY\ Kc <NMSLJSM
˟ZN\]YXJV
LYWW_XSLJ^SYX aS^R
^RN J_^RY\ˠ˰

CRN J`N\JQN X_WKN\ YO RY]ZS^JVSdJ^SYX]
MNL\NJ]NM �
˛ JO^N\ ^RN SX^N\`NX^SYX˰

CRN SX^N\`NX^SYX RJM XY ]SQXSŊLJX^ NňNL^ YX ^RN
J`N\JQN X_WKN\ YO 43 `S]S^]˰

CRN ZN\LNX^JQN YO KNXNŊLSJ\SN] NbZN\SNXLSXQ J^
VNJ]^ YXN OJVV MNL\NJ]NM O\YW 
�˰�˛ KNOY\N ^Y
	�˰�˛ JO^N\ ^RN SX^N\`NX^SYX˰
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B^_Mc ?YZ_VJ^SYX 8X^N\`NX^SYX ]_WWJ\c CcZN YO N`SMNXLN 8X^N\`NX^SYX LY]^ AN]_V^] YX _^SVSdJ^SYX JXM LY]^] YO LJ\N

A4<4380C8>= >5 7><4 4=E8A>=<4=C 5>A 0BC7<0

˫:\SNQN\˳
BYXQ˳ JXM
?RSVKc 	���

;Ya̐SXLYWN JM_V^]
˟JQN] ��̓
�ˠ aS^R
ZYY\Vc LYX^\YVVNM
J]^RWJ SX :SXQ
2Y_X^c˳ FJ]RSXQ^YX

2YWW_XS^c RNJV^R aY\UN\] WJMN �
RYWN `S]S^] Y`N\ �	 WYX^R] ^Y Z\Y`SMN
J]^RWJ NM_LJ^SYX˳ NX`S\YXWNX^JV
^\SQQN\ J]]N]]WNX^ JXM SX^N\`NX^SYX
˟N˰Q˰˳ ZN]^ WJXJQNWNX^ JXM JS\
Z_\SŊLJ^SYXˠ˳ LJ\N LYY\MSXJ^SYX˳ JXM
\NON\\JV] ^Y ]YLSJV ]N\`SLN]˰

B^\YXQ˰ A2C ˟X͌��� SX
SX^N\`NX^SYX JXM ��� SX
LYX^\YV Q\Y_Zˠ˰

=Y^ QS`NX =Y ]SQXSŊLJX^ MSňN\NXLN SX _\QNX^ RNJV^R LJ\N
_]N ˟43 `S]S^]˳ RY]ZS^JVSdJ^SYX]˳ JXM _\QNX^ LVSXSL
`S]S^]ˠ MN]ZS^N SWZ\Y`NM J]^RWJ LYX^\YV JXM
[_JVS^c YO VSON OY\ ^RY]N SX ^RN SX^N\`NX^SYX Q\Y_Z
`N\]_] ^RN LYX^\YV Q\Y_Z˰

˫6YWNd N^
JV˰ 	���˴

ANMMc˳
6YWNd˳ JXM
3SbYX 	���

0M_V^] JXM LRSVM\NX
aS^R JL^S`N J]^RWJ Y\
J]^RWJ N`NX^] SX ^RN
Z\N`SY_] cNJ\ VS`SXQ SX
=Na HY\U B^J^N
LYWW_XS^SN] aS^R J
RSQRN\ K_\MNX YO
RY_]SXQ̐\NVJ^NM SVVXN]]
JXM \S]U OJL^Y\]

=Na HY\U B^J^N 7NJV^Rc
=NSQRKY\RYYM] ?\YQ\JW Z\Y`SMNM
J]^RWJ ]NVO̐WJXJQNWNX^ NM_LJ^SYX˳
SXLV_MSXQ RYWN NX`S\YXWNX^JV
J]]N]]WNX^] OY\ RNJV^R JXM ]JON^c
RJdJ\M] JXM VYa̐LY]^ SX^N\`NX^SYX]
˟Q_SMJXLN˳ Z\YM_L^]˳ JXM \NON\\JV] ^Y
]N\`SLN]ˠ ^Y JMM\N]] J]^RWJ ^\SQQN\]˰
2YXMS^SYX] J\N \NJ]]N]]NM 
 ^Y 

WYX^R] JO^N\ ^RN SXS^SJV RYWN `S]S^˰

?\YWS]SXQ˰ ?\N̾ZY]^
]^_Mc aS^R XY
LYWZJ\S]YX Q\Y_Z
˟X͌��� LRSVM\NX JXM
�
� JM_V^] aS^R JL^S`N
J]^RWJ˴ ���
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̝
�	 ZN\ SX̐RYWN
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JXM RY]ZS^JV ]^Jc]˰

0WYXQ ^RY]N aS^R J]^RWJ N`NX^]˲ ZN\ ZN\]YX
WNMSLJV ]J`SXQ] YO ̝�˳��
 JXM XN^ KNXNŊ^ YO
̝��� ZN\ RYWN `S]S^˳ cSNVMSXQ J KNXNŊ^ YO ̝
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0WYXQ ^RY]N aS^R JL^S`N J]^RWJ˲ ZN\ ZN\]YX
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˛ A>8ˠ˰

˫AJW]Jc N^
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BLRaSXM^ N^
JV˰ 	���

0M_V^] aS^R ZYY\Vc
LYX^\YVVNM J]^RWJ
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RY_]SXQ SX aN]^]SMN
2RSLJQY

7NVZSXQ 2RSLJQȲ] FN]^]SMN 0M_V^]
1\NJ^RN JXM CR\S`N SX^N\`NX^SYX˲ 27F]
WJMN 
 RYWN `S]S^] Y`N\ �	 WYX^R] ^Y
Z\Y`SMN J]^RWJ NM_LJ^SYX˳ J]]N]] ^RN
RYWN NX`S\YXWNX^˳ LYVVJKY\J^N aS^R
VJXMVY\M] ^Y \NWNMSJ^N J]^RWJ ^\SQQN\]˳
JXM J]]S]^ LVSNX^] aS^R ]WYUSXQ
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]SQXSŊLJXLN aJ] XY^
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�˛ \NM_L^SYX
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˛ \NM_L^SYX SX
RY]ZS^JVSdJ^SYX] M_N ^Y J]^RWJ˳ JXM �
˛
\NM_L^SYX SX J]^RWJ̐\NVJ^NM 43 `S]S^]˰

˫C_\LY^^N N^
JV˰ 	���

;Ya̐SXLYWN JM_V^]
˟JQN 
	 JXM YVMN\ˠ
aS^R J]^RWJ J^ \S]U YO
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<J]]JLR_]N^^]˰ >XN̐
^RS\M JV]Y RJM 2>?3˰

<_V^SOJLN^NM RYWN NX`S\YXWNX^JV
SX^N\`NX^SYX MNVS`N\NM Kc LYWW_XS^c
RNJV^R aY\UN\] SXLV_MSXQ RNJV^R JXM
NX`S\YXWNX^JV J]]N]]WNX^˳ NM_LJ^SYX
YX J]^RWJ JXM NX`S\YXWNX^JV ^\SQQN\]˳
JXM \NON\\JV ^Y VJXMVY\M] OY\ RYWN
\NZJS\] ˟N˰Q˰˳ `NX^SVJ^SYX˳ ZV_WKSXQ
VNJU]˳ JXM L\JLU] JXM RYVN] ^RJ^ JVVYa
NX^\c OY\ ZN]^]ˠ˰

?\YWS]SXQ˰ ?\N̾ZY]^
]^_Mc aS^R XY
LYWZJ\S]YX Q\Y_Z
˟X͌�� RY_]NRYVM] aS^R
�
 JM_V^]ˠ˰

̝		� ZN\ ZJ\^SLSZJX^
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K_^ XY^ SXLV_MSXQ ^RN
LY]^ YO RYWN
\NWNMSJ^SYX˰

0^ � cNJ\ OYVVYa̐_Z˳ ^RN\N aJ] J ]SQXSŊLJX^
\NM_L^SYX SX `S]SKVN WYVM J]]YLSJ^NM aS^R J
]SQXSŊLJX^ MNL\NJ]N YO ��˛ SX J]^RWJ̐\NVJ^NM
MYL^Y\ `S]S^] ˟O\YW �˰
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5YYM SX]NL_\S^c˳ MNŊXNM J] \N]^\SL^NM JLLN]] ^Y JMN[_J^N OYYM M_N ^Y J VJLU YO WYXNc Y\ Y^RN\ \N]Y_\LN]˳ XNQJ^S`NVc JňNL^] RNJV^R JXM
aNVV̐KNSXQ ˟6_XMN\]NX JXM ISVSJU 	���ˠ˰ 7Y_]NRYVM OYYM SX]NL_\S^c S] J]]YLSJ^NM aS^R RSQRN\ RNJV^R LJ\N _^SVSdJ^SYX JXM ̝�
� KSVVSYX SX D˰B˰
RNJV^R LJ\N ]ZNXMSXQ ˟5A02 	���ˠ˰ ?NYZVN aS^R WNMSLJV LYXMS^SYX] JXM ]YLSYNLYXYWSL `_VXN\JKSVS^c OJLN LRJVVNXQN] ^Y WJSX^JSXSXQ J RNJV^Rc
MSN^˳ aRSLR LJX LYX^\SK_^N ^Y MS]NJ]N LYWZVSLJ^SYX] JXM SWZNMN \NLY`N\c ˟BSV`N\WJX N^ JV˰ 	���ˠ˰

CRS] \N`SNa OY_XM Z\YWS]SXQ ^Y WYMN\J^N N`SMNXLN ^RJ^ SX^N\`NX^SYX] ^Y SXL\NJ]N JLLN]] ^Y RNJV^Rc OYYM LJX ]SQXSŊLJX^Vc VYaN\ RNJV^R LJ\N
_^SVSdJ^SYX JXM LY]^] JXM \N]_V^ SX J ZY]S^S`N A>8˰ BN`NX ]^_MSN] YO RYWN̐MNVS`N\NM WNJV] OY\ ^RY]N aS^R LR\YXSL LYXMS^SYX]˳ X_^\S^SYXJV \S]U˳ Y\
RSQR XNNM] OY_XM ]SQXSŊLJX^Vc \NM_LNM \J^N] YO RY]ZS^JV JXM B=5 _^SVSdJ^SYX˰ BZNLSŊLJVVc˲

Ɣ 43 `S]S^] aN\N 	�˛ ^Y ��˛ VYaN\ SX 
 LYWZJ\S]YX] K_^ ��˛ RSQRN\ SX YXN ]^_Mc ˟WNMSJX 

˛ \NM_L^SYXˠ˰
Ɣ 8XZJ^SNX^ RY]ZS^JV JMWS]]SYX] aN\N �	˛ ^Y �	˛ VYaN\ ˟WNMSJX ��˛ˠ SX � LYWZJ\S]YX]˰
Ɣ 7Y]ZS^JV 
�̐MJc \NJMWS]]SYX] aN\N �
˛ ^Y �
˛ VYaN\ SX 	 LYWZJ\S]YX]˰
Ɣ 7Y]ZS^JV J`N\JQN VNXQ^R YO ]^Jc aJ] 
�˛ ]RY\^N\ SX � LYWZJ\S]YX˰
Ɣ B=5 JMWS]]SYX] aN\N 	�˛ ^Y �	˛ VYaN\ SX 	 LYWZJ\S]YX]˰
Ɣ >`N\JVV WNMSLJV LY]^] aN\N 
˛ ^Y 	�˛ VYaN\ ˟WNMSJX �
˛ˠ SX � LYWZJ\S]YX] ˟̝��
 ^Y ̝��
 ?<?<ˠ˰

FRSVN ^RN LY]^ YO Z\Y`SMSXQ WNMSLJVVc ^JSVY\NM WNJV] ˟<C<ˠ aJ] RSQRN\ ^RJX OY\ XYX^JSVY\NM WNJV] ˟WNMSJX YO ̝
�� `]˰ ̝		� ?<?<ˠ˳ Z\YQ\JW] ^RJ^
X_^\S^SYXJVVc ^JSVY\NM WNJV] ^Y LVSNX^]̄ WNMSLJV XNNM] ˟N˰Q˰˳ VYa̐]YMS_W MSN^ˠ QNXN\JVVc ]RYaNM Q\NJ^N\ SWZJL^ YX RNJV^R LJ\N _^SVSdJ^SYX˰ 0 ]^_Mc
˟1N\UYaS^d N^ JV˰ 	���Jˠ ^RJ^ LYWZJ\NM RYWN MNVS`N\c YO <C< JXM XYX^JSVY\NM WNJV] OY_XM ^RJ^ <C< \N]_V^NM SX VJ\QN\ \NM_L^SYX] SX RNJV^R LJ\N
_^SVSdJ^SYX JXM LY]^]˰

5SXJVVc˳ Y^RN\ XYXMNVS`N\NM OYYM ]_ZZY\^ Z\YQ\JW]˳ ]_LR J] B=0? JXM OYYM ZRJ\WJLSN]˳ RJ`N KNNX ]RYaX ^Y ]SQXSŊLJX^Vc \NM_LN RNJV^R LJ\N _^SVSdJ^SYX
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B^J^S]^SLJV ]SQXSŊLJXLN
aJ] XY^ \NZY\^NM˰

̝
	� ZN\ LVSNX^ JXM
̝	�� ZN\ LJ]N
KJ]NM YX JX
SX`N]^WNX^ YO
̝���˳�
� Kc ^RN
RY]ZS^JV ZJ\^XN\

>O 
�	 LVY]NM LJ]N]˳ �	˰�˛ \N]_V^NM SX LVSNX^]
\NLNS`SXQ VNQJV JM`SLN Y\ \NON\\JV] ^Y VNQJV
J]]S]^JXLN˰ ;YLJV RNJV^R LJ\N Z\Y`SMN\]
LYVVNL^NM ̝	�
˳��� SX JMT_]^NM <NMSLJSM
\NSWK_\]NWNX^ ˟̝��˳��� YX J`N\JQN OY\ 	�
LVSNX^] ^RJ^ YK^JSXNM KNXNŊ^]ˠ˳ cSNVMSXQ J ���˛
\N^_\X YX ^RN RY]ZS^JV̄] SX`N]^WNX^ SX ^RN
Z\YQ\JW˰ 2VSNX^] RJM ̝� �˳��˳��� YO KSVVNM RNJV^R
LJ\N ]N\`SLN] LY`N\NM Kc <NMSLJSM ˟̝�	˳�

 YX
J`N\JQN OY\ 	� LVSNX^]ˠ˰

˫C]JS N^ JV˰
	���

7YWNVN]] JXM VYa̐
SXLYWN `N^N\JX] aS^R
KNRJ`SY\JV RNJV^R
XNNM] J^ OY_\ ]S^N] SX
2YXXNL^SL_^ JXM =Na
HY\U

2YVVJKY\J^SYX] KN^aNNX VNQJV
Z\YON]]SYXJV] JXM RNJV^R LJ\N Z\Y`SMN\]
^RJ^ RNVZ ZJ^SNX^] JMM\N]] LS`SV VNQJV
Z\YKVNW] ^RJ^ LJX JňNL^ RNJV^R JXM aNVV̐
KNSXQ ˟N˰Q˰˳ KNXNŊ^]˳ RY_]SXQ˳ OJWSVc
S]]_N]˳ JXM LYX]_WN\ S]]_N]ˠ˰

?\YWS]SXQ˰ ?\Y]ZNL^S`N
YK]N\`J^SYXJV ]^_Mc
˟X͌���ˠ aS^RY_^
LYWZJ\S]YX Q\Y_Z˰

̝��̓�� JX RY_\˴
̝	��̝̓��� ZN\ VNQJV
S]]_N \N]YV`NM

CRN J`N\JQN ^Y^JV LY]^ OY\ NJLR \N]YV`NM S]]_N
aJ] ̝	�� ^Y ̝���˳ J] LYWZJ\NM ^Y J`N\JQN
JXX_JV MS\NL^ LY]^] YO ̝��˳��� ^Y ̝
�˳��� ^Y
Z\Y`SMN LJ\N ^Y J ZN\]YX aRY S] LR\YXSLJVVc
RYWNVN]]˳ RJ] J ]N`N\N WNX^JV SVVXN]]˳ Y\ KY^R˰

https://www.ncbi.nlm.nih.gov/pubmed/22643618
https://www.ncbi.nlm.nih.gov/pubmed/22643618
https://www.ncbi.nlm.nih.gov/pubmed/22643618
https://pubmed.ncbi.nlm.nih.gov/29200329/
https://pubmed.ncbi.nlm.nih.gov/29200329/


B>280; 8B>;0C8>= 0=3 ;>=4;8=4BB

0 LYWZ\NRNX]S`N \N`SNa YO ^RN VS^N\J^_\N OY_XM ^RJ^ ]YLSJV S]YVJ^SYX ˟SXO\N[_NXLc Y\ VJLU YO ]YLSJV LYX^JL^ˠ JXM VYXNVSXN]] ˟ONNVSXQ _XRJZZc aS^R
]YLSJV \NVJ^SYX]RSZ] JXM VJLU YO LYXXNL^SYX]ˠ J\N J]]YLSJ^NM aS^R J `J\SN^c YO JM`N\]N RNJV^R Y_^LYWN]˳ SXLV_MSXQ LJ\MSY`J]L_VJ\ MS]NJ]N˳
WNX^JV SVVXN]]˳ JXM Z\NWJ^_\N WY\^JVS^c ˟=0B4< 	�	�ˠ˰ BYLSJV S]YVJ^SYX JXM ONNVSXQ] YO VYXNVSXN]] J\N \NVJ^NM K_^ MS]^SXL^ LYXLNZ^]˰

CRN <NMSLJ\N Z\YQ\JW ]ZNX^ ̝�˳
�� WY\N JXX_JVVc YX ]YLSJVVc S]YVJ^NM KNXNŊLSJ\SN] ˟YKTNL^S`NVc WNJ]_\NMˠ ^RJX YX ^RY]N \NZY\^SXQ WY\N
LYXXNL^SYX] ^Y O\SNXM] JXM OJWSVc˳ JWY_X^SXQ ^Y JX N]^SWJ^NM ̝
˰� KSVVSYX SX JMMS^SYXJV <NMSLJ\N ]ZNXMSXQ JXX_JVVc˰ 8XL\NJ]NM ]ZNXMSXQ aJ]
LYXLNX^\J^NM SX SXZJ^SNX^ JXM B=5 LJ\N˰ 3N]ZS^N \NLNS`SXQ WY\N RNJV^R LJ\N˳ ]YLSJVVc S]YVJ^NM KNXNŊLSJ\SN] RJM 
�˛ Q\NJ^N\ \S]U YO MNJ^R˰ 8X
LYX^\J]^˳ ]_KTNL^S`N ONNVSXQ] YO VYXNVSXN]] Z\NMSL^NM \NM_LNM JXX_JV <NMSLJ\N ]ZNXMSXQ YO ̝�
� YX SXZJ^SNX^ JXM Y_^ZJ^SNX^ LJ\N˳ K_^ MSM XY^
Z\NMSL^ B=5 _]N Y\ WY\^JVS^c ˟5VYaN\] N^ JV˰ 	���˴ BRJa N^ JV˰ 	���ˠ˰

CRN NbJLN\KJ^SYX YO ]YLSJV S]YVJ^SYX M_\SXQ ^RN 2>E83̐�� ZJXMNWSL RJ] RNSQR^NXNM SX^N\N]^ SX JMM\N]]SXQ ]YLSJV S]YVJ^SYX JXM VYXNVSXN]]
JWYXQ ZJcN\]˳ Z\Y`SMN\]˳ JXM ZYVSLcWJUN\]˰ 0 \N`SNa YO SX^N\XJ^SYXJV Z\YQ\JW] ^Y Z\N`NX^ Y\ JMM\N]] VYXNVSXN]] JXM ]YLSJV S]YVJ^SYX OY_XM
^RJ^ ]N`N\JV aN\N LY]^̐NňNL^S`N Y\ LY]^̐]J`SXQ SX \NVJ^SYX ^Y RNJV^R LJ\N ˟<SRJVYZY_VY] N^ JV˰ 	�	�ˠ˰ 7YaN`N\˳ ^RN\N S] L_\\NX^Vc J VJLU YO
\SQY\Y_] N`SMNXLN N`JV_J^SXQ ^RN SWZJL^ YO ]_LR SX^N\`NX^SYX] YX J`YSMJKVN RNJV^R LJ\N LY]^] JXM _^SVSdJ^SYX SX ^RN D˰B˰

CR\NN ]^_MSN] NbJWSXNM SWZJL^] YX ]YLSJV S]YVJ^SYX SX ^RN D˰B˰ 0VV OY_XM KNXNŊ^]˳ JV^RY_QR YXVc YXN RJM J ]^\YXQ MN]SQX˰ 0 ]^_Mc YO
RYWN̐MNVS`N\NM WNJV] OY_XM ^RJ^ ^RN Z\YQ\JW \NM_LNM ONNVSXQ] YO S]YVJ^SYX JWYXQ ^RY]N aRY VS`NM JVYXN ˟CRYWJ] JXM 3Y]J 	���ˠ˳
]_QQN]^SXQ ^RJ^ S^ LJX KN RNVZO_V ^Y JMM\N]] ]YLSJV S]YVJ^SYX J] ZJ\^ YO Z\YQ\JW] ^Y WNN^ Y^RN\ ]YLSJV XNNM]˰

B^_Mc ?YZ_VJ^SYX 8X^N\`NX^SYX ]_WWJ\c CcZN YO N`SMNXLN 8X^N\`NX^SYX LY]^ AN]_V^] YX _^SVSdJ^SYX JXM LY]^] YO LJ\N

CRYWJ] JXM
3Y]J 	���˴

CRYWJ]˳
0UYK_XM_˳
JXM 3Y]J
	��
˴

CRYWJ] N^
JV˰ 	���

7SQR̐XNNM ]NXSY\]
˟JQN] 
�̓��	ˠ YX
aJS^SXQ VS]^] OY\
]N\`SLN] O\YW <NJV]
YX FRNNV] Z\YQ\JW]
J^ � ]S^N] SX 
 ]^J^N]˰

?J\^SLSZJX^] aN\N \JXMYWSdNM ^Y YXN YO
^R\NN Q\Y_Z]˲ �ˠ MJSVc WNJV MNVS`N\c
˟^\JMS^SYXJV <NJV] YX FRNNV] Z\YQ\JWˠ˳
	ˠ YXLN̐aNNUVc O\YdNX WNJV MNVS`N\c˳ Y\

ˠ aJS^SXQ VS]^ OY\ WNJV] ˟LYX^\YV
Q\Y_Zˠ˰ 8X^N\`NX^SYX ZN\SYM aJ] ��
aNNU]˰

B^\YXQ˰ A2C ˟X͌	��
\NLNS`NM MJSVc WNJV
MNVS`N\c˴ 	�	 \NLNS`NM
O\YdNX WNJV] YXLN J
aNNU˴ JXM 	��
\NWJSXNM YX aJS^SXQ
VS]^ˠ˰

=Y^ QS`NX ANLSZSNX^] YO RYWN̐MNVS`N\NM WNJV] ˟Q\Y_Z] �
JXM 	ˠ RJM J XYX]SQXSŊLJX^ 
�˛ VYaN\ \J^N YO
RY]ZS^JVSdJ^SYX LYWZJ\NM ^Y ^RY]N aRY MSM XY^
\NLNS`N WNJV] ˟��˛ `]˰ 	�˛ˠ˰

CRNc JV]Y RJM ]SQXSŊLJX^Vc VN]] aY\\c JKY_^
LYX^SX_SXQ ^Y VS`N J^ RYWN˳ J] aNVV J]
]SQXSŊLJX^Vc Q\NJ^N\ SWZ\Y`NWNX^] SX J`YSMSXQ
OJVV] ˟JWYXQ ^RY]N aRY RJM OJVVNX SX ^RN ZJ]^ˠ
JXM ONNVSXQ] YO VYXNVSXN]] ˟JWYXQ ^RY]N aRY
VS`NM JVYXNˠ LYWZJ\NM ^Y LYX^\YV]˰

CRY]N \NLNS`SXQ MJSVc WNJV] ˟aRY RJM MJSVc
LYX^JL^ aS^R MNVS`N\c ]^Jňˠ RJM Q\NJ^N\
SWZ\Y`NWNX^ YX ]YWN Y_^LYWN] ^RJX ^RY]N
\NLNS`SXQ aNNUVc WNJV]˰

https://nap.nationalacademies.org/catalog/25663/social-isolation-and-loneliness-in-older-adults-opportunities-for-the
https://www.aarp.org/content/dam/aarp/ppi/2017/10/medicare-spends-more-on-socially-isolated-older-adults.pdf
https://pubmed.ncbi.nlm.nih.gov/29545676/
https://pubmed.ncbi.nlm.nih.gov/31119308/
https://www.mealsonwheelsamerica.org/docs/default-source/News-Assets/mtam-full-report---march-2-2015.pdf?sfvrsn=6https%3A//www.mealsonwheelsamerica.org/docs/default-source/News-Assets/mtam-full-report---march-2-2015.pdf
https://www.mealsonwheelsamerica.org/docs/default-source/News-Assets/mtam-full-report---march-2-2015.pdf?sfvrsn=6https%3A//www.mealsonwheelsamerica.org/docs/default-source/News-Assets/mtam-full-report---march-2-2015.pdf
https://www.mealsonwheelsamerica.org/docs/default-source/News-Assets/mtam-full-report---march-2-2015.pdf?sfvrsn=6https%3A//www.mealsonwheelsamerica.org/docs/default-source/News-Assets/mtam-full-report---march-2-2015.pdf
https://www.mealsonwheelsamerica.org/docs/default-source/News-Assets/mtam-full-report---march-2-2015.pdf?sfvrsn=6https%3A//www.mealsonwheelsamerica.org/docs/default-source/News-Assets/mtam-full-report---march-2-2015.pdf
https://pubmed.ncbi.nlm.nih.gov/26613620/
https://pubmed.ncbi.nlm.nih.gov/26613620/
https://pubmed.ncbi.nlm.nih.gov/26613620/
https://pubmed.ncbi.nlm.nih.gov/26613620/
https://pubmed.ncbi.nlm.nih.gov/27798291/
https://pubmed.ncbi.nlm.nih.gov/27798291/


B^_Mc ?YZ_VJ^SYX 8X^N\`NX^SYX ]_WWJ\c CcZN YO N`SMNXLN 8X^N\`NX^SYX LY]^ AN]_V^] YX _^SVSdJ^SYX JXM LY]^] YO LJ\N

2J\_]Y 	��� <NMSLJ\N 0M`JX^JQN
ZVJX WNWKN\] aRY
]L\NNXNM ZY]S^S`N OY\
VYXNVSXN]] YX JX
SXS^SJV RNJV^R
J]]N]]WNX^

CRN 2J\N<Y\N CYQN^RN\XN]] ?\YQ\JW
^J\QN^] VYXNVSXN]] J] J RNJV^R LYXMS^SYX˰
?J\^SLSZJX^] \NLNS`N SX^N\`NX^SYX] ^RJ^
SXLV_MN aNNUVc ZRYXN LJVV] O\YW ^RN
ZVJX̄] CYQN^RN\XN]] 2YXXNL^Y\] JXM
Y^RN\ NWZVYcNN] aRY J]]N]] LYXLN\X]
JXM YňN\ Q_SMJXLN JXM J VS]^NXSXQ NJ\˰
BYLSJV aY\UN\] WJUN RYWN `S]S^] ^Y RNVZ
WNWKN\] MN`NVYZ LYZSXQ ]USVV] JXM
LYXXNL^ ^Y LYWW_XS^c̐KJ]NM
Y\QJXSdJ^SYX] JXM Y^RN\ Z\YQ\JW]
YňN\NM Kc ^RN ZVJX˰ 5Y\ NbJWZVN˳ J =SO^c
0O^N\ 5SO^c QcW ]N\`N] J] J ]YLSJV
LYXXNL^SXQ ZYSX^ OY\ J ZRc]SLJV NbN\LS]N
Z\YQ\JW ^JSVY\NM ^Y YVMN\ JM_V^] aS^R
LR\YXSL SVVXN]]N]˰

?\YWS]SXQ˰ ?\N̾ZY]^
]^_Mc ˟X͌���ˠ
aS^RY_^ LYWZJ\S]YX
Q\Y_Z˰ B^J^S]^SLJV
]SQXSŊLJXLN aJ] XY^
\NZY\^NM˰

=Y^ QS`NX ?\NVSWSXJ\c \N]_V^] ]RYa J �˛ MNL\NJ]N SX
Y_^ZJ^SNX^ NWN\QNXLc \YYW _]N JXM JX ��˛
MNL\NJ]N SX JL_^N RY]ZS^JV JMWS]]SYX]˰

˫6JVSJ^]J^Y]
N^ JV˰ 	�		

?J^SNX^] YO JX _\KJX˳
JLJMNWSL RY]ZS^JV
˟JQN] 
� JXM YVMN\ˠ
aRY RJM J
RY]ZS^JVSdJ^SYX SX ^RN
ZJ]^ �	 WYX^R] JXM
J MSJQXY]S] YO
MSJKN^N]˳ RSQR KVYYM
Z\N]]_\N˳ RNJ\^
OJSV_\N˳ Y\ 2>?3

CYQN^RN\ SX 2J\N SXS^SJ^S`N aJ] J
ZJ\^XN\]RSZ aS^R J <NJV] YX FRNNV]
˟<>Fˠ Z\YQ\JW ^RJ^ Z\Y`SMNM
SX^N\`NX^SYX] M_\SXQ ^RN 
 WYX^R] JO^N\
^RN ZJ^SNX^̄] ^\JX]S^SYX ^Y RYWN˰
8X^N\`NX^SYX] SXLV_MNM OYYM MNVS`N\c˳
RYWN ]JON^c SX]ZNL^SYX˳ ]YLSJV
NXQJQNWNX^˳ WNMSLJV ]_ZZVc JVVYLJ^SYX˳
JXM WSXY\ RYWN ]JON^c \NZJS\]˰

3_\SXQ WNJV MNVS`N\c˳ J <>F `YV_X^NN\
NXQJQNM SX �� WSX_^N] YO ]YLSJV
NXQJQNWNX^ ^R\Y_QR ]L\SZ^NM MJSVc
[_N]^SYX] JKY_^ WNMSLJ^SYX JMRN\NXLN˳
WNMSLJV JZZYSX^WNX^]˳ WYYM˳ JZZN^S^N˳
JXM aNVV̐KNSXQ˰ 0 <>F LJ\N WJXJQN\
XY^SŊNM ^RN ZJ^SNX^̄] Z\SWJ\c RNJV^R ^NJW
YO JXc aY\\S]YWN \N]ZYX]N]˰

?\YWS]SXQ˰ ?\N̾ZY]^
]^_Mc ˟X͌��ˠ aS^RY_^
LYWZJ\S]YX Q\Y_Z˰

=Y^ QS`NX CY^JV RY]ZS^JV NbZNXMS^_\N] aRSVN ^RN LYRY\^ aJ]
NX\YVVNM SX ^RN ^\JX]S^SYX Z\YQ\JW aN\N
̝�
�˳	��˳ ��˛ VYaN\ ^RJX ^RN ̝�˳���˳

� SX
LY]^] SXL_\\NM Kc ^RN]N ZJ^SNX^] M_\SXQ ^RN ^R\NN
WYX^R] Z\SY\ ^Y Z\YQ\JW NX\YVVWNX^˰

˫8XMSLJ^N] ]^_MSN] JMMNM ^Y ^RN Q_SMN SX ^RS] _ZMJ^N˰

https://pubmed.ncbi.nlm.nih.gov/30260617/
https://pubmed.ncbi.nlm.nih.gov/35010718/
https://pubmed.ncbi.nlm.nih.gov/35010718/


0??4=38G CJKVN �˰ B_WWJ\c YO 7NJV^RLJ\N D^SVSdJ^SYX 8WZJL^]
YO 7NJV^R̐ANVJ^NM BYLSJV =NNM] 8X^N\`NX^SYX]

BY_\LN˲ 6_SMN ^Y 4`SMNXLN OY\ 7NJV^R̐ANVJ^NM BYLSJV =NNM] 8X^N\`NX^SYX]˲ 	�	
 4XRJXLNM 4MS^SYX˳ 7NJV^R1NQSX]˳ 	�	
˰
0KK\N`SJ^SYX]˲ 0;>B ͌ 0`N\JQN ;NXQ^R YO B^Jc˴ <MX ͌ <NMSJX˴ = ͌ =_WKN\ YO B^_MSN]˴ B=5 ͌ BUSVVNM =_\]SXQ 5JLSVS^c˰ B^\NXQ^R YO N`SMNXLN˲ B ͌ B^\YXQ˴ < ͌ <YMN\J^N˴ ? ͌ ?\YWS]SXQ˰
=Y^N]˲ CRN]N MJ^J ]RY_VM XY^ KN _]NM ^Y LYWZJ\N ^RN NňNL^S`NXN]] YO SX^N\`NX^SYX]˰ =YX]SQXSŊLJX^ MSňN\NXLN] SX ]^_Mc Y_^LYWN] aN\N SXLV_MNM J] �˛ LRJXQN˰ 3J^J SX ^RN 0˾VV 4`SMNXLN˾
LJ^NQY\c aN\N _]NM ^Y Z\N̐ZYZ_VJ^N SXZ_^] OY\ @_SLU A>8 2JVL_VJ^Y\˰



0??4=38G CJKVN 	˰ B_WWJ\c YO BYLSJV BN\`SLN 8X^N\`NX^SYX 2Y]^]

BY_\LN˲ 6_SMN ^Y 4`SMNXLN OY\ 7NJV^R̐ANVJ^NM BYLSJV =NNM] 8X^N\`NX^SYX]˲ 	�	
 4XRJXLNM 4MS^SYX˳ 7NJV^R1NQSX]˳ 	�	
˰ 0˫MMS^SYXJV ŊNVM N`SMNXLN aJ] SXLV_MNM O\YW ^RN 2Y\ZY\J^SYX OY\
B_ZZY\^S`N 7Y_]SXQ˳ =Y\^R 2J\YVSXJ 7NJV^Rc >ZZY\^_XS^SN] ?SVY^ 5NN BLRNM_VN ˟SX WNMSLJV \N]ZS^N˳ X_^\S^SYX˳ JXM LJ\N WJXJQNWNX^ˠ˳ JXM :JS]N\ ?N\WJXNX^N ˟SX VNQJV JSMˠ˰
=Y^N˲ 8XōJ^SYX JMT_]^WNX^] aN\N WJMN ^Y \NōNL^ 9_XN 	�	
 MYVVJ\] J^ ^RN SXMS`SM_JV ]^_Mc VN`NV _]SXQ 2RJSXNM 2?8 OY\ 0VV D\KJX 2YX]_WN\]˳ D˰B˰ LS^c J`N\JQN ˟2̐2?8̐Dˠ OY\ 7Y_]SXQ˳ 5YYM˳
C\JX]ZY\^J^SYX˳ Y\ <NMSLJV 2J\N˳ JXM ^RN ?\YM_LN\ ?\SLN 8XMNb OY\ ;NQJV BN\`SLN]˰ 7SQRVSQR^NM `JV_N] J\N _]NM ^Y Z\N̐ZYZ_VJ^N SX^N\`NX^SYX LY]^] SX ^RN @_SLU A>8 2JVL_VJ^Y\˰
0KK\N`SJ^SYX]˲ = ͌ X_WKN\ YO ]^_MSN]˴ ?<?< ͌ ZN\ WNWKN\ ZN\ WYX^R˰ 2YWZY]S^N WNJX] ^RN LYWKSXNM LY]^ YO RY_]SXQ JXM ]_ZZY\^S`N ]N\`SLN]˰ 1_XMVN WNJX] ^RN RYWN WYMSŊLJ^SYX]
J\N Z\Y`SMNM J] ZJ\^ YO J W_V^S̐OJLN^NM SX^N\`NX^SYX˰

http://www.csh.org
http://www.csh.org
https://www.ncdhhs.gov/healthy-opportunities-pilot-fee-schedule-and-service-definitions/open
https://roi.healthbegins.org/welcome
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102:6A>D=3
FRSVN RNJV^R LJ\N Y\QJXSdJ^SYX] ˟72>]ˠ JXM LYWW_XS^c̐KJ]NM Y\QJXSdJ^SYX] ˟21>]ˠ RJ`N aSMNVc \NLYQXSdNM
^RJ^ ]YLSJV MN^N\WSXJX^] YO RNJV^R JXM ]YLSJV OJL^Y\] ]_LR J] JLLN]] ^Y RNJV^Rc OYYM]˳ RY_]SXQ˳ JXM
^\JX]ZY\^J^SYX RJ`N JX SWZJL^ YX RNJV^R Y_^LYWN] JXM LY]^]˳ WJXc VJLU ^RN ZVJXXSXQ ^YYV] Y\ O\JWNaY\U ^Y
^\JX]VJ^N ^RS] UXYaVNMQN JXM N`SMNXLN SX^Y ]_]^JSXJKVN ZJ\^XN\]RSZ]˰

CRN AN^_\X YX 8X`N]^WNX^ ˟A>8ˠ 2JVL_VJ^Y\ S] JX YXVSXN ^YYV MN]SQXNM ^Y J]]S]^ 72>] JXM 21>] ]NNUSXQ ^Y
L\NJ^N ZJ\^XN\]RSZ] ^Y JMM\N]] ^RN ]YLSJV XNNM] YO ^RNS\ ZJ^SNX^] Y\ WNWKN\]˰ B_LR Y\QJXSdJ^SYX] LJX _]N ^RS]
^YYV ^Y N]^SWJ^N ]N\`SLN XNNM]˳ ^J\QN^ ZYZ_VJ^SYX]˳ JXM ŊXJXLSJV J\\JXQNWNX^] KJ]NM YX N]^SWJ^NM RNJV^R LJ\N
LY]^ ]J`SXQ]˰ D]N\] YO ^RN LJVL_VJ^Y\ SXMSLJ^NM ^RJ^ ^RNc XNNM N`SMNXLN YX ^RN SWZJL^] YO ]YLSJV ]N\`SLN] YX
RNJV^R LJ\N _^SVSdJ^SYX JXM LY]^] JXM ^RN N]^SWJ^NM LY]^] YO Z\Y`SMSXQ ^RY]N ]N\`SLN] ^Y Q_SMN ^RN SXZ_^ `JV_N]˰

>1942C8E4
8X \N]ZYX]N ^Y ^RS] _]N\ ONNMKJLU˳ \N]NJ\LRN\] J^ ^RN 2YWWYXaNJV^R 5_XM LYVVNL^NM˳ \N`SNaNM˳ JXM ]cX^RN]SdNM
ZNN\̐\N`SNaNM JXM Q\Jc VS^N\J^_\N YX ^RN SWZJL^] YO `J\SY_] ]YLSJV ]N\`SLN SX^N\`NX^SYX] YX RNJV^R LJ\N LY]^] JXM
_^SVSdJ^SYX JWYXQ JM_V^] aS^R LYWZVNb RNJV^R JXM ]YLSJV XNNM]˰ CRS] Q_SMN OYL_]N] YX ^RN LJ^NQY\SN] YO
SX^N\`NX^SYX] ONJ^_\NM SX ^RN A>8 2JVL_VJ^Y\˳ J] MNŊXNM SX CJKVN �˰

CJKVN �˰ 3NŊXS^SYX] YO BYLSJV =NNM 8X^N\`NX^SYX]

BYLSJV =NNM 8X^N\`NX^SYX 3NŊXS^SYX

7Y_]SXQ B_ZZY\^ OY\ ]RY\^̐ Y\ VYXQ̐^N\W RY_]SXQ XNNM] JXM ]N\`SLN]˴ WJc SXLV_MN LYY\MSXJ^NM
LJ]N WJXJQNWNX^ ]N\`SLN] OY\ RY_]SXQ̐SX]NL_\N SXMS`SM_JV]˰

7YWN <YMSŊLJ^SYX] ANZJS\] JXM RYWN SWZ\Y`NWNX^]˳ N˰Q˰˳ SX]^JVVJ^SYX YO Q\JK KJ\] JXM Z_VV RJXMVN]˳ ^Y
]_ZZY\^ JQSXQ Y\ MS]JKVNM JM_V^] Kc Z\N`NX^SXQ JLLSMNX^] JXM NXJKVSXQ ^RNW ^Y LYX^SX_N
^Y VS`N SXMNZNXMNX^Vc J^ RYWN˴ WS^SQJ^SXQ NX`S\YXWNX^JV ^\SQQN\] YO J]^RWJ ]_LR J] Kc
ŊbSXQ VNJU] ^RJ^ LJX LJ_]N WYVM JXM ]NJVSXQ L\JLU] ^Y Z\N`NX^ NX^\c Kc ZN]^]˰

=_^\S^SYX BN\`SLN] Z\Y`SMSXQ Y\ OJLSVS^J^SXQ JLLN]] ^Y X_^\S^SY_] OYYM] SX Y\MN\ ^Y SWZ\Y`N ^RN MSN^
[_JVS^c YO ZJ^SNX^] _XJKVN ^Y JňY\M Y\ JLLN]] ^RN]N OYYM]˳ N˰Q˰˳ Z\YQ\JW] ]_LR J] <NJV]
YX FRNNV] JXM WNMSLJVVc ^JSVY\NM WNJV] ^RJ^ ]_ZZY\^ ]ZNLSŊL RNJV^R LJ\N LYXMS^SYX]˰

=YXNWN\QNXLc <NMSLJV
C\JX]ZY\^J^SYX

1NXNŊ^] JXM SX^N\`NX^SYX] ^RJ^ Z\Y`SMN ^\JX]ZY\^J^SYX ]N\`SLN] ˟N˰Q˰˳ ]R_^^VN]˳ ^JbS]˳
\SMN]RJ\SXQˠ ^Y XYXNWN\QNXLc WNMSLJV JZZYSX^WNX^]˳ N˰Q˰˳ Z\SWJ\c LJ\N JXM MSJVc]S]˰

2J\N <JXJQNWNX^ BN^] YO JL^S`S^SN] MN]SQXNM ^Y J]]S]^ ZJ^SNX^] JXM ^RNS\ LJ\NQS`N\] Y\ ]_ZZY\^ XN^aY\U] SX
WJXJQSXQ WNMSLJV LYXMS^SYX] JXM \NVJ^NM Z]cLRY]YLSJV XNNM] WY\N NňNL^S`NVc˰ CY KN
SXLV_MNM SX ^RN Q_SMN˳ JX SX^N\`NX^SYX aJ] \N[_S\NM ^Y SXLV_MN ]L\NNXSXQ OY\ ]YLSJV XNNM]
JXM̾Y\ WJUSXQ \NON\\JV] ^Y ]YLSJV ]N\`SLN]˰

https://doi.org/10.26099/7h07-zq20


2Y_X]NVSXQ˲ ;NQJV JXM
5SXJXLSJV

8X^N\`NX^SYX] ^RJ^ LYXXNL^ ZJ^SNX^] aS^R Y\ Z\Y`SMN Z\YON]]SYXJV ]N\`SLN] ^Y JMM\N]]
^RN ]YLSJV MN^N\WSXJX^] YO RNJV^R˳ ]_LR J] VNQJV JM`SLN̾J]]S]^JXLN ^Y JWNVSY\J^N
]_K]^JXMJ\M \NX^JV RY_]SXQ Y\ ŊXJXLSJV J]]S]^JXLN ^Y YK^JSX LY`N\JQN Y\ KNXNŊ^]˰

>^RN\˲ BYLSJV 8]YVJ^SYX JXM
;YXNVSXN]]

8X^N\`NX^SYX] ^Y JMM\N]] ]YLSJV S]YVJ^SYX ˟SXO\N[_NXLc Y\ VJLU YO ]YLSJV LYX^JL^ˠ JXM̾Y\
VYXNVSXN]] ˟ONNVSXQ _XRJZZc aS^R ]YLSJV \NVJ^SYX]RSZ] JXM VJLU YO LYXXNL^SYX]ˠ˰ CRN]N
SX^N\`NX^SYX] LJX KN SXLY\ZY\J^NM SX^Y ^RN LJVL_VJ^Y\ Kc ]NVNL^SXQ ̀>^RN\́ YX ^RN ]YLSJV
XNNM] WNX_˰

<4C7>3B
�˰ 3N`NVYZNM ]NJ\LR ^N\W]˰ CRN Ŋ\]^ NMS^SYX YO ^RN Q_SMN SMNX^SŊNM ]NJ\LR ^N\W] OY\ NJLR ]YLSJV XNNM

SX^N\`NX^SYX VS]^NM YX ^RN A>8 2JVL_VJ^Y\ ˟CJKVN �ˠ˰ CRN ]NJ\LR ]^\J^NQc aJ] MN`NVYZNM Kc _]SXQ ^RN
NbJL^ JXM \NVJ^NM ^N\W] VS]^NM YX ^RN ]YLSJV ]N\`SLN WNX_ LYWKSXNM _]SXQ 0=3 aS^R ^RN OYVVYaSXQ
^N\W]˲ RNJV^R LJ\N _^SVSdJ^SYX˳ _^SVSdJ^SYX SWZJL^˳ LY]^ ]J`SXQ]˳ JXM Y^RN\ _^SVSdJ^SYX WN^\SL] VS]^NM YX ^RN
A>8 2JVL_VJ^Y\ ˟JMWS]]SYX]˳ 43 `S]S^]˳ B=5 JMWS]]SYX]˳ OJVV]˳ Y_^ZJ^SNX^ `S]S^]ˠ˰ CRN ]NJ\LR ^N\W] `J\SNM
MNZNXMSXQ YX ^RN ]YLSJV XNNM SX^N\`NX^SYX YO OYL_]˲

� 7Y_]SXQ˲ RYWN]˳ RY_]SXQ˳ RY_]SXQ SX ZVJLN˳ RY_]SXQ OY\ LYWZVNb ZJ^SNX^]˳ RY_]SXQ OY\ NVMN\Vc
ZJ^SNX^]˳ RY_]SXQ OY\ ]NXSY\]˳ RY_]SXQ YVMN\ JM_V^]˳ ZN\WJXNX^ ]_ZZY\^S`N RY_]SXQ˳ WNMSLJV
\N]ZS^N˳ \NL_ZN\J^S`N LJ\N

� 7YWN <YMSŊLJ^SYX]˲ ]NXSY\] JXM RYWN WYMSŊLJ^SYX]˳ Q\JK KJ\]˳ JQSXQ SX ZVJLN˳ SX^N\`NX^SYX] ^Y
Z\N`NX^ OJVV]˳ J]^RWJ JXM RYWN NX`S\YXWNX^JV SX^N\`NX^SYX] ˟JM_V^]ˠ

� =_^\S^SYX˲ OYYM˳ R_XQN\˳ OYYM SX]NL_\S^c˳ WNMSLJVVc ^JSVY\NM WNJV]˳ OYYM Z\N]L\SZ^SYX]˳
X_^\S^SYX SX^N\`NX^SYX]˳ OYYM ZJX^\SN]

� C\JX]ZY\^J^SYX˲ XYXNWN\QNXLc WNMSLJV ^\JX]ZY\^J^SYX˳ XYXWNMSLJV ^\JX]ZY\^J^SYX˳
^\JX]ZY\^J^SYX SX^N\`NX^SYX]˳ \SMN]RJ\N˳ DKN\˳ ;cO^˳ `JX ]N\`SLN]˳ LJ\ ]N\`SLN

� 2J\N <JXJQNWNX^˲ LY]^ JXJVc]S] LJ\N WJXJQNWNX^ OY\ ]NXSY\]˳ LJ\N WJXJQNWNX^˳ ]YLSJV
]_ZZY\^ SX^N\`NX^SYX]˳ ]YLSJV XNNM]̾]YLSJV \S]U] JXM ]L\NNXSXQ̾\NON\\JV̾XJ`SQJ^SYX

� 2Y_X]NVSXQ˲ WNMSLJV̓VNQJV ZJ\^XN\]RSZ]˳ ŊXJXLSJV LY_X]NVSXQ

� BYLSJV 8]YVJ^SYX JXM ;YXNVSXN]]˲FN JMMNM ^RS] LJ^NQY\c OY\ ^RS] _ZMJ^N JXM LYXM_L^NM J XNa
]NJ\LR _]SXQ ^RN]N ^N\W]˰

	˰ 8MNX^SŊNM JXM ]NJ\LRNM UNc MJ^JKJ]N] JXM ]NJ\LR NXQSXN]˰ 0\^SLVN] JXM ]^_MSN] aN\N SMNX^SŊNM
^R\Y_QR ]NJ\LR NXQSXN] JXM L_\J^NM MJ^JKJ]N]˰ CRN]N Z\SWJ\SVc SXLV_MNM 6YYQVN BLRYVJ\˳ ?_K<NM˳ JXM
^RN 4`SMNXLN ˖ AN]Y_\LN ;SK\J\c˳ WJSX^JSXNM Kc ^RN BYLSJV 8X^N\`NX^SYX] AN]NJ\LR ˖ 4`JV_J^SYX =N^aY\U
˟B8A4=ˠ˰ CRN VJ^^N\ S] J \NZY]S^Y\c YO VS^N\J^_\N YX RNJV^R̐LJ\N̐KJ]NM SX^N\`NX^SYX] ^Y JMM\N]] ]YLSJV \S]U]
aS^R ŊV^N\] OY\ UNc ^YZSL]˰ BNJ\LR ^N\W] aN\N ]NVNL^NM \NVN`JX^ ^Y ^RN YKTNL^S`N YO ^RN Q_SMN˳ SXLV_MSXQ
OYYM̾R_XQN\˳ NWZVYcWNX^˳ RY_]SXQ [_JVS^c˳ RY_]SXQ ]^JKSVS^c˳ VNQJV ]N\`SLN]˳ ]YLSJV ]_ZZY\^˳
^\JX]ZY\^J^SYX˳ <NMSLJ\N̐SX]_\NM˳ LYWZVNb ZJ^SNX^]˳ _^SVSdJ^SYX˳ JXM LY]^˰

CRN 	�		 _ZMJ^N JV]Y \NVSNM YX ^RN 4`SMNXLN <JZ YX BYLSJV =NNM] 8X^N\`NX^SYX] ^Y 8WZ\Y`N 7NJV^R
>_^LYWN]˳ Z_KVS]RNM Kc ^RN ?J^SNX^̐2NX^N\NM >_^LYWN] AN]NJ\LR 8X]^S^_^N ˟?2>A8ˠ˰ CRS] S] J LYVVNL^SYX
YO ��� ]^_MSN] SMNX^SŊNM ^R\Y_QR J ]c]^NWJ^SL ]LYZSXQ \N`SNa YO \N]NJ\LR YX ]YLSJV XNNM] SX^N\`NX^SYX]˰
B^_MSN] aN\N Nb^\JL^NM O\YW ^RN MJ^JKJ]N \NVN`JX^ ^Y ^RS] Q_SMN ̖ ^RY]N ^RJ^ \NZY\^NM YX RNJV^R LJ\N
_^SVSdJ^SYX JXM LY]^ OY\ JM_V^] aS^R LYWZVNb RNJV^R JXM ]YLSJV XNNM]˰

https://sirenetwork.ucsf.edu/tools/evidence-library
https://www.pcori.org/impact/evidence-synthesis-reports-and-interactive-visualizations/evidence-maps-and-visualizations/social-needs-interventions-improve-health-outcomes
https://www.pcori.org/impact/evidence-synthesis-reports-and-interactive-visualizations/evidence-maps-and-visualizations/social-needs-interventions-improve-health-outcomes



˰ 6J^RN\NM JMMS^SYXJV VS^N\J^_\N˰ 0 ]XYaKJVV JZZ\YJLR aJ] _]NM ^Y LJZ^_\N Y^RN\ \NVN`JX^ ]^_MSN] O\YW
]c]^NWJ^SL \N`SNa] JXM ^RN \NON\NXLN] YO SXLV_MNM J\^SLVN]˰ 0M`SLN JXM Q_SMJXLN aN\N YK^JSXNM O\YW
]_KTNL^ WJ^^N\ NbZN\^] aS^RSX ^RN 2YWWYXaNJV^R 5_XM JXM Nb^N\XJV LYVVNJQ_N] aY\USXQ SX ^RN J\NJ YO
]YLSJV ]N\`SLN] JXM RNJV^R LJ\N˰ CRN]N ]_KTNL^ WJ^^N\ NbZN\^] ]RJ\NM J\^SLVN] JXM VS^N\J^_\N ^RJ^ aN\N
^RNX SXLV_MNM SX ^RN Q_SMN˰

�˰ 3N`NVYZNM SXLV_]SYX JXM NbLV_]SYX L\S^N\SJ˰ BN`N\JV SXLV_]SYX JXM NbLV_]SYX L\S^N\SJ aN\N
MN`NVYZNM ^Y NX]_\N ^RN Q_SMN SXLV_MNM ]^_MSN] ^RJ^ aN\N \NVN`JX^ ^Y ^RN A>8 2JVL_VJ^Y\˰

̛ 8XLV_]SYX L\S^N\SJ˲

̖ 8X^N\`NX^SYX˲ B^_Mc RJM ^Y KN YO JX SX^N\`NX^SYX \NVJ^NM ^Y YXN YO ^RN ]YLSJV XNNM
SX^N\`NX^SYX] MN]L\SKNM SX CJKVN �˰

̖ ?YZ_VJ^SYX˲ B^_Mc ^J\QN^NM JM_V^] aS^R LYWZVNb RNJV^R JXM ]YLSJV XNNM]˳ ]_LR J] ^RY]N
aS^R W_V^SZVN LR\YXSL LYXMS^SYX] JXM̾Y\ O_XL^SYXJV VSWS^J^SYX]˳ ^RN O\JSV NVMN\Vc˳ JXM ^RY]N
aRY WJMN ˟Y\ aN\N J^ \S]U YO WJUSXQˠ O\N[_NX^ _]N YO RNJV^R LJ\N ]N\`SLN] JXM̾Y\ aRY
SXL_\\NM ˟Y\ aN\N J^ \S]U YO SXL_\\SXQˠ RSQR RNJV^R LJ\N LY]^]˰

̖ AN]_V^]˲ B^_Mc \NZY\^NM ŊXMSXQ] OY\ YXN Y\ WY\N YO ^RN OYVVYaSXQ Y_^LYWN]˲ \N^_\X YX
SX`N]^WNX^ Y\ KNXNŊ^̐^Y̐LY]^ \J^SY˳ RNJV^R LJ\N LY]^] Y\ ]ZNXMSXQ˳ Y\ RNJV^R LJ\N _^SVSdJ^SYX
ZJ^^N\X] ˟43 `S]S^]˳ RY]ZS^JV JMWS]]SYX]˳ RY]ZS^JV \NJMWS]]SYX]˳ RY]ZS^JV VNXQ^R YO ]^Jc˳
RY]ZS^JV MJc]˳ B=5 JMWS]]SYX]˳ B=5 VNXQ^R YO ]^Jc˳ Y\ Y_^ZJ^SNX^ `S]S^]ˠ˰

̖ HNJ\˲ 5Y\ ^RN 	�		 _ZMJ^N˳ aN OYL_]NM YX ]^_MSN] Z_KVS]RNM ]SXLN Y_\ Ŋ\]^ \N`SNa
˟9JX_J\c 	���̓<J\LR 	�		ˠ Y\ ^RJ^ aN\N XY^ SXLV_MNM SX ^RN Ŋ\]^ \NZY\^˰

̛ 4bLV_]SYX L\S^N\SJ˲

̖ 8X^N\XJ^SYXJV˲ ]^_MSN] ^RJ^ OYL_]NM YX SX^N\XJ^SYXJV SX^N\`NX^SYX] Y\ ^RJ^ aN\N
Z_KVS]RNM SX J VJXQ_JQN Y^RN\ ^RJX 4XQVS]R˰

̖ 4`SMNXLN˲ ]^_MSN] ^RJ^ MSM XY^ SXLV_MN UNc ZSNLN] YO SXOY\WJ^SYX SX J OY\WJ^ ^RJ^ LY_VM KN
_]NM SX ^RN LJVL_VJ^Y\˰

̖ HNJ\˲ JVV ]^_MSN] Z_KVS]RNM KNOY\N 	���˰

�˰ 0K]^\JL^NM JXM Z\SY\S^SdNM \NVN`JX^ VS^N\J^_\N˰ 0K]^\JL^] aN\N \N`SNaNM OY\ \NVN`JXLc _]SXQ ^RN JKY`N
L\S^N\SJ˰ CRN OYVVYaSXQ SXOY\WJ^SYX aJ] SXLV_MNM SX ^RN ^JKVN]˲ ^J\QN^ ZYZ_VJ^SYX˳ SX^N\`NX^SYX ]_WWJ\c˳
^cZN JXM ]^\NXQ^R YO N`SMNXLN ˟MNŊXNM KNVYaˠ˳ LY]^ YO SX^N\`NX^SYX˳ JXM SWZJL^] YX RNJV^R LJ\N
_^SVSdJ^SYX JXM ^Y^JV LY]^ YO LJ\N \NVN`JX^ ^Y ^RN SXZ_^] YO ^RN A>8 2JVL_VJ^Y\˰ A>8 JXM KNXNŊ^̐^Y̐LY]^
\J^SY] aN\N SMNX^SŊNM aRNX ^RS] SXOY\WJ^SYX aJ] \NZY\^NM SX ^RN VS^N\J^_\N˰ CRN VJ^^N\ S] LJVL_VJ^NM J]
KNXNŊ^ ͈ LY]^˳ aRSVN A>8 S] LJVL_VJ^NM J] ˟KNXNŊ^ ͆ LY]^ˠ ͈ LY]^˰

5Y\ ^RS] _ZMJ^N˳ MNŊXS^SYX] YO ]^\NXQ^R YO N`SMNXLN aN\N ]SWZVSŊNM JXM \N̐JZZVSNM ^Y NbS]^SXQ ]^_MSN] J]
SXMSLJ^NM KNVYa˰ CRN NňNL^ YO ^RS] \N`S]SYX S] ^RJ^ � ]^_MSN] LVJ]]SŊNM ̀]^\YXQ́ SX ^RN Ŋ\]^ NMS^SYX J\N
VJKNVNM ̀WYMN\J^Ń SX ^RS] _ZMJ^N˰

̛ B^\YXQ˲ \JXMYWSdNM LYX^\YVVNM ^\SJV]

̛ <YMN\J^N˲ XYX\JXMYWSdNM ^\SJV] JXM YK]N\`J^SYXJV ]^_MSN] aS^R LYWZJ\S]YX Q\Y_Z]

̛ ?\YWS]SXQ˲ KNOY\N̐JXM̐JO^N\ ˟Z\N̾ZY]^ˠ JXM MN]L\SZ^S`N ]^_MSN] aS^RY_^ LYWZJ\S]YX Q\Y_Z]˰

DXVN]] Y^RN\aS]N SXMSLJ^NM˳ \N]_V^] MN]L\SKNM SX ^RN Q_SMN aN\N ]^J^S]^SLJVVc ]SQXSŊLJX^ aRNX
]SQXSŊLJXLN aJ] WNJ]_\NM˰ ˟B^J^S]^SLJV ]SQXSŊLJXLN aJ] XY^ \NZY\^NM OY\ �� ]^_MSN]˳ Z\SWJ\SVc ^RY]N
Z_KVS]RNM SX ^RN Q\Jc VS^N\J^_\N˰ˠ




˰ B_WWJ\SdNM ^RN N`SMNXLN OY\ NJLR ]YLSJV XNNM MYWJSX˰ 5SXMSXQ] aN\N LYWZSVNM SX 4bLNV ^JKVN] JXM
]^J^S]^SLJV O_XL^SYX] aN\N _]NM ^Y LRJ\JL^N\SdN ^RN \JXQN YO \N]_V^] JXM WNMSJX `JV_N]˰ ANVJ^S`N LRJXQN]
SX _^SVSdJ^SYX Y\ ^Y^JV LY]^ YO LJ\N aN\N LJVL_VJ^NM OY\ ]^_MSN] ^RJ^ MSM XY^ \NZY\^ ^RNW˰ 5Y\ LYX^\YVVNM
]^_MSN]˳ \NVJ^S`N LRJXQN aJ] LJVL_VJ^NM Kc ]_K^\JL^SXQ ^RN SX^N\`NX^SYX Q\Y_Z `JV_N O\YW ^RN LYX^\YV
Q\Y_Z `JV_N JXM MS`SMSXQ ^RN MSňN\NXLN Kc ^RN LYX^\YV Q\Y_Z `JV_N˰ 5Y\ MSňN\NXLN̐SX̐MSňN\NXLN]
JXJVc]N] ^RJ^ MSM XY^ \NZY\^ \NVJ^S`N LRJXQN˳ J ZN\LNX^JQN LRJXQN aJ] LJVL_VJ^NM OYVVYaSXQ ^RN ]JWN
WN^RYMYVYQc OY\ LJVL_VJ^SXQ J MSňN\NXLN SX MSňN\NXLN˰

2YWWYXaNJV^R 5_XM ]^Jň JXM Nb^N\XJV LYVVNJQ_N] \N`SNaNM ^RN LYWZVN^NM ]_WWJ\c ^JKVN JXM Z\Y`SMNM
ONNMKJLU˰ CJKVN 	 ]_WWJ\SdN] ^RN X_WKN\ YO ]^_MSN] ^RJ^ J\N SXLV_MNM SX ^RS] _ZMJ^N˰ B^_MSN] aN\N M\YZZNM
Z\SWJ\SVc KJ]NM YX \NVN`JXLN ^Y ^RN LJVL_VJ^Y\ JXM YX ]^\NXQ^R YO N`SMNXLN aRNX J ]^\YXQN\ ]^_Mc YňN\NM WY\N
\NVSJKVN \N]_V^]˰ >`N\JVV˳ ^RN N`SMNXLN SXLV_MNM SX ^RN Q_SMN Z\Y`SMNM WY\N SXOY\WJ^SYX YX RNJV^R LJ\N _^SVSdJ^SYX
SWZJL^ JXM VN]] SXOY\WJ^SYX YX ]YLSJV ]N\`SLN LY]^ ˟XY^ SXLV_MNM SX JVWY]^ RJVO YO ^RN ]^_MSN]ˠ˰

CJKVN 	˰ ;S^N\J^_\N AN`SNa˲ =_WKN\ YO B^_MSN] 8XLV_MNM

BYLSJV =NNM 8X^N\`NX^SYX CY^JV
=_WKN\ YO
B^_MSN]

=_WKN\ YO
=Na

B^_MSN]˫

=_WKN\ YO
B^\YXQ
B^_MSN]

=_WKN\ YO
<YMN\J^N
B^_MSN]

=_WKN\ YO
?\YWS]SXQ
B^_MSN]
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=_^\S^SYX �	 	 � � �

C\JX]ZY\^J^SYX �� 	 � 
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