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+,-./0-12-/0.3/4563./7589-64014/6.0.3/:,46-./0,-;/45<--=603:54/3/>3./>:410.7.:40.3/./-?-17.6-4@0-1A.0B=.556C+,.6014/6.0.3/:,46-<.5573D:1.6-4@47-E03E@47-6-66.3/<.0,4D-DF-13@0,-1-6-417,0-4D03,-5:0,-:410.7.:4/0:54/0,-.13/E>3./>:410.7.:40.3/./-?-17.6-4/9G31:,H6.745470.2.0HI-C>C<,40470.2.0HJ<,-1-.0<.55F-93/-J<,3.0<.55F-93/-<.0,J7360J-K8.:D-/01-K8.1-9L4/94F33=5-0<.0,./@31D40.3/4F380F-/-;063@73/0./8./>03-?-17.6-J,3<0,-H74/:410.7.:40-./-?-17.6-4/9<,-1-0,-H74/:410.7.:40-./-?-17.6-C+,-D-/031-?-17.6-6<.0,0,-H38/>:-163/<.0,9.64F.5.0HC+,-D-/0316<.55F-6089-/06-/1355-9./M55.-9N-450,73816-6I4/H9.67.:5./-J4/HH-415-2-5L400<38/.2-16.0.-6./O-5F381/-JM860145.4IP4+13F-Q/.2-16.0H4/9M860145.4/R40,35.7Q/.2-16.0HLCO-/031641-2358/0--16<,341-6-5-70-9F46-93/1-6.9-/0.4553740.3/4/9<.55,35947811-/0:35.7-4/9<31=./><.0,7,.591-/7,-7=CO-/031641-D407,-9<.0,4H38/>:-163/<.0,9.64F.5.0H@13D0,-64D-53745.0HCM55D-/031673D:5-0-4SE,381@47-E03E@47->138:014././>6-66.3/3/:13>14D73/0-/04/9D30.240.3/4560140->.-673/9870-940-.0,-10,-8/.2-16.0H74D:8631400,-@47.5.0.-63@3/-3@381:410/-131>4/.640.3/6C+,-014././><.55F-9-5.2-1-9FH4D-DF-13@0,-1-6-417,0-4DCO-/031641-:132.9-9<.0,<1.00-/D40-1.4560,40./7589-./@31D40.3/4F3809.64F.5.0HJ4/3805./-3@0,--?-17.6-:13>14D4/9492.7-@31,3<0,-:13>14D6,3859F-9-5.2-1-9CM6D-/0316D4H/30,42-:1-E-?.60./>=/3<5-9>-3@-?-17.6-014././>319.64F.5.0HJ0,-H<.55D4./04./@310/.>,05H73/0470<.0,4D-DF-13@0,-1-6-417,0-4D034991-66.668-60,4041.6-J4/903-/681-0,400,-./0-12-/0.3/.6F-./>7411.-938146:-1:1303735I.C-C0,-0-4DD-DF-1<.557,-7=0,400,-:13>14D73/0./8-603F-9-5.2-1-9477319./>030,-MRBO>8.9-5./-6LC+3D3/.031./0-12-/0.3/;9-5.0HJ:410.7.:4/064/9D-/0316<.559378D-/00,-.1:13>14D6./4/-?-17.6-53>F33=J./7589./>-?-17.6-0H:-4/9936-J492-16--2-/0631D.66-96-66.3/6C+,--?-17.6-53>F33=6<.55F-7355-70-9400,--/93@0,-./0-12-/0.3/4/994044F3800,-:13>14D4/45H6-9FHD-DF-163@0,-1-6-417,0-4DI-C>C/8DF-13@6-66.3/6400-/9-931./0-/6.0H:13>1-66.3/@31-?-17.6-6:-1@31D-9LCM/45H6.63@0,--?-17.6-53>F33=9404<.55,-5:.9-/0.@H4/H.668-6<.0,./0-12-/0.3/;9-5.0H4/90,.6./@31D40.3/<.55F-86-903D4./04./31.D:132-;9-5.0H4068F6-K8-/06.0-6981./>1355E3803@0,-:13>14DCTUVWXYWUVZ[U\[]Ŵ_̀ a-,4F.5.040.3/TUVWXYWUVZ[U\[]Ŵb̀ P.@-60H5-c[defXfV[Xg\[UVX[hVXWfVdWUV +,-6089H9-6.>/.6460-::-9<-9>-73,3109-6.>/<.0,i6.0-64/9j75860-1>138:6C+,.69-6.>/6-K8-/0.455H./013987-60,-./0-12-/0.3/03i>HD6I6.0-6L./14/93D319-1CM@0-14/./.0.45SED3/0,F46-5./-:-1.39<,-//36.0-641--?:36-9I73/0135:,46-LJ40SED3/0,./0-124566.0-641-14/93D.6-90371366@13D73/013503./0-12-/0.3/:,46-8/0.54556.0-6,42-.D:5-D-/0-9A.0B=.556Ck47,>HD6.0-1-:1-6-/06475860-18/.0C+,-01.459-6.>/<.5573D:1.6-@38175860-1>138:6-47,73/04././>0<314/93D5H4553740-975860-18/.06Cl/-75860-1>138:Im6.0-6L<.5573DD-/7-0,-./0-12-/0.3/-2-1HSD3/0,6CMD-DF-13@0,-1-6-417,0-4D<,3.6/30./2352-9./1-718.0D-/0J466-66D-/0319-5.2-1H3@0,-./0-12-/0.3/J<.5514/93D.6-0,-319-13@0,-i6.0-686./><-FEF46-963@0<41-Cc[UVX[hnX[oe M70.2-poV\[dWqrXZdfXs[oV\[dŴ_̀ A-46.F.5.0Ht<.55F-D-4681-9tIuL86./>9404@13D381:410/-131>4/.640.3/603D4:/8DF-163@0,-.173/60.08-/065.2./>7536-03A.0B=.5566.0-64/973D:41./>030,-/8DF-13@-/135D-/06vImL73D:41./>/8DF-163@-/K8.1.-6<.0,-/135D-/06./A.0B=.556vISL9378D-/0./><4.0E5.6064/9D-/031-?:1-66.3/63@./0-1-60vIjL86./>9404@13D-?-17.6-53>F33=69378D-/0./>400-/94/7-4/9./2352-D-/0981./>A.0B=.556J./0-12-/0.3/;9-5.0HI./7589./>-?-17.6-./0-/6.0HLJ4/9492-16--2-/06vIwL>4././>:-16:-70.2-63@H380,<.0,9.64F.5.0HJ0,-.1@4D.5.-64/9D-/0316J4/9>HDD4/4>-D-/04/9604x3/A.0B=.556@13D6-D.E60187081-9./0-12.-<6vy4043/0,--?:-1.-/7-3@H380,<.0,9.64F.5.0H3@0,->HD73/0-?0<.554563F-D-4681-9FH0,-B-5@E1-:310-9k?:-1.-/7-63@M70.2.0HB-00./>64/9O-4681-3@k/2.13/D-/045z845.0.-63@M70.2.0HB-00./>6K8-60.3//4.1-6v4/9I{L1-2.-<./>-47,6.0-|69.64F.5.0H:35.7H4/9:137-981-686./>}40.3/45~/@31D40.3/R3DD8/.740.3/M<41-/-66}-0<31=I}~RM}L>8.9-5./-6C�ZdWe[ZUV̂_̀ IuLO4::./>3@0,-/8DF-163@D-DF-16@13D:410/-131>4/.640.3/65.2./>7536-036.0-6<.5537781:1.31031-718.0D-/0C+,-6-/8DF-16<.55F-4/973D:41-9030,-/8DF-13@-/135D-/06.DD-9.40-5HF-@31-.D:5-D-/040.3/3@0,-./0-12-/0.3/40-47,6.0-CImL+,-/8DF-13@-/K8.1.-6<.55F-73D:41-9<.0,0,-/8DF-163@-/135D-/06./A.0B=.556.DD-9.40-5HF-@31-.D:5-D-/040.3/3@0,-./0-12-/0.3/40-47,6.0-ISL/8DF-163@381<4.0E5.6064/9D-/031-?:1-66.3/63@./0-1-60<.55F-9378D-/0-940SED3/0,./0-124560,138>,3800,-mH-4194047355-70.3/:-1.39IjL9404@13D-?-17.6-53>F33=69378D-/0./>400-/94/7-J49,-1-/7-I./0-12-/0.3/;9-5.0HL981./>A.0B=.556J4/9492-16--2-/06<.55F-4/45H6-9400,--/93@-47,:13>14DCIwL0,-:-16:-70.2-63@H380,<.0,9.64F.5.0HJ0,-.1@4D.5.-64/9D-/0316J4/9>HDD4/4>-D-/04/9604x3/A.0B=.556@13D6-D.E60187081-9./0-12.-<6<.55F-7355-70-9.DD-9.40-5H4@0-10,-./0-12-/0.3/Cz8-60.3//4.1-64F3800,--?:-1.-/7-3@H380,<.0,9.64F.5.0H3@0,->HD73/0-?0<.55F-D-4681-9.DD-9.40-5H4@0-10,-:13>14D4563CI{L41-2.-<3@-47,6.0-|69.64F.5.0H:35.7H4/9:137-981-686./>}40.3/45~/@31D40.3/R3DD8/.740.3/M<41-/-66}-0<31=I}~RM}L>8.9-5./-6<.55F-:-1@31D-9:1.31030,-.D:5-D-/040.3/3@A.0B=.556rXZdfXs[oV\[dŴb̀ �410.7.:40.3/,460<3-66-/0.4573D:3/-/06t400-/94/7-IF-./>0,-1-L4/9./2352-D-/0I-?:-1.-/7-3@:410.7.:40.3/LCM00-/94/7-I0H:-J@1-K8-/7HL<.55F-D-4681-986./>M935-67-/0�,H6.745M70.2.0Ha-7455JM935-67-/0B-9-/041HM70.2.0H4/9u{:,H6.745470.2.0H.0-D6@13DR,.591-/|6M66-66D-/03@�410.7.:40.3/4/9k/�3HD-/0K8-60.3//4.1-6C�ZdWe[ZUV̂b̀ O-4681-9-2-1HSD3/0,6@13D:410.7.:4/0-/135D-/0./0,-01.458/0.573D:5-0.3/3@0,-01.45ImjED3/0,6LCrXZdfXs[oV\[dŴ�̀ ~/2352-D-/0I-?:-1.-/7-3@:410.7.:40.3/L<.55F-D-4681-986./>H380,6-5@E1-:3103@0,-73DD8/.0H
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+,-./0102.3,456./-/75./0151891:/601;,1.<,5+=6,>?3/@86,1518A0=.3BCDEFGHDIJKLM <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFK[M \,5@.3>6,@5.,8]=5@/.N02@/2,02.3,N0=.3̂/.38/+5_/@/.N̂/@@_,;,5+=6,8=+/1̀.3,a>/.,;?3/@8\,5@.3b./@/.N/1+.6=;,1.Bc3/+/+51588/./015@76/;56N0=.-0;,BCDEFGHDIJK[M <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFKdM 9-010;/-515@N+/+P-0;70+/.,0=.-0;,Se.5f/1̀5+0-/,.5@7,6+7,-./:,ê/@@_,-0;7@,.,8Bg5.5.0/1206;.3,,-010;/-515@N+/+̂/@@_,-0@@,-.,8260;756./-/751.+518.3,/625;/@/,+01+0-/0,-010;/-+.5.=+P,;7@0N;,1.e/1-0;,e-56,66,]=/6,;,1.e@,/+=6,Se5..,1851-,P./;,e.65:,@e0=.>02>70-f,.,h7,1+,+S5183,5@.3+,6:/-,=+,/2/1i=6,8P30+7/.5@5..,1851-,e58;/++/01e-01+=@.5./01+e/1:,+./̀5./01+SBg5.5̂/@@_,-0@@,-.,8260;;,1.06+.08,.,6;/1,.3,/6756./-/75./01P./;,e.65:,@e0=.>02>70-f,.,h7,1+,+SB<,1.06./;,/̂@@_,-0+.,85.=1/:,6+/.N65.,+Bj11=5@-0+.02-57/.5@P,]=/7;,1.e+75-,S5..3,+/.,+̂/@@_,-0+.,85--068/1̀.0.3,07706.=1/.N-0+.;,.308Bk,5+015_@,6,1.5@,]=/:5@,1.̂/@@_,=+,8.0-0+.+75-,Bl1-6,;,1.5@-0+.,m,-./:,1,++65./0+Pl?9k+S,h76,++,85+-0+.7,6]=5@/.N58i=+.,8@/2,N,56++5:,8̂/@@_,-5@-=@5.,8-0;756/1̀-0+.+5183,5@.36,@5.,8]=5@/.N02@/2,0=.-0;,+_,.̂,,1n/.of/@@+51810/1.,6:,1./01_5+,8018/m,6,1-,/1-0+.+518.3,3,5@.36,@5.,8]=5@/.N02@/2,=./@/.N/18,h_,.̂,,1.3,76,>51870+.>/1.,6:,1./017,6/08+BCDEFGHDIJKdM 9-010;/-85.5̂/@@_,-0@@,-.,8260;5@@N0=.3̂/.38/+5_/@/.Ne.3,/625;/@/,+518;,1.06+_,206,.3,/1.,6:,1./015182065.@,5+.p;01.3+52.,6.3,/1.,6:,1./01BTFUHIVWXYHZJUHEFKLM 4,6-,7./0102̂,@@_,/1̀ ̂/@@_,;,5+=6,8=+/1̀.3,Qq>/.,;r/2,o5./+25-./01o-5@,BCDEFGHDIJKLM <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFKsM 43N+/-5@5-./:/.N̂/@@_,;,5+=6,85+;/1=.,++7,1.80/1̀;08,65.,/1.,1+/.N5-./:/.N̂/.3515-./:/.N;01/.06Pj-./̀6573Ŝ061206t-01+,-=./:,85N+P01,85N25;/@/56/+5./01SBCDEFGHDIJKsM <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFKuM j../.=8,+.0,h,6-/+,̂/@@_,;,5+=6,8=+/1̀.3,a>/.,;9h,6-/+,v=.-0;,+o-5@,̂3/-35++,++,++,@2>65.,87,6-,/:,8_,1,w.+02,h,6-/+,BCDEFGHDIJKuM <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFKxM y566/,6+.0,h,6-/+,̂/@@_,5++,++,8=+/1̀.3,zt>/.,;9h,6-/+,y566/,6+o-5@,̂3/-3;,5+=6,+7,6-,/:,8;0./:5./015@ef10̂ @,8̀,e5--,++/_/@/.Ne-0̀1/./:,518+0-/5@_566/,6+.0,h,6-/+,2067,07@,̂/.38/+5_/@/.NBCDEFGHDIJKxM <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFK{M 9h,6-/+,+,@2>,|-5-N̂/@@_,;,5+=6,8=+/1̀.3,}>/.,;o,@2>9|-5-N<,5+=6,̂3/-36,706.+,h,6-/+,7,6206;51-,+,@2>,|-5-N7,6.5/1/1̀.0-01w8,1-,/17,6206;/1̀,h,6-/+,BCDEFGHDIJK{M <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFK~M �5@f/1̀-575-/.N̂/@@_,;,5+=6,8=+/1̀.3,+/h>;/1=.,̂5@f.,+.=+/1̀5;08/w,8.,-31/]=,.35.5@@0̂ +-01./1=0=+,1-0=65̀,;,1.BCDEFGHDIJK~M <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFK�M j../.=8,+.08/+5_/@/.N02+.=8,1.;,1.06+̂/@@_,;,5+=6,8=+/1̀.3,}>/.,;g/+-0;206.+-5@,̂3/-3/18/-5.,+6,+7018,1.�+@,:,@028/+-0;206.̂3,1/1.,65-./1̀ ̂/.37,07@,̂/.38/+5_/@/.NBCDEFGHDIJK�M <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFK[�M j../.=8,+.08/+5_/@/.N02+.5m̂06f/1̀5..3,t̀N;+/.,+̂/@@_,;,5+=6,8=+/1̀.3,}>/.,;g/+-0;206.+-5@,̂3/-3/18/-5.,+6,+7018,1.�+@,:,@028/+-0;206.̂3,1/1.,65-./1̀ ̂/.37,07@,̂/.38/+5_/@/.NBCDEFGHDIJK[�M <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SBTFUHIVWXYHZJUHEFK[[M j../.=8,+.08/+5_/@/.N02̀N;75.601+5..3,t+/.,+̂/@@_,;,5+=6,8=+/1̀.3,}>/.,;g/+-0;206.+-5@,3̂/-3/18/-5.,+6,+7018,1.�+@,:,@028/+-0;206.̂3,1/1.,65-./1̀ ̂/.37,07@,̂/.38/+5_/@/.NBCDEFGHDIJK[[M <,5+=6,8,:,6NO;01.3+260;756./-/751.,160@;,1./1.3,.6/5@=1./@-0;7@,./0102.3,.6/5@PQR>;01.3+SB��D�D�D�DJY�FYDIU�Z�DHIUXDJFXDW A0=.3̂/.38/+5_/@/.NP/1-@=8/1̀73N+/-5@e/1.,@@,-.=5@e+,1+06N8/+5_/@/./,+Ŝ/@@_,,@/̀/_@,206/1-@=+/01/1.3,.6/5@/2�PzS.3,N56,zO>OqN,56+ePQS-5120@@0̂ +/;7@,:,6_5@/1+.6=-./01+/191̀@/+3P5+/18/-5.,8_N.3,l18,h02o0-/5@?0;7,.,1-,S518POS56,;,8/-5@@Nw..0.5f,756./153/̀3/1.,1+/.N,h,6-/+,760̀65;5+8,.,6;/1,8_N.3,/66,+701+,+.0.3,j8=@.46,>,h,6-/+,o-6,,1/1̀.00@Bl2.3,/66,+701+,+.0.3/+]=,+./0115/6,/18/-5.,570.,1./5@760_@,;.3,1.3,N̂/@@_,5+f,8.0̀,.5;,8/-5@-@,5651-,-,6./w-5.,.0756./-/75.,260;.3,/6;,8/-5@765-././01,6B�DIDEZEW�F zOA,56+�W�DEZEW�F OqA,56+�FIVFX y0.3;5@,+5182,;5@,+�WI�FW�J�Y�H�ZIJFFX�GWXJDUDGWJF� A,+�FYF�U�Z�DHIUXDJFXDW 456./-/751.+̂/@@_,,h-@=8,8/2.3,N�PzS756./-/75.,8/153/̀3>/1.,1+/.N,h,6-/+,760̀65;̂/.3/1O;01.3+76/06.0.3,.6/5@�PQS35:,515-=.,06-01-=66,1.;,8/-5@-018/./016,18,6/1̀.3,;=1w..0.5f,756.P,B̀B+,:,6,-568/5--018/./01+e+,:,6,0+.,056.36/./+e=1-01.60@@,8,7/@,7+NS�06POS35:,5+/̀1/w-51._,35:/0=65@760_@,;.35.̂0=@8/;75-.01756./-/75./01P,B̀B6,+/+./:,_,35:/0=606+,:,6,8,76,++/0106+,:,6,51h/,.NSB
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Supplementary material BMJ Open

 doi: 10.1136/bmjopen-2020-037153:e037153. 10 2020;BMJ Open, et al. Shields N



��������� ��	
���������������

������������������������������ ������������������ ��!�������"#�$%&'��()*����!���%���� +�'
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