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5IF 4VDDFTTGVM 6TF PG -FGU�TJEFE 4UFMMBUF (BOHMJPO #MPDL JO
1BUJFOUT 5IBU 'BJM UP 3FTQPOE UP 3JHIU�TJEFE 4UFMMBUF (BOHMJPO

#MPDL GPS UIF 5SFBUNFOU PG 1PTU�USBVNBUJD 4USFTT %JTPSEFS
4ZNQUPNT� " 3FUSPTQFDUJWF "OBMZTJT PG ��� 1BUJFOUT

%S� 4FBO 8� .VMWBOFZ
 .%� %S� +BNFT )� -ZODI
 .%B� ,BNJTIB &� $VSUJT
 .4� 5BNBSB 4� *CSBIJN
 .4

"#453"$5
*OUSPEVDUJPO�
6MUSBTPVOE�HVJEFE TUFMMBUF HBOHMJPO CMPDL 	4(#
 JT BO JOKFDUJPO PG MPDBM BOFTUIFUJD 	�N- PG ���� SPQJWBDBJOF
 JO UIF OFDL
UP UFNQPSBSJMZ CMPDL UIF DFSWJDBM TZNQBUIFUJD USVOL XIJDI DPOUSPMT UIF CPEZ�T àHIU�PS�áJHIU SFTQPOTF� 5IJT PVUQBUJFOU
QSPDFEVSF UBLFT MFTT UIBO UIJSUZ NJOVUFT BOE JT JNNFEJBUFMZ FGGFDUJWF� 0VS HPBM XBT UP EFUFSNJOF JG B MFGU�TJEFE TUFMMBUF
HBOHMJPO CMPDL JT FGGFDUJWF GPS USFBUJOH QPTUUSBVNBUJD TUSFTT EJTPSEFS 	154%
 TZNQUPNT� 8IJMF SJHIU�TJEFE 4(# IBT CFFO
FYUFOTJWFMZ TUVEJFE
 MFGU�TJEFE 4(# IBT OPU CFFO GPSNBMMZ FWBMVBUFE GPS UIJT JOEJDBUJPO�

.BUFSJBMT BOE .FUIPET�
0VS IZQPUIFTJT XBT UIBU QBUJFOUT XIP GBJM UP JNQSPWF GPMMPXJOH B SJHIU�TJEFE 4(#XJMM SFQPSU TJHOJàDBOU JNQSPWFNFOU GPM�
MPXJOH B MFGU�TJEFE 4(#� " SFUSPTQFDUJWF DIBSU SFWJFXXBT DPOEVDUFE GPS QBUJFOUT XIP SFDFJWFE 4(# GPS 154% TZNQUPNT
CFUXFFO "VHVTU ���� BOE .BSDI ����� "MM QSPDFEVSFT XFSF QFSGPSNFE BU BO FTUBCMJTIFE NVTDVMPTLFMFUBM QSBDUJDF CZ UIF
TBNF BOFTUIFTJB�QBJO GFMMPXTIJQ�USBJOFE QIZTJDJBO� 4VCKFDUT JODMVEFE UIPTF XIP VOEFSXFOU B MFGU�TJEFE 4(# 	-4(#

POMZ BGUFS OPO�SFTQPOTF UP B SJHIU�TJEFE 4(# 	34(#
� /PO�SFTQPOTF XBT EFàOFE BT MFTT UIBO �� QPJOUT PG JNQSPWFNFOU
PO B 154% $IFDLMJTU 	1$-��
�

3FTVMUT�
0VU PG ��� QBUJFOUT
 �� EJE OPU SFTQPOE UP BO 34(# BOE XFSF JODMVEFE JO PVS BOBMZTJT� 5FO PG UIFTF QBUJFOUT TVCTFRVFOUMZ
SFDFJWFE BO -4(#
 BOE ��� SFTQPOEFE GBWPSBCMZ 	1$-�� NFBO JNQSPWFNFOU = ���� QPJOUT
�

$PODMVTJPOT�
#BTFE PO PVS TBNQMF PG ��� QBUJFOUT SFDFJWJOH 4(# GPS 154%
 XF DPODMVEFE UIBU BU MFBTU ���� EJE OPU SFTQPOE UP B
SJHIU�TJEFE 4(# CVU EJE IBWF B TJHOJàDBOU SFTQPOTF UP B MFGU�TJEFE 4(#�

*/530%6$5*0/

#BDLHSPVOE
1PTU�USBVNBUJD TUSFTT EJTPSEFS 	154%
 JT EFàOFE CZ UIF %JBH�
OPTUJD BOE 4UBUJTUJDBM .BOVBM PG.FOUBM %JTPSEFST 	%4.��
 BT
B QBUIPMPHJD USBVNB BOE TUSFTTPS EJTPSEFS UIBU PDDVST GPMMPX�
JOH FYQPTVSF UP TFWFSF USBVNB�� -FCPWJU[ FU BM� àSTU EFTDSJCFE
UIF VTF PG TUFMMBUF HBOHMJPO CMPDL 	4(#
 UP USFBU 154% JO
������ 5IJT QSPDFEVSF IBT FNFSHFE XJUIJO UIF QBTU �� ZFBST BT
B TVDDFTTGVM NPEBMJUZ UP USFBU QPTU�USBVNBUJD TUSFTT TZNQUPNT
QSJNBSJMZ UISPVHI UBSHFUJOH EZTGVODUJPO PG UIF BVUPOPNJD OFS�
WPVT TZTUFN�� 5IF SJHIU�TJEFE 4(# 	34(#
 QSPDFEVSF IBT
CFFO FWBMVBUFE BOE TVQQPSUFE JO NBOZ QFFS�SFWJFXFE QVC�
MJDBUJPOT
 JODMVEJOH B MFWFM POF SBOEPNJ[FE DMJOJDBM USJBM JO

6OJGPSNFE 4FSWJDFT 6OJWFSTJUZ PG UIF )FBMUI 4DJFODFT
 .JMJUBSZ BOE
&NFSHFODZ .FEJDJOF
 #FUIFTEB
 .% �����
 64"

5IF PQJOJPOT BOE BTTFSUJPOT FYQSFTTFE IFSFJO BSF UIPTF PG UIF BVUIPST BOE
EP OPU OFDFTTBSJMZ SFáFDU UIF PGàDJBM QPMJDZ PS QPTJUJPO PG UIF 6OJUFE 4UBUFT
"SNZ
 UIF %FQBSUNFOU PG %FGFOTF
 PS UIF 64 (PWFSONFOU�

EPJ���������NJMNFE�VTBC���
1VCMJTIFE CZ 0YGPSE 6OJWFSTJUZ 1SFTT PO CFIBMG PG UIF "TTPDJBUJPO PG

.JMJUBSZ 4VSHFPOT PG UIF 6OJUFE 4UBUFT ����� 5IJT XPSL JT XSJUUFO CZ 	B
 64
(PWFSONFOU FNQMPZFF	T
 BOE JT JO UIF QVCMJD EPNBJO JO UIF 64�

���� TVQQPSUJOH UIJT NPEBMJUZ�T TBGFUZ BOE FGGFDUJWFOFTT JO UIF
TVDDFTTGVM USFBUNFOU PG 154%��m�

4UFMMBUF HBOHMJPO CMPDL GPS 154% IBT CFFO USBEJUJPOBMMZ
QFSGPSNFE PO UIF SJHIU TJEF BU UIF TJYUI DFSWJDBM WFSUFCSB
	$�
 MFWFM CBTFE PO PVS VOEFSTUBOEJOH PG UIF FTTFOUJBM SPMF
PG UIF SJHIU IFNJTQIFSF JO UIF IVNBO TUSFTT SFTQPOTF�� 0VS
UFDIOJRVFT IBWF CFFO QFS TUBOEBSE QSPUPDPMT BOE JO BDDPS�
EBODF XJUI QVCMJTIFE USFBUNFOU HVJEFMJOFT�� 4UFMMBUF HBOHMJPO
CMPDL FGGFDUT BSF JNNFEJBUF BOE QSPGPVOE
 XJUI VQ UP ��� PG
QBUJFOUT SFQPSUJOH B ��� SFEVDUJPO JO TZNQUPNT�� 5IF EVSB�
UJPO PG 4(# FGGFDUT JT WBSJBCMF EFQFOEJOH PO UIF QBUJFOU�T
DVSSFOU TJUVBUJPO
 UZQF BOE TFWFSJUZ PG JODJUJOH USBVNB
 DPN�
QMJBODF XJUI QTZDIPUIFSBQZ
 BOE JOEJWJEVBM SFTJMJFODF GBDUPST�
*O PVS FYQFSJFODF
 UIF CFOFàUT GSPN 4(# MBTU GPS BU MFBTU
��� NPOUIT� *O PVS QSBDUJDF
 ��� PG QBUJFOUT IBWF B MFTT SPCVTU
SFTQPOTF UP 4(# EFTQJUF TFFJOH TPNF JNQSPWFNFOUT JO UIFJS
TZNQUPNT�

0CKFDUJWFT
8FQPTUVMBUFE UIBU B MFGU�TJEFE 4(# 	-4(#
NBZ CF CFOFàDJBM
GPS TPNF QBUJFOUT EVF UP TJEF�UP�TJEF WBSJBUJPOT JO GVODUJPOBM
OFVSPBOBUPNZ� )BWJOH TFBSDIFE POMJOF NFEJDBM EBUBCBTFT GPS
TUVEJFT PG -4(# JO UIF USFBUNFOU PG 154%
 XF CFMJFWF UIJT

.*-*5"3: .&%*$*/&
 7PM� ��
 .POUI�.POUI ���� �

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ilm
ed/advance-article/doi/10.1093/m

ilm
ed/usab056/6134550 by guest on 16 February 2021



-FGU�TJEFE 4UFMMBUF (BOHMJPO #MPDL 5SFBUT 154%

JT UIF àSTU EFTDSJQUJPO PG UIJT BMUFSOBUJWF UFDIOJRVF GPS TUFMMBUF
HBOHMJPO CMPDL JO UIF USFBUNFOU PG QPTU�USBVNBUJD TUSFTT TZNQ�
UPNT GPS JOEJWJEVBMT XIP GBJM UP SFTQPOE BT BOUJDJQBUFE UP BO
34(#�

."5&3*"-4 "/% .&5)0%4

4UVEZ %FTJHO
#FUXFFO "VHVTU ���� BOE .BSDI ����
 PVS QSBDUJDF NPEJ�
àFE JUT USFBUNFOU BMHPSJUIN UP JODMVEF PGGFSJOH BO -4(# POMZ
BGUFS QBUJFOUT àSTU GBJMFE UP JNQSPWF BT BOUJDJQBUFE GPMMPX�
JOH BO 34(# 	34(#
� /POSFTQPOTF XBT EFàOFE JO QBUJFOUT
XIP IBE PCWJPVT )PSOFS�T TZOESPNF àOEJOHT CVU GBJMFE UP
JNQSPWF BU MFBTU �� QPJOUT PO B 154% $IFDLMJTU 7FSTJPO �
	1$-��
��� 5IF 1$-�� JT B ���JUFN TFMG�SFQPSUFE RVFTUJPO�
OBJSF EFTJHOFE UP BTTFTT 154% TZNQUPNBUPMPHZ JODMVEJOH
TZNQUPNT PG SF�FYQFSJFODJOH
 BWPJEBODF
 BOE IZQFSBSPVTBM�
5IF 1$- IBT EFNPOTUSBUFE FYDFMMFOU SFMJBCJMJUZ BOE WBMJEJUZ JO
QSJNBSZ DBSF TFUUJOHT��� /POSFTQPOEFST UP 34(#XFSF PGGFSFE
UIF PQUJPO UP VOEFSHP UIF TBNF VMUSBTPVOE�HVJEFE QSPDFEVSF
PO UIF MFGU TJEF� IPXFWFS
 BMNPTU IBMG PG UIF QBUJFOUT XFSF
VOBCMF UP BDDFQU UIJT CFDBVTF PG àOBODJBM PS UJNF DPOTUSBJOUT�
%VF UP UIF SJTL PG TFSJPVT BJSXBZ DPNQSPNJTF XJUI JOBEWFSUFOU
CJMBUFSBM CMPDLBEF PG UIF SFDVSSFOU MBSZOHFBM OFSWFT
 UIF -4(#
XBT QFSGPSNFE BU MFBTU �� IPVST BGUFS UIF 34(# UP BMMPX BEF�
RVBUF UJNF GPS BOFTUIFTJB FGGFDUT UP TVCTJEF� "O -4(# JT B
DPNNPOMZ BDDFQUFE MPX�SJTL QSPDFEVSF JO UIF USFBUNFOU PG MFGU
VQQFS MJNC TZNQBUIFUJDBMMZ NFEJBUFE QBJO��� 4FF 'JHVSF � GPS
UIF BOBMZTJT PG USFBUNFOU XJUI BEEJUJPO PG BO -4(#�

*O UIF OPSNBM DPVSTF PG PVS DMJOJDBM QSBDUJDF
 UIF GPMMPX�
JOH EBUB BSF SPVUJOFMZ DPMMFDUFE UP HVJEF USFBUNFOU QMBOT GPS
PVS QBUJFOUT TFFLJOH DBSF GPS 154%� CBTFMJOF 1$-�� TDPSF

��XFFL QPTU�4(# 1$-�� TDPSF
 BOE ��NPOUI QPTU�4(# 1$-�
� TDPSF� 8F SFDFJWFE *OTUJUVUJPOBM 3FWJFX #PBSE BQQSPWBM
	�*3$.���������
 UP EF�JEFOUJGZ UIFTF TZNQUPN DIFDLMJTUT
BOE DPNQBSF UIF 1$-�� TDPSFT BU FBDI UJNF QFSJPE� 5IF QSJ�
NBSZ FOE QPJOU GPS UIJT BOBMZTJT XBT UIF BWFSBHF JNQSPWFNFOU
JO 1$-�� TDPSFT GSPN CBTFMJOF UP � XFFL QPTU�QSPDFEVSF�

4FUUJOH
"MM QSPDFEVSFT XFSF QFSGPSNFE BU BO FTUBCMJTIFE NVTDV�
MPTLFMFUBM QSBDUJDF CZ UIF TBNF BOFTUIFTJB�QBJO GFMMPXTIJQ�
USBJOFE QIZTJDJBO 	4�8�.�
 XIP IBT QFSGPSNFE PWFS �
���
VMUSBTPVOE�HVJEFE 4(#T�

1BSUJDJQBOUT
5IF QPQVMBUJPO TFMFDUFE GPS USFBUNFOU JO UIJT QSJWBUF QSBD�
UJDF DMJOJD XFSF EJWFSTF JO EFNPHSBQIJDT BOE UZQF PG USBVNB
	4FF 5BCMF *
� 0OMZ QBUJFOUT XJUI CBTFMJOF 1$-�� TDPSFT ≥��
	SBOHF �����
 NPEFSBUF UP TFWFSF 154%
 XFSF TFMFDUFE GPS
BOBMZTJT TJODF UIJT SBOHF PG TDPSFT JT NPSF MJLFMZ DPOTJTUFOU
XJUI B EJBHOPTJT PG 154%���

'*(63& ��"OBMZTJT PG USFBUNFOU XJUI BEEJUJPO PG MFGU�TJEFE TUFMMBUF HBOHMJPO
CMPDL�

5"#-& *� 1BUJFOU %FNPHSBQIJDT BOE $IBSBDUFSJTUJDT

%FNPHSBQIJDT

"WFSBHF BHF <3BOHF> �� ZFBST PME <����� ZFBST>
$BUFHPSZ /VNCFS 	�

3BDF�&UIOJDJUZ
8IJUF�/PO�)JTQBOJD � 	��

#MBDL�"GSJDBO "NFSJDBO � 	�

"NFSJDBO *OEJBO�"MBTLBO /BUJWF � 	��

)JTQBOJD � 	��

6OLOPXO � 	��


4FY
'FNBMF � 	��

.BMF � 	��


5SBVNB UZQF
.JMJUBSZ�$PNCBU�SFMBUFE � 	��

'JSTU SFTQPOEFS 	&.4
 'JSFàHIUFS
 1PMJDF
 � 	��

$IJMEIPPE USBVNB � 	��

.PUPS WFIJDMF BDDJEFOU � 	��

5SBVNB OPU TQFDJàFE � 	��


4NPLJOH TUBUVT
4NPLFS � 	�

/POTNPLFS �� 	���
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-FGU�TJEFE 4UFMMBUF (BOHMJPO #MPDL 5SFBUT 154%

4UVEZ 4J[F
8F IZQPUIFTJ[FE UIBU TPNF QFSDFOUBHF PG 34(# OPOSFTQPO�
EFST XPVME IBWF B SPCVTU
 DMJOJDBMMZ TJHOJàDBOU SFTQPOTF UP
BO 4(# PO UIFJS MFGU TJEF� 5P BTTFTT UIJT IZQPUIFTJT
 UXP
TFUT PG EBUB XFSF DSFBUFE GPS FBDI QBUJFOU� 1$-�� TDPSF
� XFFL BGUFS BO 34(# BOE 1$-�� TDPSF � XFFL BGUFS BO
-4(#� 5FO QBUJFOUT QSPWJEFE GPMMPX�VQ EBUB BU � XFFL
GPS CPUI UIFJS 34(# BOE -4(#� 5IFSFGPSF
 GSPN BO JOJ�
UJBM HSPVQ PG ��� QBUJFOUT
 �� NFU DSJUFSJB UP FWBMVBUF PVS
IZQPUIFTJT�

4UBUJTUJDBM .FUIPET
5IF8JMDPYPO TJHOFE�SBOL UFTU XBT VTFE UP BOBMZ[F PVS QBJSFE
EBUB
 BT PVS EBUB XFSF OPU OPSNBMMZ EJTUSJCVUFE�

3&46-54

3JHIU�4JEFE 4UFMMBUF (BOHMJPO #MPDL 	/= ��

0VU PG ��� QBUJFOUT
 ��� SFTQPOEFE UP BO 34(# XIJMF ��
GBJMFE UP SFTQPOE UP BO 34(#� 4JYUZ�FJHIU QBUJFOUT GBJMFE UP
QSPWJEF B 1$-�� TDPSF BU � XFFL BOE XFSF UIFSFGPSF FYDMVEFE
GSPN UIJT BOBMZTJT� 5IF NFBO DIBOHF JO 1$-�� TDPSF GPS UIF
�� 34(# OPOSFTQPOEFST GSPN CBTFMJOF UP � XFFL BGUFS 34(#
XBT ��� 	DPNQBSFE UP ����� JO UIF 34(# SFTQPOEFS HSPVQ
�
5IJT TMJHIU JNQSPWFNFOU JO UIFTF �� QBUJFOUT JT OPU TUBUJTUJDBMMZ
TJHOJàDBOU 	1�WBMVF= ���� ��� $*�−���� m �����
 BOE JT MFTT
UIBO UIF NJOJNBM DMJOJDBMMZ JNQPSUBOU EJGGFSFODF 	.$*%
 GPS
UIJT JOTUSVNFOU���

-FGU�4JEFE 4UFMMBUF (BOHMJPO #MPDL 	/= ��

&MFWFO PG UIF �� 34(# OPOSFTQPOEFST UIFO SFDFJWFE BO
-4(#� 0OF QBUJFOU XBT MPTU UP GPMMPX�VQ� 5IJT HSPVQ�T NFBO
1$-�� TDPSF EFDSFBTFE GSPN ���� BU CBTFMJOF UP ���� BU � XFFL
QPTU�-4(#� 5IJT XBT B NFBO EFDSFBTF PG ���� QPJOUT GPMMPX�
JOH BO -4(#�B WBMVF PWFS UXJDF UIF NBHOJUVEF PG UIF .$*%
	1�WBMVF= ����� ��� $*� ���� m ������ 5BCMF **
�

.FBO $IBOHF JO 34(# 7T� -4(#
$PNQBSJTPO PG UIF NFBO DIBOHFT JO 34(# BOE -4(# BGUFS
� XFFL JOEJDBUFT B TUBUJTUJDBMMZ TJHOJàDBOU EJGGFSFODF JO FGGFDU
GPS UIFTF QBUJFOUT 	1�WBMVF= ���� ��� $*� −����� m−����
�
*O UIFTF �� QBUJFOUT
 UIF 34(# JOUFSWFOUJPO QSPWJEFE NJME
DMJOJDBM JNQSPWFNFOU XIJDI XBT OPU PG TUBUJTUJDBM TJHOJàDBODF

XIJMF UIF -4(# QSPWJEFE SPCVTU DMJOJDBMMZ BOE TUBUJTUJDBMMZ
TJHOJàDBOU JNQSPWFNFOU� 4FF 5BCMF ** GPS B TVNNBSZ PG
SFTVMUT�

%*4$644*0/
5IF QSJODJQBM àOEJOHT JO UIJT TUVEZ TVQQPSU PVS JOUFOU
 XIJDI
XBT UP USJBM B OFX QSPDFEVSF JOUFOEFE GPS VTF JO B MBSHFS
QSPHSBN PG SFTFBSDI� *O UIJT DBTF
 XF IBWF EFNPOTUSBUFE
UIBU GVSUIFS FWBMVBUJPO JT XBSSBOUFE GPS -4(# JO UIF USFBU�
NFOU PG 154% TZNQUPNT� 5IF LFZ SFTVMUT IFSF XIJDI EFàOF
UIF JNQPSUBODF PG UIJT TUVEZ BSF UIBU UIF TNBMM QFSDFOUBHF

5"#-& **� 154% $IFDLMJTU 7FSTJPO � 	1$-��
 4DPSF $IBOHFT
'SPN #BTFMJOF UP � 8FFL JO SJHIU�TJEFE TUFMMBUF HBOHMJPO CMPDL

	4(#
 OPOSFTQPOEFST

#BTFMJOF� � XFFL ∆�� XFFL��

-FGU�4JEFE 4(# 	O= ��
 ���� ���� ����
3JHIU�4JEFE 4(# 	O= ��
 ���� ���� ���

�5IF EJGGFSFODF JO CBTFMJOF NFBO 1$-�� TDPSFT CFGPSF FBDI USFBUNFOU XBT
JOTJHOJàDBOU 	1�WBMVF= ���� ��� $*� −���� UP −�����
�
��5IF EJGGFSFODF JO UIF DIBOHF CFUXFFO UIF UXP USFBUNFOU JOUFSWFOUJPOT JT
���� 	1�WBMVF= ���� ��� $*� −����� UP −����
�

PG USBVNB QBUJFOUT
 XIP IBWF CFFO DPOTJEFSFE iOPOSFTQPO�
EFSTu UP BO 34(#
 NBZ TJNQMZ IBWF BOBUPNJDBM EJGGFSFODFT
UIBU SFRVJSF DPOUSBMBUFSBM JOUFSWFOUJPO� 5IJT QSPWJEFT IPQF
GPS NBOZ 154% QBUJFOUT XIP XPVME PUIFSXJTF BCBOEPO UIJT
USFBUNFOU PQUJPO BGUFS B TJOHMF BUUFNQU�

5IFSF XFSF TFWFSBM MJNJUBUJPOT UP UIJT TUVEZ� 5IF QBUJFOUT
XIP PQUFE UP SFDFJWF BO -4(# BGUFS GBJMJOH UP SFTQPOE UP
BO 34(# SFUVSOFE GPS BO -4(# BU MFBTU �� I QPTU�34(# BT
SFRVJSFE� 5IJT SFRVJSFNFOU MJNJUFE BDDFTT UP USFBUNFOU GPS UIF
QBUJFOUT
 XIP XFSF VOBCMF UP
 PS DIPTF OPU UP
 SFUVSO GPMMPXJOH
UIF 34(#
 XIJDI NBZ JOUSPEVDF TBNQMJOH CJBT� %BUB PO UIF
SFBTPOT GPS XIJDI QBUJFOUT XFSF VOBCMF UP SFUVSO GPS BO -4(#
PS DIPTF UP GPSFHP -4(# USFBUNFOU XFSF OPU EPDVNFOUFE BOE
MJNJU UIJT BOBMZTJT� "EEJUJPOBMMZ
 PVS TNBMM TBNQMF TJ[F
 SFU�
SPTQFDUJWF EFTJHO
 BOE TIPSU�UFSN GPMMPX�VQ NBLF JU EJGàDVMU
UP GPSN HFOFSBMJ[BCMF DPODMVTJPOT� #Z DPNQBSJOH UXP EJGGFS�
FOU QSPDFEVSFT PO UIF TBNF QBUJFOUT
 IPXFWFS
 XF BSF BCMF
UP SFMJBCMZ VUJMJ[F TFMG�SFQPSUFE TZNQUPN TDPSF DPNQBSJTPOT
CFUXFFO BO -4(# BOE BO 34(#� *O BEEJUJPO
 UIF TUVEZ TVG�
GFSFE GSPN B ��� MPTT�UP�GPMMPX�VQ GPMMPXJOH 34(#� 'JOBMMZ

CFDBVTF UIF �� JOEJWJEVBMT JO PVS QSJNBSZ BOBMZTJT SFDFJWFE
CPUI 34(# BOE -4(#
 UIF QPTTJCJMJUZ PG BO BEEJUJWF FGGFDU
NVTU CF UBLFO JOUP BDDPVOU� 4UJMM
 UIF EBUB QSFTFOUFE IFSF
QSPWJEF B WBMVBCMF àSTU MPPL BU B QPUFOUJBM NPEJàDBUJPO PG
TUBOEBSE 34(#
 BT XFMM BT B GPVOEBUJPO GPS GVUVSF SFTFBSDI�

"EWFSTF FWFOUT XFSF SBSF CVU OPU TZTUFNBUJDBMMZ FWBMVBUFE
JO UIJT TUVEZ� 5IFSF XFSF UISFF DBTFT PG UFNQPSBSZ IFBEBDIF
MBTUJOH TFWFSBM IPVST BOE UXP DBTFT PG TFMG�MJNJUFE
 NJME TPSF�
OFTT BU UIF JOKFDUJPO TJUF� "MUIPVHI OPU DPOTJEFSFE BO BEWFSTF
FWFOU JO 4(#
 BCPVU ��� PG QBUJFOUT IBE UFNQPSBSZ IPBSTF�
OFTT PS HMPCVT TFOTBUJPO BTTPDJBUFE GSPN BOFTUIFUJD TQSFBE BOE
JOBEWFSUFOU CMPDL PG UIF SFDVSSFOU MBSZOHFBM OFSWF�

"MUIPVHI UIF JOUFOU PG UIJT QSPDFEVSF JT UP CMPDL UIF DFS�
WJDBM TZNQBUIFUJD DIBJO BOE JUT BTTPDJBUFE HBOHMJB
 XF DBOOPU
SVMF PVU UIBU TPNF DMJOJDBM FGGFDUT NBZ CF EVF UP BOFTUIFUJD
TQSFBE BT XFMM BT BO JOBEWFSUFOU CMPDL PG UIF WBHVT OFSWF�
2VFTUJPOT BMTP SFNBJO TVSSPVOEJOH MBUFSBMJ[BUJPO� 8IZ TPNF
154% QBUJFOUT BQQFBS UP SFTQPOE CFUUFS UP BO -4(# SBUIFS
UIBO BO 34(# JT VODMFBS� 0VS àOEJOHT
 XIJDI EFNPOTUSBUF
TVDDFTT PO UIF MFGU TJEF JO B TNBMM TBNQMF
 DIBMMFOHF FYJTUJOH
EPHNB UIBU 4(# TIPVME CF QFSGPSNFE POMZ PO UIF SJHIU TJEF UP
USFBU QPTU�USBVNBUJD TUSFTT TZNQUPNT� 5IJT BQQSPBDI IBT CFFO

.*-*5"3: .&%*$*/&
 7PM� ��
 .POUI�.POUI ���� �

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ilm
ed/advance-article/doi/10.1093/m

ilm
ed/usab056/6134550 by guest on 16 February 2021



-FGU�TJEFE 4UFMMBUF (BOHMJPO #MPDL 5SFBUT 154%

CBTFE JO QBSU PO QTZDIPOFVSPCJPMPHJDBM NPEFMT UIBU EFQJDU
TZNQBUIFUJD QSFEPNJOBODF 	JODMVEJOH DBSEJPWBTDVMBS SFHV�
MBUJPO
 XJUIJO SJHIU JOTVMBS GVODUJPO
 XIJMF QBSBTZNQBUIFUJD
SFHVMBUJPO IBT CFFO BUUSJCVUFE UP UIF MFGU JOTVMB��� 4FWFSBM
SFDFOU OFVSPJNBHJOH TUVEJFT IBWF BMTP QSPWJEFE GVSUIFS FWJ�
EFODF UIBU TVDI DMFBS MBUFSBMJ[BUJPO NBZ CF NPSF DPNQMFY UIBO
QSFWJPVTMZ UIPVHIU���
�� 5IJT JTTVF DFSUBJOMZ XBSSBOUT GVSUIFS
JOWFTUJHBUJPO�
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FGGFDU PO QPTU�USBVNBUJD TUSFTT TZNQUPNT BOE TIPVME CF DPO�
TJEFSFE BT B WBMVBCMF BEKVODU JO UIF USFBUNFOU PG 154%� #BTFE
PO PVS TBNQMF PG ��� QBUJFOUT SFDFJWJOH 4(# GPS 154% TZNQ�
UPNT BU MFBTU ���� PG UIJT UPUBM TBNQMF EJE OPU SFTQPOE UP BO
34(# CVU EJE IBWF B TJHOJàDBOU SFTQPOTF UP BO -4(#�
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