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O primeiro biolégico a inibir a sinalizacao da IL-4 e IL-13

AAsmaé heterogénea

PARA DOENTES (> 12 ANOS) COM ASMA GRAVE E INFLAMACAO DO TIPO 2

EOS e IgE+ §'
Induzida PO ! DUPIXENT»»

O CAMINHO
PARA O CONTROLO
DA ASMA

FeNO ELEVADO

Eosinofilica

DEPENDENTE DE CCT. ORAIS 1

Dupixent é indicado em adultos e adolescentes com idade igual ou superior a 12 anos como tratamento
complementar de manutencdo para asma grave com inflamacdo tipo 2 caraterizada por eosinéfilos elevados no
sangue e/ou FeNO aumentada, que sdo inadequadamente controlados apesar das doses elevadas de corticosteroides
inalados associada a outro medicamento para tratamento de manutencdo.

Referéncias: RCM Dupixent, GINA 2020
EOS - Eosinéfilos; FeNO - Fracao de éxido nitrico exalado;

CCT Orais - Corticosteroides Orais VDUP,XEN T®-

o .
SANOFI GENZYME « REGENERON (dupilumab)

INFORMAGOES ESSENCIAIS COMPATIVELS COM RESUMO DAS CARACTERISTICAS DO MEDICAMENTO

"Wt medicamento estd sujeto a monitorizagéo adiconal.stoird pemitira rdpidaidentificado de nova nformaggo d gurang. Pede-se ao is de satd fiquem quaisquer suspeitas de reacdes adversas. Parasabertomonoﬂﬁ(arreagoesadversas verse(gao48 doRCM completo. Nome do medicamento Dupixent 300 mg solugdo injetével em seringa pré-cheia; Dupivent 300 mg solucdo njetvel
em caneta pré-chei; Dupivent 200 mg solugdo injetavel em seringa pré-cheia; Dupivent 200 mg solugao injetdvel em caneta pré-chea. (omposlgan Qualitativa e Quantitativa Dupivent 300 mg solugao injetdvel em seringa pré-chela ou caneta pré-chea. Cada seringa pré-cheia ou caneta pré-cheia de utilizagdo tnica contém 300 mg de dupilumab em 2 m de soluggo (150 mgml). Dupilumab 200 mg solugdo
njetdvel em seringa pré-cheia ou caneta pré- (hela (ada seringa pré-cheia de utilizagdo dnica contém 200 mg de dupilumab em 1,14 ml de solugdo (175 mg;ml). Dupilumab é ! totalmente h orecetoralfa dainterleucna (L)-4 queinibe a sinalizagao IL-4/1L-13, produzido em células de ovario de hamster chinés (CHO) por tecnologia de ADN recombinante. Lista completa de excipentes,

ver seccdo 6.1. do RCM completo. Forma Farmac@utica Solugao injetével (injetével). Solugdo estéri transpareme aligeiramente opalescente, incolor a amarelo palido, isenta de particulas visiveis, com um pH aproximado de 5,9. Indicages terapéuticas Dupixent 200 mg e 300 mg: Dermatite atGpica Adutos e adolescentes Dupixent € indicado para o tratamento de dermatite atdpica moderada a grave em adultos e
adolescentes com idade igual ou superior a 12 anos que s3o candidatos a terapéutica sistémica. Criangas dos 6 aos 11 anos de idade Dupixent é indicado para o tratamento de dermatite atdpica grave em criangas dos 6 aos 11 anos de idade que séo candidatos a terapéutica istémica. Asma Dupivent € indicado em adultos e adolescentes com idade igual ou supenora 12an0s tomntratamentocomp\ememardemanutengao
para asma grave com mﬂamagaot\poZ(aratemzada por eosindfilos elevados no sangue efou frago exalada de dxido nitico (FeNO) aumentada, verseccdo 5.1 do RCM (ump\eto que sdo inadequadamente controlados apesar das doses elevadas de corticosteroides inalados associados a outro medicamento para tratamento de manutengao. Dup\xemEOO g Rinossinusite (romca com polipose nasal (CRSWHP Dup\xeme
indicad terapia Gides intranasais para o tratamento de adultos com CRSWNP grave, para quem a terapia com corticosterides sistémicos eou cirurgia nao formece controlo adequado da doenca. Posologia e modo de administragao O tratamento deve ser iniciado por profissionais de satide com experiéncia no diagndstico e tratamento de condigdes para os quais o dupilumab

indicado (ver secgdo 4.1 do RCM completo). P Im ermanre atdpica Adultos A dose re(omendada de dupl\umab para doentes adultos é uma dose inicial de 600 mg (duas injegBes de 300 mg), sequida por 300 mg administrados em semanas altemadas sob a forma de injegao subcuténea. Adolescentes (12 aos 17 anos de idade) A dose: retomendada de dupilumab para doentes ado\eswmes dos 12 aos 17anos de
idade esté especificada na Tabela 1. Tabela 1: Dose d paraad dos 12 aos 17 anos de idade com dermatite atdpica. Peso Corporal do Doente menos de60 kg Da&e mma\ 400 mo| (duas g jecgies de ZUO mg). Duses Subsequente& (em semanas alternadas): 200 mg. 60 kg o mais: Dose Inicial: 600 mg (duas injecdes
de 300ma). Doses Subsequentes (em sernanas alternadas): 300 mg. (rmn;as dos6aos 11 s deidadeAd fada de dupilumab p as dos 605 11 anos de dade estd especificada na Tabela 2. Tabela 2: Dose d tite atdpica. Peso Corporal do Doente: de 15kg a menos de
60 kg: Dose Inicial: 300 mg (uma injecdo de 300 mg) no Dia 1, seguida de 300 mg no Dia 15. Doses Subsequentes: 300 mg a (ada Memanas (Q4W) * comegando 4 semanas apds a dose do Dia 15. 60 kg ou mais: Dose Inicial: 600 mg (duas \mezgoex de 300 mg). Doses Subsequentes: 300 mg emsemanis a\temadas (Q2W). *A dose pode ser aumentada para 200 mg Q2W em doentes com peso corparal de 15kg a
menos de 60 kg com base na avaliagao do médico. Dupilumab pode ser utilizado com ou sem corticosteroides tapicos. Poderdo ser utilizados inibidores da calcineurina tdpicos, mas devem ser reservados apenas para as dreas probleméticas, tais como a face, o pescogo e as dreas intertiginosas e genitais. Deve ter-se em considerago a interrupao do tratamento em doentes que ndo tenham apresentado resposta apds 16
semanas de tratamento para a dermatite atdpica. A\quns doentes com resposta parcial nicial podem subsequemememe melhorar com a continuagdo do tratamento além das 16 semanas. Se for necesséria a iterrupgao do tratamento com dupilumab, os doentes poden ser tratados novamente com sucesso. Asma A dose recomendada de dupilumab para adultos e adolescentes (idade igual ou superior a 12 anos) é:« Em
doentes com asma grave e terapética oral osterdides ou doentes com asma grave e dermatite atGpica comdrbida de moderada a grave ou em adultos com risossinusite cronica com polipose nasal comérbida grave, uma dose inicial de 600 g (duas injecgdes de 300 mg), sequida de 300 mg administradas em semanas alternadas sob a forma de injecgao subcuténea « Para todos os outros doentes, uma dose inicial
de 400 mg (duas injecgdes de 200 mg), sequida de 200 mg administradas em semanas altemadas sob a forma de injecgdo subcuténea. Os doentes tratados concomitantemente com corticosterGides orais, podem reduzr a sua dose de esterGides, uma vez que tenha ocorrido uma melhoria clinica com o dup\\umab (ver secgdo 5.1 do RCM completo). A redugdo dos esterdides deve ser realizada gradualmente (ver seccio 44
do R(M completo). Dupilumab destina-se a tratamento de Ionga prazo. Deve ser ums\devadaa necessidade de terapia (onlmuada pelo menos numa base anual, [onfarme determinado pela avahagao médica do nivel de controlo da asma do doente. Dupixent 300 mg : Rinassinusite rdnica com polipose nasal (CRSwAF) A dose recomendada de dupilumab para doentes adultos é uma dose inicial de 300 mg sequida de 300

mg fas em semanas alternadas. 0 dupilumab destina-se a ratamento delongo prazo. Deve ser considerada d nto em doentes que ndo apresentem resg 24semanasdetratamenmparaaERSwNPA\gunsdoentesmm posta pacial inicial podem melhorar posteriorments tinuad ‘mdas243emanasDosee:gueud Casoumadosesmaesquecnda administrar
adoselogo que passiiel. Em sequida, retomaradosagemahoramar(adahab\tua\ Pogu/aguesexgeua/ s Idosos (=65 anos). Naueretumendadoqualquerajustepnw\ugl(oparausdoemeslduws(veue(gaoSZdoR(M(ump\em)/ P nal Nao € necessdrio qualquer ajuste posoldgico nos d mes(ommsuﬁuemarena\w ira ou mod sobre doentes com insuficiéncia
rena\grave(versec(aosZdoRCMcomp\eto) Néo estdo disponiveis dados sobre doent ficiéndia hepética (versecgdo 5.2 do RCM completo). Peso corporal Dupivent 200 mg: Nao 16 rporal em doentes com dadeigual ou superiora 12 dultos com d (versecgaosZdoRCMcomp\eto) Dupivent 300 mg: Nao é reco-

qualquer ajuste posoldgico para o peso corporal em doentes com asma com idade igual ou superior a 12 anos ou em adultos com dermatite atdpica ou CRSWNP (ver secgdo 5.2 do RCM completa). Emdoemssdoﬂmosaos17anosde\dade(umdermameatop\(aadnsexe(omendadaemsemanasahernadasedezo()mg (< 60kg) ou300mg (= 60 kg). Em doentes dos 6 aos 11 anos de idade com dermatite
atpica, as doses recomendadas sao de 300 mg Q4W com a possibilidade de aumentar para 200 mg Q2W (de 15kg 3 < 60kg) e 300 mg Q2W (> 60 kg). Doentes pedictricos Dupixent 300 mg : A sequranga e eficacia de dupilumab em criangas com dermatite atdpic n0s de 6 anas de idade ndo foram estabelecidas. A sequranga e eficécia de dupilumab em criangas com peso corporal < 15 kg ndo foram estabelecidas
(ver secdo 5.2 do RCM completo). Nao existem dados disponiveis. Dupixent 200 mg: A sequranga e eficécia de dupilumab em criangas com dermatite atdpica com menos de 12 anos de idade nao foram estabelecidas. A seguranga e eficicia de dupilumab em criangas com peso corporal < 15 kg ndo foram estabelecidas (ver secgo 5.2). Nao existem dados disponiveis. A sequranga e eficécia de dupilumab em criangas com
asma grave com menos de 12 anos de idade ndo foram estabelecidas (ver seccdo 5.2 do RCM completo). Néo exdstem dados disponiveis. Dupixent 300 mg: a(RSwNPnawoneemman@sAseguran@eeﬁcaaaemmangaxmm(RSwNP(nm \dademfenora183n03nanfmameﬂabe\eudai(verse(@oﬁZduR(M(omp\eIu) Naoesttemdadosd\spnmvews Mododeadm\mmaga 0 Via subcutanea: A caneta pré-cheia de du-
pilumab ndo se destina  ser utlizada em crianas com menos de 12 anos de idade. Para criangas dos 6 aos 11 anos de idade com dermatite atGpica, a seringa pré-cheia de dupilumab € a apresentacdo apropriad lagio. Dupilumab € adh do porinjegdo subcuténea na c bdo dona drea de 5 cm a volta do umbigo. Se for outra pessoa a administrar  injegdo, também

pode ser utilizada a rego superior do brago. Dupixent 200 mg: Para a dose inicial de 400 mg, administrar duas injedes de 200 mg consecutivamente em locais de injecgo diferentes. Dupixent 300 mg: Para a dose mma\ de 600 mg, administrar duas injeges de 300 mg de Dupixent consecutivamente em locais de injegdo d\feremes Recomenda-se que vd altermando o \O(a\ deinjecdo. Dupilumab ndo deve ser injetado em
pele sensivel ao toque, lesionada ou quelenha equwmoses ou c\oamzes Os doentes podem autoinjetar dupilumab ou o prestador de cuidados do doente pode administrar dupilumab, caso 0 seu proﬁsswona\ de salide determmeque tal é apropriado. Deve ser propomonada formagdo adequada aos doentes efou aos prestadores de cuidados sobre a preparagdo e a administragdo de dupilumab antes de utiizar de acordo com a
secqdo Instrugdes de utilizaggo d lidade a substéncia ativa ou a qualquer um dos exdpientes mencionados na secgdo 6.1 do RCM completo. Ef ja rmatite atGpica Adultos com dermatite atGpica Resuimo do perfl de sequranga As reagBes adversas mais frequentes foram reagGes no local de injego, conjuntivite, blefarite € herpes oral. Foram notificados
€@s0s muito aros de reacgdes de doenca do sorofreacgdes do tipo doena do soro o pogana de desenvolvimento da dermatite atdpica (ver seccao 4.4 do RCM completo). Em estudos de monoterapia em adultos, a proporcdo de doentes que descontinuaram o tratamento devido a acontecimentos adversos foi de 1,9% no grupo de placebo, de 1,9% no grupo de dupilumab 300 mg Q2We de 1,5% no grupo de dupilumab
300 mg QW. No estudo com CST concomitantes em adultos, a proporgao de doentes qu o tratamento devido a imentos adversos foi e 7,6% no grupo de placebo + CST, de 1,8% no grupo de dupilumab 300 mg QW+ CST e de 2,9% no grupo de dupilumab 300 mg QW <+ CST. Lita tabelada de reacdes adversas A sequranga de dupilumab foi avaliada em quatro estudos aleatorizados, com dupla
ocultagdo, controlados por placebo e num estudo de intervalo de dose em doentes com dermatite atdpica moderada a grave. Nestes 5 estuds, 1.689 participantes foram tratados com injegGes subcuténeas de dupilumab, com ou sem corticosteroides tdpicos (CST) concomitantes. No total, foram Iratados 305 doentes com dupilumab durante, pelo menos, 1ano. Listadas na Tabela 3 estdo as reages adversas observadas em
estudos dlinicos na dermatite atdpica efou apds 0 mmo da (omercwahzaqao apresentadas pordazse de sistema de orgaosefrequeﬂua utiizando as sequintes categorias: muito frequentes (= 1/10); frequentes (> 1/100, < 1/10); pouco frequentes (> 1/1 000 < W 00); raras( 1/10.000, < 000) muwto 125 (<1 10.000). Demmdenada grupode requenua 05 efeitos indesejdvels sao apresentados por ordem
decrescente de gravidade. Tabela 3 Lista d p ,' 1DRA Infegdes e infestagdes Frequéndia Frequentes Reagdo ad onjuntivite, Hrpes oral; Doengas do sangue e do'sistema lnfitico F ia Frequentes li; Doengas do: , Desconhecido Re dversa Doenga doso-
Tofreagdes dotipo doenga dosoro, Reagaoanaﬁ\al\ca Angioedema®; Doengas dosis éncia Frequentes Re d efaleias Afegdes oculares Frequéncia Frequentes Reagao ad tivite alérgica, Prurido oculer BlefameAfegaesmuw/asque/enmse"ﬂ tecidosconuni requéncia Desconhecido Reagdo ad A""‘m ”Per!urbaguesgem/sea/rem;oesno local de administragdo
Frequéndia Muito frequentes Reagao adversa Reagdes no local de injegdo. Adolescentes com dermatite atdpica (12 aos 1 7anos de idade) Foi avaliada a seguranga do dupilumab num estudo de 250 doentes dos 1220 17 anc dedde o dermatte at6pica moderada a grave (AD-1526). 0 perfil de sequranga do dupilumab nestes doemes que foram atompanhados até & semana 16, foi semelhante ao perfil de
sequranga dos estudos em adultos com dermatite atdpica. Doentes pedidtricos com dermatite atdpica (6 aos 11 anos de idade). Foi avaliada a seguranca de dupilumab num estudo de 367 doentes dos 6 aos 11 anos de idade com dermatite atdpica grave (AD-1652). 0 perfil de seguranca do dupilumab + CST nesses doentes até & Semana 16 foi semelhante ao perfil de sequranca de estudos em adultos e adolescentes com
dermatite atdpica. O perfil de sequranca a longo prazo do dupilumab observado em criangas e adolescentes foi consistente com o observado em adultos com dermatite atdpica. Asma Restumno do perfil de sequranga A reagdo adversa mais frequente foi eritema no local de injecdo. Foram notificados casos muit raros de reagao anafléctica no programa de desenvolvimento da asma (ver seccio 44 do RC(M comp\eto] Nos
estudos DRI12544 e QUEST, a proparcao de doentes que descontinuaram o tratamento devido a reacGes adversas foi de 4.3% no grupo placebo, 3,2% do grupo dupilumab 200 mg Q2W e 6,1% do grupo dupilumab 300mg Q2W. UslambeadadereagoesadvemsUmlma\dez888doemesadu\toseado\es(emes(omasmamoderadaagraveforamavahadusem%e'"* leatorizados, controlados por placebo,
de 24252 semanas de duragdo (DRIT2544, QUEST e VENTURE). Destes, 2.678 tinham histria de 1 oumalsexaterbagoesgraves noano anterior ao recrutamento, apesar da uflizagdo regular de corticosterdides inalados de dose média aalta, mais um controlador adicional (DRI12544 QUEST). Foram recrutados um total de 210 doentes com asma, dependentes de corticosterdids areteberdoseselevadasde(ort\costerowdes
inalat6rios e com mais do’s controlos adicionais (VENTURE). O perfl de seguranga de dupilumab no estudo de seguranga de longo prazo de 96 semanas (TRAVERSE) foi consistente com o perfil de seguranga observado nos estudos principais da asma até as 52 semanas de tratamento. Listadas na Tabela 4 esto as reagdes adversas observadas em estudos clinicos na asma, e-ou apds o nicio da comercializagdo apresentadas
pordassedeus\emade drgaos e frequéndia, ul\hzanduassegumtes ategorias: muito frequemes (= 1510); frequentes (> 1100, < 110); pouco frequentes (= 1/1.00, < 1/100); aras (= 110,000, < 1/1.000); muito raras (< 1/10.000) Dentm de cada grupo de frequéncia, os efeftos indesejéveis sdo apresentados por ordem decrescente de gravidade. Tabela 4: Lista de reacgdes adversas na asma: Classe de
MedDRA Doengas do Muito raras, Desconhecido Reagao adversa Reacdo anafidtica, Angioedema® Afe;oesmum/osque/eﬂmsedﬂ fecidos éncia Desconfecido R d L\'m‘m*‘Penurba(oexgem/sea/[em(vesno local de administragdio Frequéndia Muto frequentes, Frequentes, Frequentes, Frequentes Reago adversa Ertema
no local de injeccdo, Edema no local da injeccao, Dorno local da \me(gao Prurido nolocal da injegdo. *Notificados em pds-comercializaggo Dupixent 300 mg : Rinossinusite rénica com polipose nasal (CRSWAP). Rexumodugm’v desequranga. As reagoes adversas mais frequentes faram eriterna no local da injegdo e edema no local da injegdo. No grupo de sequranga, a proporcao de doentes que descontinuaram o tratamento
devido a reagdes adversas foi e 2,0% no grupo Q2Wde dupilumab 300 mg e 4,6% no grupo placebo. Lista tabelada de reades adversas U total de 722 doentes adultos com CRSWNP foram avaliados em 2 ensaios Jos, controlados por placebo e multicéntricos, com durago de 24 a 52 semanas (SINUS-24 e SINUS-52). 0 grupo de sequranga consistia em dados das primeiras 24 semanas de tratamento. Listadas
naTabela § estdo as reagdes adversas observadas nos estudos dlinicos de CRSWNP e/ou apds o inicio da comercializagdo, apresentadas por classe de sistema de Grgdos e frequéndia, utlizando as seguintes categorias: muito frequentes (> 1/10); frequentes (> 1/100, < 1/ 10), pouco frequentes (> 1/1.000, < 1/100); raras (> 1/10.000, < 1/1.000); muito raras (< 1/10.000). Dentro de cada grupo de frequéncia, os efeitos
indesejaveis sdo apresentados por ordem decrescente de gravidade. Tabela 5. Lista de reagdes adversas nos estudos dinicos de CRSWNP: Classe de sistemas de drgaos MedDRA infedes ¢ infestagdes Frequéndia Frequente Reagao adversa Conjuntivite Doengas do sangue e do sistema linféico Frequéncia Frequente Reagao adversa Fosinofilia Doengas do sistema imunitdiio Frequéncia
Desconhecido Reagao adversa Reagdo anafildtica™, Angioedema™ Afegges musulosqueleticas e dos tecidos conjuntivos Frequéndia Desconhecido Reagao adversa Artralgia™ Perturbagdes gerais e alteragdes no local de administragdo Frequénia Frequente Reagao adversa Reagfes no local de injeao, Inchago no local da injecdo *Notificados em pds-comercializagdo. Dupivent 200 mg e 300 mg : Descricio de
reades adversas selecionadas nas indicages de dermatite atdpica, asma e CRWNP Hipersensibilidade Foram comunicados casos de reagao anaflética, angioedema e de doenca do sororeagdes do tipo doenga do soro apds a administragao de dupilumab (ver secgéo 4.4 do RCM completo). Conjuntivite e eventos relacionados. Conjuntivite ocorreu mais frequentemente em doentes com dermatite atpica que receberam
dupilumab. A maioria dos doentes com conjuntivite recuperou ou estava a recuperar durante o periodo de tratamento. Nos doentes com asma, a frequéncia de conjuntivite foi baixa e semelhante entre o dupilumab e o placebo. Dupixent 300 mg: Nos doentes com CRSWNP,a frequéncia de conjuntivite foi superior no dupilumab do que no placebo, embora menor do que a observada nos doentes com dermatite atdpica (ver
secqdo 44 do RCM completo). Eczema herpetico Foi comunicado eczema herpético em < 1% dos grupos de dupilumab e em < 1% do grupo de placebo nos estudos de monoterapia com dermatite atdpica de 16 semanas. No estudo de dupilumab <+ CST de 52 semanas, foi comunicado eczema herpético em 0,2% do grupo de dupilumab + (ST e em 1,9% do grupo de placebo + CST.Easinafiia Os doentes tratados com
dupilumab tiveram um aumento médio inicial maior do que o valor basal na contagem de eosindfilos em comparagao com os doentes tratados com placebo. A contagem de eosindfilos diminuiu para perto dos niveis basais durante o tratamento do estudo  voltou aos valores basais durante o estudo de extensdo aberto de sequranca da asma (TRAVERSE). Foi notificado tratamento emergente para eosinofilia (> 5,000
células/ml) e <2% dos doentes tratados com dupilumab e < 0,5% nos doentes tratados com placebo. Infegdes Nos estudos clinicos de dermaite atdpic terapia de 16 semanas, f icadas infegdes graves em 1,0% dos doentes tratados com placebo e em 0,5% dos doentes tratados com dupilumab. No estudo CHRONOS de dematite atGpica de 52 semanas, foram reportadas infeBes graves em 0,6%
dos doentes tratados com placebo e em 0,2% dos doentes tratados com dupilumab. Dupigent 300 mg: Nao se observou aumento na incidéncia geral de infecgdes com dupilumab em comparagdo com placebo no grupo de sequranga dos estudos clnicas de CRSWNP. No estudo SINUS-52 de 52 semanas, foram notificadas infecgdes graves em 1,3% dos doentes tratados com dupilumab e em 1,3% dos doentes tratados com
placebo. munogenicidade Como todas ) protemas terapéuticas, existe um potencial para imunogenicidade com dupilumab. As respostas de Anticorpos Antifirmacos (AAF) nao foram, de forma geral, associadas a um impacto na exposico, na seguranga ou na eficécia de dupilumab. Dupixent 200 mg : Aproximadamente 6 % dos doentes com dermatite atdpica ou asma que receberam dupilumab 300 mg QW durante 52

semanasu nvolveram AAF 2% pemsteme&deAAFe anticorpo: Foram abservados resultados semelhantes em doentes peditricos (6 aos 11 anos de idade) com dermatite atdpica que receberam dupilumab 200 mg Q2W ou 300 mg Q4W durante 16 semanas. Dupixent 300 mg: Aproximadamente 5% dos doentes
com dematite atdpica, asma ou(RSwNP ue receberam dupl “ZOOmQOZWdurantESZ inas desenvolveram AAF ao dupilumat j % exibiram respostas persistentes de AAF e d 2% anticorpos neutral Foramobservadosresu\ladosseme\hamesemdoemespedlamws (6:205 11 anos de idade) com dermatite atdpica que receberam dupilumab 200 mg QW
0u300mg Q4W durante 16 semanas. Apmxwmadamemﬂﬁ% dos doentes ado\e&temes on dermatite alop\[aque Teceberam dup\\umab 300mg ou 200 mg QZW durante 16 semanas d anticarpos ao dupil “; 3% exibiram respostas persistentes de AAF 5% anutorpvs wodns doentes com asma que receberam
dupiumab 200 mg Q2W durante 52 semanas niicorpos 2o 4% persitentes de AAF 4% apresentaram anticorpos neutal daidade ou populagio, aproxi a49% dos doentes nos grupos placet i ticorpos b 2% istente de AAF e apro-

vimadamente 1% apresentaram anticorpos neutralizantes. Menos de 1 % dosdoentes que receberam dup\\umab em regime de dosagens aprovads apresentaram respostas de AAF com titulago elevada associadas a exposicao e eficicia reduzidas. Além disso, houve um doente com doena do Soeuman reado do tipo doenga do soro (<0, 1%) associadas a titulagdes elevadas de ARF (verseccdo 44 do RCM completo).
Populado peditrica Nos ensaios clinicos de dermatite atdpica e asma, o perfil de sequranga observado em criangas com dermatite atGpica dos 6 aos 11 anos de idade e em adolescentes dos 12 aos 17 anos de idade foi semelhante ao observado nos adultos. Foi avaliada a sequranga a longo prazo de dupilumab em 89 doentes adolescentes que foram inscritos num estudo de extenséo aberto na asma moderada a rave
(TRAVERSE). Neste estudo, os doentes foram acompanhados durante 96 semanas. O perfil de sequranca de dupilumab no TRAVERSE foi consistente com o perfil e sequranga observado nos estudos principais da asma até as 52 semanas de tratamento. Notificacdo de suspeitas de reagbes adversas A notificaao de suspeitas de reagdes adversas apds a autorizagdo do medicamento é importante, uma vez que permite uma
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Editorial

Estamos a chegar ao fim do més de maio e os numeros da pandemia por SARS CoV-2 estdo finalmente em
niveis mais toleraveis que, conjugados com o crescente nimero de pessoas residentes em Portugal que ja rece-
beram, pelo menos, uma dose de vacina, e a0 numero nao negligenciavel de pessoas que contrairam infe¢ao,
nos pode dar alguma esperanga de, dentro de pouco tempo, conseguirmos atingir uma imunidade populacio-
nal que nos permita regressar a uma certa “normalidade” semelhante a que se vivia no periodo pré pandémico.

Tudo isto, se conseguirmos manter comportamentos de socializagao aceitaveis sem relaxar as precaugdes de
contagio, se a chegada tao desejada dos turistas ndo trouxer consigo novas variantes para as quais as pessoas
imunizadas ja ndo estejam protegidas, se conseguirmos que as populagdes mais desfavorecidas dos Paises de
baixo e médio rendimento tenham acesso a vacinagdo e se nao houver abrandamento da vigiladncia sanitdria
por fadiga ou diminui¢ao de recursos dos profissionais, entre outras, muitas outras coisas que podem ainda
correr mal.

A pandemia trouxe uma das maiores, se ndo a maior, altera¢ao no quotidiano das pessoas das tltimas décadas
com um enorme impacto do ponto de vista sanitario, econdmico, social e psicologico. Muitos comentadores
e socidlogos, dizem que a nossa vida nunca mais sera a mesma depois da pandemia. Sim, é verdade, mas é
igualmente muito importante que sejamos capazes, individual e coletivamente, de extrair as devidas licdes
dos acontecimentos destes dois ultimos anos.

Ao nivel da capacidade de prestagdo de cuidados de satde, o impacto foi brutal. A mobiliza¢ao da aten¢ao dos
profissionais de saude para os cuidados prioritarios a pessoas com Covid-19, 0 acompanhamento das pessoas
infetadas na comunidade e o rastreio, identificacdo e acompanhamento dos contactos, provocaram um adia-
mento sem precedentes nos atos médicos e de saude realizados nos tltimos meses. Apesar da retoma que ja se
comega a fazer sentir, os atrasos de cirurgias, consultas, tratamentos, atos de diagnostico, acompanhamento de
doentes crénicos e rastreios populacionais estdo ja a causar um impacto consideravel na saude dos cidadaos
e a situagdo poderd, a prazo, ser ainda mais grave, a medida que se tornem aparentes as consequéncias dos
referidos atrasos e adiamentos.

Apesar do contexto desfavoravel, a formacao profissional tem-se mantido muito ativa, ndo s6 em relagdo aos
temas especificos relacionados com as novas competéncias necessdrias para lidar com a pandemia, como
também dando continuidade as atividades de partilha de conhecimentos e de inovagao cientifica através dos
congressos e conferéncias que fazem parte do calendario habitual, nos ultimos tempos convertidos em eventos
em formato virtual ou hibrido e que comegam lentamente a procurar regressar ao formato presencial. Este
ano, prevé-se ja que alguns dos eventos voltem a acontecer em formato presencial, mesmo que em simultaneo
com a participagdo a distancia.

Também em relagido a produgio e divulgagdo de artigos e publicagdes, a comunidade cientifica ndo esteve
parada. Para além da inevitavel e profusa produgao cientifica de artigos relacionados com Covid-19, continua-
ram a ser publicados muitos estudos sobre outros temas que interessam certamente aos profissionais de saide.

E o caso das Revistas Thorax e Archives of Disease in Childhood que nos proporcionam periodicamente uma
vasta e interessante oferta de temas. Assim, voltamos com um novo nimero da edigdo em lingua Portuguesa
de artigos dessas revistas em que, para além da Covid-19, se abordam outros temas relevantes como polui¢ao
atmosférica e bronquiolite infantil, apneia obstrutiva do sono, risco de osteoporose devido a corticosteroides
em pessoas com asma e hesitagdo vacinal.

Esperamos que esta selecdo de artigos vos agrade e desejamos uma boa leitura.

Jaime Correia de Sousa
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COVID-19 e o que acontece a seguir ?

Nicholas S Hopkinson,' Gisli Jenkins 2 Nicholas Hart?

No final de janeiro de 2020, a OMS
declarou o surto de SARS-CoV-2 uma
emergéncia de saude publica a nivel
internacional, o seu nivel de alarme mais
elevado. Embora as medidas no Reino
Unido para reduzir a propagagio e “prote-
ger o SNS” tenham impedido um colapso
completo do sistema de saude, o atraso
na implementagdo de um confinamento
até 23 de marco fez com que ocorressem
dezenas de milhares de mortes adicionais
e, até dezembro, mais de 220.000 hospita-
lizagoes por COVID-19, com efeitos que,
para muitos individuos, continuaram a
persistir apds a alta hospitalar. (https://
coronavirus.data.gov. uk/healthcare).!”

O SARS-CoV-2 visa o epitélio res-
piratorio e tem uma multiplicidade de
consequéncias clinicas que vdo desde a
doencga assintomadtica, ligeira, a mode-
rada e grave. Embora a doenga, no seu
inicio, provoque principalmente sinto-
mas respiratdrios, muitos doentes terdo
uma incapacidade fisica, cognitiva e psi-
coldgica que exigira uma gestdo a longo
prazo. Nesta edi¢do da Thorax com arti-
gos do Archives of Disease in Childhood,
edicdo portuguesa nas breves comunica-
¢des, temos do Reino Unido, descri¢des
sobre o resultado de curto a médio prazo
ap0s a alta de doentes hospitalizados com
COVID-19, identificando um padréo de
cinco sintomas principais persistentes:
falta de ar, tosse, fadiga, dores muscula-
res/articulares e ma qualidade do sono.*”*
Mandal et al recrutaram 384 doentes de
trés grandes hospitais londrinos. ¢ Numa
mediana de 54 dias apds a alta hospitalar,
cerca de metade dos doentes relataram
falta de ar persistente e um terco relatou
tosse persistente. Dois ter¢os dos doen-
tes descreveram fadiga persistente e ma
qualidade do sono, com 15% a relatar
resultados consistentes com depressao.
Os biomarcadores de inflamagao conti-
nua (D-dimero e CRP) foram frequente-
mente elevados.

Apenas 11% dos doentes reporta-
ram uma auséncia de todos estes quatro
sintomas principais. E de salientar que,
embora a doenga respiratoria fosse uma
comorbilidade comum em doentes hos-

'National Heart and Lung Institute, Imperial College
London, London, UK

?Centre for Respiratory Research, University of
Nottingham, Nottingham, UK

3Lane Fox Respiratory Service, Guy's & St Thomas’ NHS
Foundation Trust, London, UK

Correspondence to Dr Nicholas S Hopkinson,
National Heart and Lung Institute, Imperial College
London, London, UK; n.hopkinson@ic.ac.uk

pitalizados, a pontuagido na escala de
Dispneia MRC no seguimento ndo foi
diferente entre os doentes com e sem
doenga respiratdria pré-existente [ambas
medianas (IQR) 2 (1-3)]. Num estudo
realizado por Hall et al em Londres,” os
investigadores consultaram os doentes
por telefone antes da consulta clinica
presencial e relataram que um ter¢o dos
doentes teria retomado o seu nivel fun-
cional inicial e que recusaram a consulta
clinica, um tergo foi considerado néo
egivel para consulta presencial devido
ao seu estado clinico ou estava incon-
tactdvel e um tergo apresentava sintomas
persistentes. Embora a falta de ar fosse
uma caracteristica proeminente nos 200
individuos com sintomas persistentes,
com uma pontua¢io mediana MRC de
2,6+1,2,31% dos doentes ndo necessita-
ram de oxigénio na fase aguda da doenga
durante o internamento. Dos 170 doen-
tes submetidos a teste de marcha de 6
minutos, um tergo registou dessaturagdo
de oxigénio superior a 4%, 27% apresen-
tou uma redu¢do do volume pulmonar
e 44 % uma reducdo na transferéncia
gasosa. Foram observadas anomalias
radioldgicas persistentes nos exames
imagioldgicos do térax em um ter¢o dos
doentes seguidos.

Em outro estudo, Arnold et al no rela-
torio de Bristol® informam o seguimento
de 110 doentes numa mediana de 83 dias
apds a sua admissdo hospitalar. Neste
estudo, quase trés quartos dos doentes
reportaram pelo menos um sintoma per-
sistente, com 39% a descrever falta de
ar, 39% fadiga e 24% insonias. Os sinto-
mas persistentes foram mais comuns nos
doentes que apresentavam uma doencga
inicial mais grave. E importante salientar
que, MesSmo No grupo que nao requereu
oxigénio suplementar durante a admissao,
26% relatou falta de ar e fadiga continua
com ma qualidade de sono.

Em Vancouver, Shah et al’ realizaram
um estudo prospetivo pds-alta hospitalar
em 60 doentes examinados 12 semanas
apods o inicio dos sintomas. As anoma-
lias da fun¢do pulmonar foram comuns,
com uma redugio da transferéncia gasosa
em 52% e uma redugdo da capacidade
pulmonar total em 45%. As alteragdes
persistentes observadas na TAC foram
praticamente universais: 83% dos doentes
apresentaram dreas de vidro fosco e 65%
areas de reticulagdo, enquanto apenas 12%
ndo apresentaram qualquer anomalia nos
resultados imagiologicos. Verificou-se
uma forte associacdo entre os dias de
suplementagio de oxigénio durante a fase

aguda da COVID-19, tanto na redugio da
transferéncia de gds como nas anomalias
de TC no seguimento. Nao obstante, ape-
nas 20% dos participantes relataram falta
de ar persistente. Estes dados observacio-
nais realcam a necessidade de um acom-
panhamento sistemdtico nesta populagdo
de doentes,!® mas sdo necessarios mais
estudos para determinar ao pormenor
a natureza e os mecanismos das seque-
las da infe¢do por SARS-CoV-2 a nivel
pulmonar, sistémico e psicologico. Uma
proporgao substancial de doentes hospita-
lizados apresenta alteragdes radioldgicas
ou fisioldgicas consistentes com anoma-
lias intersticiais, havendo uma necessi-
dade urgente de definir a trajetdria desta
patologia pulmonar. Independentemente
de estas mudangas permitirem progres-
sos ou resolugdes, elas terdo um impacto
profundo nos cuidados de satde nos proé-
Xximos anos.

Os estudos de longo prazo também
devem investigar o efeito da perturbagéo
do eixo do cérebro-coragao-rim-mus-
culo esquelético com o desenvolvimento
de imagens fisioldgicas e incluir impac-
tos fisicos e psicoldgicos para que pos-
samos desenvolver estratégias clinicas
para gerir a perturbagdo de stresse pos-
-traumatico e outras morbilidades psi-
coldgicas. Curiosamente, o tnico estudo
sobre défice cognitivo” determinou que o
teste utilizado seria inadequado para esta
coorte de doentes. Serd importante asse-
gurar que sio utilizadas ferramentas apro-
priadas para esta drea crucial de avaliagdo.
O estudo multicéntrico PHOSPCOVID
(www.phosp.org/), que ira recrutar 10000
doentes hospitalizados por COVID-19 em
todo o Reino Unido, é um exemplo desta
abordagem abrangente, incorporando
areas de investigagao fisica, psicologica e
cognitiva. Ao longo de 12 meses, as ava-
liagoes fornecerdao dados mecanicistas e
de observagcio clinica sobre a trajetéria de
recuperac¢do dos doentes apos hospitali-
zag¢do por COVID-19,a fim de proporcio-
nar um maior conhecimento do impacto a
longo prazo na sua saude.

O trabalho descrito até a data em
doentes hospitalizados exclui dois grupos
importantes. O primeiro sdo os indivi-
duos infetados com SARS-CoV-2 e que
apresentaram uma doen¢a moderada a
grave, mas que evitaram a hospitaliza-
¢do, e o segundo sdo os individuos com
“COVID-19 de Longa Durag¢do” que apre-
sentaram sintomas debilitantes persisten-
tes apos o que pode ter sido, em termos
comparativos, uma fase ligeiramente
aguda.* Os resultados a longo prazo nas
diferentes populagdes sdo suscetiveis a
variagdes. Portanto, entre os participantes
no estudo Zoe Symptom,'! nos 4182 casos
de COVID-19 com teste positivo para
SARVS-CoV-2 por PCR e que registaram
0s seus sintomas prospetivamente, 13,9%

BM)

Hopkinson NS, et al. Thorax April 2021 Vol 76 No 4

€3 103



apresentaram-se no hospital por causa de
COVID-19, 13,3% apresentavam sinto-
mas com uma durag¢io >28 dias, 4,5% com
uma durag¢io >8 semanas e 2,3% com uma
duragio >12 semanas.? 43,9% das pessoas
com sintomas as 8 semanas apresentaram-
-se no hospital. Stavem et al'* estudaram
os sintomas e os seus determinantes 1,5-6
meses apos o aparecimento dos sintomas
numa populagdo norueguesa nao hos-
pitalizada com COVID-19 confirmada.
Cinquenta e trés por cento das mulheres
e 67% dos homens estavam sem sintomas,
enquanto 16% reportaram dispneia, 12%
perda/perturbacio do olfato e 10% perda/
perturbagio do paladar. Uma maior carga
de sintomas durante a doenca inicial foi
associada a uma maior carga de sintomas
no seguimento, sugerindo uma correlagio
com a gravidade da doenga.

Dada a persisténcia de sintomas como
falta de ar, tosse, fadiga, dores muscula-
res e articulares e ma qualidade de sono
apos a COVID-19, existe a necessidade
de uma abordagem de reabilitacdo para
atender as questoes fisicas e psicologi-
cas de forma holistica e a orienta¢do da
British Thoracic Society esta disponivel
no seu website (www.brit-thoracic.org.
uk). A abordagem estruturada de auto-
gestdo que se tem mostrado eficaz no
tratamento da sindrome pds-poliomelite
também pode fornecer um modelo para o
efeito.” A pontuagdo no teste de avaliagdo
de DPOC, uma medida estabelecida para
avaliar a resposta a reabilita¢do pulmonar,
foi reformulada para servir de ferramenta
para a avaliagdo dos sintomas pds-CO-
VID.»

Inclusivamente antes da COVID-19,
a prestacdo de servigos de reabilitagdo
pulmonar para apoiar pessoas limita-
das pela falta de ar era inadequada para
satisfazer o nivel de necessidade’® e a
pandemia em curso limitou ainda mais
a capacidade de presta¢do de servigos
pessoalmente. As pessoas com doengas
de longo prazo clinicamente vulnera-
veis a COVID-19 foram aconselhadas

a praticar um isolamento social rigo-
roso e também sofreram dificuldades
no seu acesso aos cuidados de saude.'” 3
A pandemia acentuou as desigualdades
e o racismo estrutural nos cuidados de
satde."” Esperamos que a compreenséo e
o reconhecimento das necessidades das
pessoas que recuperam da doenga con-
duza, por sua vez, a uma maior sensibili-
zac¢do para a importéancia da reabilitagdo
em todo o sistema de cuidados de saude.
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Temperatura ambiente, poluicao atmosférica

e bronquiolite infantil
Holly Ching Yu Lam," Shakoor Hajat?

A bronquiolite aguda ¢ uma das principais
causas de hospitaliza¢des relacionadas com
infegGes respiratdrias do trato inferior entre
criangas pequenas, sendo frequentemente
atribuida a infegdo por virus sincicial res-
piratério (VSR). A sazonalidade da infe¢ao
por VSR tem sido relatada em diferentes
regides climaticas, com uma maior incidén-
cia no Inverno em regides de clima tempe-
rado e na estagdo das chuvas em areas mais
proximas do equador.! As exposi¢des ao
meio ambiente, tais como fatores meteoro-
légicos e poluentes atmosféricos, que afetam
a suscetibilidade do hospedeiro, a sobrevi-
véncia do agente patogénico e a transmissao
podem, em parte, conduzir a sazonalidade
da bronquiolite aguda, mas estas tém sido
menos investigadas comparativamente
a outras condic¢des respiratdrias infantis
comuns, como ¢ o caso da asma. Em regides
subtropicais, a sazonalidade na bronquiolite
aguda infantil tem sido relatada por varios
estudos, mas poucos investigaram a sua
relacdo com a exposi¢do ambiental.

O relatério nesta edi¢ao de Leung et
al comega por preencher algumas destas
lacunas.”? Num estudo bem conduzido de
regressdo com séries temporais, investigou-
-se a associa¢do de fatores meteoroldgicos
e poluentes atmosféricos no quotidiano das
criangas (<2 anos de idade), hospitaliza¢oes
de bronquiolite aguda durante um periodo
de 10 anos no cenario subtropical metro-
politano de Hong Kong. O estudo analisou
dados de 12 hospitais publicos e considerou
cuidadosamente os efeitos retardados de
cada exposi¢do, embora ndo tenham sido
apresentados possiveis efeitos sinérgicos.
Considerando que estudos de outras regi-
Oes mostram picos singulares na incidéncia
anual de bronquiolite e VSR no Inverno ou
na estagdo das chuvas,'? este estudo sugere
dois picos na incidéncia de bronquiolite em
Hong Kong - um maior na Primavera e um
menor no final do Verao.

Apos o ajustamento sazonal, verificou-se
um maior risco de hospitalizacio associado
tanto as altas temperaturas (com um atraso
até 5 dias) como as baixas temperaturas (com
um atraso de 5-15 dias), embora as associa-
¢des fossem fracas. Um estudo anterior reali-
zado em multiplos cenarios também sugeriu
uma liga¢do com a temperatura, com taxas
mais elevadas de infe¢do por VSR durante
dias com temperaturas entre 2°C-6°C em
regides temperadas e entre 24°C-30°C em
regides quentes e himidas.> Os residentes
de Hong Kong parecem estar vulneraveis
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em ambos os extremos da distribui¢ao da
temperatura, observando-se também uma
distribui¢do sazonal bimodal para a gripe na
cidade, como também noutras regides entre
0s tropicos e subtropicais.* Se as distingdes
na sazonalidade da bronquiolite e os efeitos
da temperatura nas regides temperadas em
comparagdo com outras partes do globo
partilham caracteristicas semelhantes as da
gripe, justifica-se a realiza¢do de mais estudos
centrados na bronquiolite em regides tropi-
cais e subtropicais.

O presente estudo também observou
efeitos adversos consistentes em todos
os poluentes considerados, a exce¢do do
ozono.? Apesar das evidéncias substan-
ciais dos efeitos nocivos do ozono sobre a
saude respiratoria, Leung ef al sugerem que
a associagdo nio positiva encontrada pode
estar relacionada com a atividade virucida
do ozono e o seu efeito sobre as defesas do
hospedeiro. Embora tenha sido relatado que
0 ozono ¢ um agente eficaz na inativagao do
virus transmitido pelo ar num estudo reali-
zado numa camara de ensaios laboratoriais,’
ndo ¢ provavel que este seja o caso em Hong
Kong, uma vez que a dose necessaria para
inativar o virus ¢ muito mais elevada do
que os niveis de ozono ambiental presentes
na cidade. Estudos em ratos sugerem que
a exposi¢do ao 0zono promove respostas
imunitdrias contra infe¢des virais através da
indugdo de interleucina-3 e do aumento da
resposta antiviral dos linfocitos T CD8+.° Os
mecanismos e os efeitos reais dos potenciais
efeitos nocivos e potencialmente benéficos
do ozono sobre a saude respiratoria humana
continuam por esclarecer e merecem uma
investigagdo mais aprofundada. Isto pode
ser particularmente oportuno e critico na
atual pandemia global da COVID-19. Além
disso, o ozono ambiental estd positiva-
mente correlacionado com o nivel de radia-
¢do ultravioleta e a radiagio ultravioleta B
(UVB) estd negativamente associada a ati-
vidade epidémica do VSR.? Infelizmente, a
radiagdo UVB nio foi incluida no estudo de
Hong Kong. Por conseguinte, ndo podemos
descartar o efeito confundidor da radia¢do
UVB na associagdo negativa aguda obser-
vada com o ozono. Relativamente a outros
poluentes, o estudo de Leung et al sugere
que a poluigdo atmosférica tem maiores
impactos agudos comparativamente aos
fatores climdticos nas hospitalizacdes por
bronquiolite entre criangas mais novas.? Os
niveis médios didrios de diéxido de azoto
(NO,) apresentaram um limiar em torno do
nivel mediano de 50pg/m>.

Este valor ¢é dificil de comparar com os
limites estabelecidos na diretriz de quali-
dade do ar da OMS para NO,, uma vez que
a mesma se baseia em medi¢des diferentes -
ndo excedendo uma média de 200pg/m? por
hora e uma média anual de 40pug/m’. Porém,
as particulas em suspensio (PM, ) demons-
traram impactos adversos pelo menos a par-
tir do percentil 25 de 24ug/m® em intervalos

de 0-2 dias. Como a diretriz da OMS para a
média de PM, por 24 horas é de 50pg/m’,
isto pode ndo ser suficientemente restritivo
para proteger a saude respiratoria das crian-
¢as.Em 2013, 0 governo de Hong Kong intro-
duziu um sistema de alerta sobre o Indice da
Qualidade do Ar (AQHLI: Air Quality Health
Index) para proteger a satde publica dos
efeitos nocivos da polui¢do atmosférica. O
AQHI ¢ baseado na média moével de 3 horas
de poluentes atmosféricos prioritarios na
cidade e é acompanhado por conselhos de
saude para grupos vulneraveis. A eficicia do
AQHI na redugio de internamentos hospi-
talares por infe¢des respiratdrias foi previa-
mente demonstrada, particularmente entre
as criangas (<18 anos de idade).”

Outras estratégias podem ajudar a redu-
zir o fardo da bronquiolite entre as criangas
muito jovens. Em Hong Kong, os escapes de
veiculos a gasoleo sdo uma das principais fon-
tes de matéria particulada. Assim, estratégias
ambiciosas para reduzir ainda mais a matéria
particulada, tais como a mudanga completa
para veiculos de zero emissoes, conforme
estipulado pelo governo do Reino Unido até
2050, irdo provavelmente proporcionar gran-
des beneficios para a saide respiratéria em
geral. Embora louvaveis, esses objetivos nao
abordam a predominancia de automoveis em
ambientes urbanos. Uma mudanga para uma
cidade mais propicia a deslocagoes a pé em
detrimento dos automaveis - um modelo que
ja esta a ser defendido em Hong Kong® - aju-
daria a proporcionar ainda maiores benefi-
cios para a saude e o meio ambiente.
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Associacao a curto prazo entre variacao meteoroldgica,
poluicao do ar exterior e bronquiolite aguda em crian-

¢as em ambiente subtropical
Shuk Yu Leung,' Steven Yuk Fai Lau,?Ka Li Kwok," Kirran N. Mohammad,?

Paul Kay Sheung Chan,? Ka Chun Chong®**

RESUMO

Objetivos Examinar a associacdo entre a hospitaliza-
cdo de criancas relacionada com bronquiolite aguda,
variacdo meteoroldgica e poluicao do ar exterior.
Métodos Obtivemos os registos didrios de admisséo
de bronquiolite aguda de criangas <2 anos de idade
em todos os hospitais publicos, os dados meteoro-
|6gicos e as concentragbes de poluentes atmosfé-
ricos no exterior entre 1 de janeiro de 2008 e 31
de dezembro de 2017 em Hong Kong. Utilizdmos
modelos aditivos generalizados de quasi-Poisson jun-
tamente com modelos ndo lineares (distributed lag)
para estimar as associacbes de interesse ajustadas
para confundidores.

Resultados Foi incluido na analise um total de 29
688 admissées. O aumento do risco relativo ajustado
(RRa) de hospitalizacao relacionada com bronquiolite
aguda foi associado a temperatura elevada (tempera-
tura ambiente e temperatura aparente) e foi margi-
nalmente associado a elevada presséo de vapor, um
substituto para a humidade absoluta. A elevada con-
centracao de NO, foi associada a um risco elevado de
admissdo por bronquiolite aguda. O risco de hospi-
talizacdo por bronquiolite aumentou estatisticamente
de forma significativa com a exposicdo cumulativa
de NO, na gama 66,2-119,6 ug/m’. Relativamente
as PM,, o efeito significativo observado em con-
centragOes elevadas parece ser imediato, mas ndo
duradouro. Relativamente ao SO,, a RRa aumentou
a medida que a concentracdo se aproximou do per-
centil 75 e, depois, diminuiu, embora a associacao
fosse insignificante.

Conclusdes A hospitalizacao aguda por bronquiolite
entre criancas foi associada a temperatura e exposicao
a NO, e PM, em diferentes /ag times, sugerindo a
necessidade de adogdo de politicas sustentaveis de ar
limpo, especialmente para atuar sobre os poluentes
produzidos pelos veiculos motorizados, de modo a
proteger a saude das criancas jovens.

INTRODUCTION

Acute bronchiolitis is typically caused by viral
infection. Respiratory syncytial virus (RSV)
is the most common pathogen in childhood
respiratory tract infection, especially among
those <2 years old.'” Clinical signs and symp-
toms of acute bronchiolitis include cough,
tachypnoea, hyperinflation of lungs, chest
retraction, inspiratory crackles and expiratory
wheeze.??

Acute bronchiolitis causes significant morbi-
dity and mortality among infants and young chil-
dren worldwide." It is the most common cause of
lower respiratory tract infection (LTRI)-related

What is the key question?

» Are meteorological variation and outdoor
air pollution associated with acute bron-
chiolitisrelated hospitalisation in chil-
dren?

What is the bottom line?

» Acute bronchiolitis-related hospitalisation
among children was associated with tem-
perature and exposure to NO, and PM, at
different lag times.

Why read on?

» This is one of the very few studies that
explored the association of interest in a
subtropical setting.

hospitalisation.'* In the USA, acute bronchioli-
tis is the leading cause of hospitalisation among
infants <lyear old.* Nearly all children would be
infected at least once by the time they reached
the age of 2 years, and an estimated 2%-3% of
all children would be hospitalised with acute
bronchiolitis during their first year of life.??*¢ In
temperate regions, the annual epidemics usually
last from November all the way till April with a
peak observed in January or February.”® Similar
patterns could be seen in European countries
where the average RSV season commences in the
beginning of December, peaks in early February
and ends in early April.”

In Hong Kong, acute bronchiolitis is one of
the major causes of hospital admissions among
infants under the age of one. Up to 5% of total
paediatric discharge from all hospitals under the
Hong Kong Hospital Authority are attributed to
this condition.®

In a single hospital study, the estimated
incidence of bronchiolitis hospitalisation
was 21 per 1000 among children <2 years old
with 86% of them having been infected with
RSV.9 Different from the USA and Europe,
Hong Kong is located within the subtropical
region where RSV season remains illdefined
but usually overlaps with the rainy season (ie,
from March to September).?®

Global surveillance suggested that the sea-
sonal periodicity of RSV infection is related to
climatic factors.!* Meteorological conditions
including ambient temperature, rainfall and
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humidity were reported to be associated with RSV activity,® -2
while altitude, wind speed, dew point and ultraviolet B radiance
were reported to be associated with bronchiolitis."* ** On the
other hand, air pollutants such as primary traffic pollutants,
ozone (0O,), fine suspended particulates (PM, ) and environ-
mental nitrogen dioxide (NO,), as well as living close to major
roadways have been reported to be associated with exacerbation
of respiratory infections in young children.”?**

Hong Kong is a densely populated cosmopolitan city in
southern China with hot and humid summers, and mild and
dry winters. According to the 2016 Population By-census,
Hong Kong had a population of 7.34 million."* Motor vehicles
are the main source of air pollutants in Hong Kong. According
to the air quality guideline of the WHO, 8 hours daily mean of
O, should not exceed 100 pg/m’ while annual mean level of
respirable suspended particulates (PM ) and NO, should not
exceed 20 pug/m’ and 40 ug/m’, respectively.’* Unfortunately, in
Hong Kong, the highest 8 hours mean concentration recorded
for O, was 305 ug/m® and the highest annual mean concen-
trations recorded for PM, and NO, were 46 ug/m’® and 97
ug/m’, respectively, in 2017, all of which exceeded the WHO’s
guideline limits."”

Previous studies suggested that acute bronchiolitis-related
hospitalisation in children is associated with meteorological
variation but its association with outdoor air pollution has not
been well explored.®®-'4!# Furthermore, only limited studies
have been conducted in subtropical regions, most of which yiel-
ded inconsistent results.®*'° Therefore, in this study, we aim
to evaluate the possible short-term association among acute
bronchiolitis-related hospitalisation in children, meteorological
variation and outdoor air pollution in Hong Kong.

METHODS

Study design

This is a retrospective time-series study to assess the short-
-term impacts of meteorological variation and outdoor
air pollution on acute bronchiolitis-related hospitalisation
among young children. We obtained the daily counts of acute
bronchiolitis-related admission of children <2 years old from
a total of 12 public hospitals with acute paediatric inpatient
services, daily meteorological data and daily outdoor air
pollutants’ concentrations between 1 January 2008 and 31
December 2017.

Hospital admission data

In Hong Kong, paediatric care services are provided by both
the public and private sectors. Approximately, 71% of all hos-
pitalisations in 2016 occurred in public hospitals.?® The retros-
pective data of admissions of children <2 years old to all public
hospitals for acute bronchiolitis (International Classification
of Diseases 9th version (ICD-9): 466." in principal and secon-
dary diagnosis) from 1 January 2008 to 31 December 2017
were extracted for statistical modelling. Data on influenza-as-
sociated hospital admission (ICD-9: 487.0, 487.1, 487.8) were
also collected.

Meteorological data

Daily meteorological records measured at a single central moni-
toring station run by the Hong Kong Observatory were obtained
for the study period, including mean ambient temperature (oC),
mean relative humidity (RH%) and total rainfall (mm), from the
open-access data available on their website (https://www.hko.
gov.hk/cis/climat_e.htm). Actual vapour pressure (hPa),a proxy
for absolute humidity well adopted in many environmental stu-
dies* 2 was then derived using Teten’s formula®:

_ RH 17.27 x TEMP
e = 1gg X 6-105 x exp (237.7+TEMP>
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where e, RH and TEMP denote actual vapour pressure, rela-
tive humidity and ambient temperature, respectively. Apparent
temperature (0C) was derived using the following formula®:

Apparent temperature = 1.04 x TEMP + 0.2
xe = 0.65 x WIND - 2.7

where TEMP and e are as defined above and WIND denotes
wind speed (m/s).

Ambient air pollutants data

Daily average levels of air pollutants measured at 13 general
air monitoring stations (Central/Western, Eastern, Kwai Chung,
Kwun Tong, Sham Shui Po, Shatin, Tai Po, Tap Mun, Tseng Kwan
O, Tsuen Wan, Tuen Mun, Tung Chung and Yuen Long), inclu-
ding nitrogen dioxide (NO,), sulphur dioxide (SO,), ozone (O,)
and particulate matters (PM, ), were retrieved from the offi-
cial website of the Environmental Protection Department of
Hong Kong (https://cd.epic.epd.gov.hk/EPICDI/air/station/?
lang=en). Data from Tap Mun station were excluded because
it is situated in a remote area with very low population density,
thus, might not represent the exposure of the general popula-
tion. Data from the remaining 12 general air monitoring sta-
tions were averaged for downstream analysis.

Statistical analyses

Descriptive statistics were used to describe the demographic
characteristics of the patients. A quasi-Poisson generalised
additive model was used in conjunction with the distributed
lag non-linear models (DLNMs) to assess the potentially lagged
non-linear short-term associations between acute bronchiolitis-
related hospitalisation of young children, meteorological varia-
tion and outdoor air pollution. In the DLNM, cross-basis is a
bidimensional functional space created by combining two pre-
selected sets of basis functions, which specify the relationships
in the dimensions of an independent variable and lags, respec-
tively. Algebraically, the cross-basis function of an independent
variable X at time ¢ with a maximum lag of L can be expressed
in the following form:

Ux

14 T
cb (X, t, L) = 33 r;cum
1 k=1

where r . is an (L + 1) x 1 vector representing the jth basis
variable of X across the (L+1) lags, c.kisan (L + 1) x 1 vector
obtained by transforming the lag vector 1 = [0, 1, ..., L] using
the kth basis function in the lag dimension, vx and vl are the
dimensions of the basis functions of xt and respectively, and njk
is the unknown regression coefficient.?

The form of the primary model is as follows:

log [E(Y.)] = +cb(TEMP, t, L) + cb (RH, t, L) +

cb (factor (RAINFALL) , t, L) +
cb (NO,, t, L) + ¢cb (log (PMy), t, L) +
cb (05, t, L) + cb (log (SO,), t, L) +
¢b (factor (HOLIDAY) , 1, L) + ns (DOS,, df = 7 per year) +

factor (DOW,) + s (vFLU,, k = 7)

where E(Y ) is the daily expected count of acute bronchiolitis
admissions on day t; TEMP, RH, RAINFALL denote ambient
temperature, relative humidity, and total rainfall, respectively;
DOSt and DOWt denote day of study and day of week on day ¢
respectively; a is the overall intercept; factor(.) is a set of indi-
cator functions for any categorical independent variable, and
s(.) denotes a smoothing spline function with maximum basis
dimension k. In this study, natural cubic spline functions (ns)
with 2 and 3 knots placed at equally spaced intervals were
chosen as the basis function of the meteorological parameters
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(except for rainfall) and pollutants, respectively, which is equi-
valent to 3 and 4 degrees of freedom (df) respectively; whereas
an ns function with 2 knots placed at logarithmically equal
intervals, which is equivalent to 4 df, was selected as the basis
function of lag. DOS was modelled using an ns function with
7 df per year. The incubation period for acute bronchiolitis is
usually 5-7 days and disease period is usually 1-2weeks’; hence,
the maximum lags for independent variables were assumed to
be 21 days. Total rainfall was categorised into three groups,
namely Omm, 0 to 38.8mm (the 95th percentile) and >38.8mm,
so as to better examine the effect of extreme rainfall and reduce
the influence of outliers.** SO, and PM, were log transformed
to reduce skewness and the influence of outliers. An indicator
variable HOLIDAY which denotes whether a specific day was
a holiday, DOS, DOW and the square root of the number of
influenza-associated hospital admission on the same day (FLU)
were included in the model for confounder control. To further
assess the adjusted effect of absolute humidity and apparent
temperature on the daily counts of acute bronchiolitis admis-
sions, two secondary models with vapour pressure in place of
ambient temperature and relative humidity, and apparent tem-
perature in place of ambient temperature were fitted due to high
correlations between these meteorological variables (online
supplemental appendix section A).

All results were reported in terms of overall cumulative
adjusted relative risks (ARR), which accumulated the ARRs
over the lag period of 21 days, along with the corresponding
95% CI, and ARR plots by lag at selected percentiles, at which
the adjusted risks at a specific lag and percentile were compared
with that at the reference value on the concurrent day. The refe-
rence values for rainfall and all pollutants were Omm and their
corresponding 5th percentile, respectively, whereas the medians
were chosen as the reference values for ambient temperature,
apparent temperature, relative humidity and vapour pressure.

Model diagnostics and sensitivity analysis

Adjusted R? and residual plots were used to assess the goodness
of fit of the final models. Partial autocorrelation function
(PACEF) plots were used to assess partial autocorrelation of resi-
duals, with absolute values of pacfs <0.1 at the first 30 lag days
regarded as adequate fit.”” Sensitivity analyses were conducted
to assess the robustness of the final results to the initial model
choices. To be specific, changes in the overall cumulative ARRs
induced by the alternation of the dfs of the basis functions for
meteorological parameters (2 and 4 except for rainfall), pollu-
tants (3 and 5), and lag dimensions (3 and 5), as well as that of
ns function for DOS (6 and 8 per year) were examined. The cut-
off values for categorising total rainfall were also altered (online
supplemental appendix section B).

All statistical analyses were performed using R V.3.6.0. (R
Development Core Team, 2018: https://www.rproject.org/) and
the raw outputs were listed in online supplemental appendix
section E.

RESULTS

A total of 31523 admissions from 2008 to 2017 were retrieved
from the database, out of which 1835 were elective admission,
and thus, were excluded in the analysis. Among the remaining
29688 admissions, 66% were infants <12 months, 4% were pre-
term babies (<37 weeks), 68% were male and 99% were Asian.
The median (IQR) length of stay was 3 days (2-4 days). 21.5%
of cases were admitted more than once with acute bronchioli-
tis. During the study period, a total number of 10 deaths were
recorded, corresponding to a mortality rate of 0.04% (table 1).
The major causes of these deaths were respiratory failure and
multiple organ failure. Each hospital applies different practices
based on different priorities. Some hospitals might not examine
nasopharyngeal aspirates (NPA) for pathogens since the results
would not affect their medical management. From the availa-

ble NPA results, RSV was the most common pathogen causing
acute bronchiolitis in infants.

During the study period, the median (IQR) number of
daily acute bronchiolitis admission was 8 (5-10) (table 2). The
median (IQR) mean daily ambient temperature and mean rela-
tive humidity were 24.8°C (19.2°C-28.2°C) and 79% (74%-
86%), respectively. According to the results, acute bronchiolitis
was shown to exhibit seasonal pattern, with a major peak in
spring (February-April) which could attain >400 cases per
month, and a minor peak in late summer (September-October)
having around 250 cases per month (figure 1).

Figure 2A-D show the overall cumulative ARRs and percen-
tile specific (5th, 25th, 75th and 95th percentiles) ARRs of acute
bronchiolitis-related hospitalisation among children <2 years
old. The patterns of the overall cuamulative ARR for ambient
temperature and apparent temperature were similar, which
showed an overall increasing trend (figure 2A,B). For ambient
temperature, when the median (24.8°C) was taken as reference,
the overall cumulative ARRs at the 5th, 25th, 75th and 95th
percentiles were 0.990 (95% CI 0.721 to 1.361), 1.048 (95% CI
0.846 to 1.298), 1.034 (95% CI 0.904 to 1.182), and 1.108 (95%
CI 0.871 to 1.409), respectively; whereas for apparent tempera-
ture, when the median (23.6°C) was taken as reference, resulted
ARRs at the four percentiles were 1.005 (95% CI0.761 to 1.326),
1.044 (95% CI 0.873 to 1.247), 1.112 (95% CI 0.962 to 1.286),
and 1.323 (95% CI 1.011 to 1.731), respectively. It was found
that, at the 75th and 95th percentiles of both ambient tempe-
rature and apparent temperature, the ARRs were statistically
significant since lag 16-17 days.

For relative humidity (figure 2C), the overall cumulative
ARR was comparatively higher when relative humidity was low
compared with when it was high. When the median relative
humidity (79.0%) was taken as reference, the overall cumulative
ARRs at the 5th, 25th, 75th and 95th percentiles were 1.012
(95% CI 0.828 to 1.236), 0.987 (95% CI 0.901 to 1.080), 1.034
(95% CI 0.936 to 1.143) and 1.087 (95% CI 0.836 to 1.414),
respectively. A delayed effect of high relative humidity (95th
percentile) on the admission was evident: the estimated ARR
was <1 from the concurrent day up to lag 4 days and was >1
afterwards.

The adjusted association between vapour pressure and the
risk of acute bronchiolitis-related hospitalisation looked like a
combination of the association of ambient temperature and that
of relative humidity (figure 2D). Although the association appe-
ared to be flattened U-shape, the risks were relatively higher at
the higher end. Using median (24.7 hPa) as the reference value,
the overall cumulative ARRs at the 5th, 25th, 75th and 95th
percentiles were 1.056 (95% CI 0.851 to 1.311), 1.019 (95% CI
0.884t0 1.173),1.070 (95% CI 0.903 to 1.267) and 1.125 (95% CI
0.864 to 1.466), respectively. While at the 5th percentile, the risk
was relatively lower from the concurrent day to lag 3 days and
was relatively higher up to lag 17 days. At moderately high (75th
percentile) and very high (95th percentile) vapour pressures,
the association was more complicated. The estimated ARR was
>1 from lag 1 to 5 or 6 days as well as lag 15 days onwards, and
was statistically significant since lag 18 days.

Total rainfall did not show a statistically significant rela-
tionship with the risk of hospitalisation adjusted for other varia-
bles in the model (figure 3). Nevertheless, there was apparently
a harvesting effect at extreme rainfall (>38.8mm), at which the
risk was relatively higher during the first few lag days. We have
tested the robustness of different cut-off values for categorising
total rainfall and our results were not sensitive to the variation
(online supplemental appendix section B).

The overall cumulative effects and percentile-specific (25th,
50th, 75th and 95th percentiles) effects of the air pollutants on
acute bronchiolitis-related hospitalisation among children<2
years old are shown in figure 4A-D. High concentrations of NO,
were associated with elevated risks of acute bronchiolitis admis-
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Table 1 Characteristics of the 29 688 patient episodes

Variable N (%)

Admission 29 688
Emergency

Admission age, months
Mean (SD) 10.6 (6.6)
0-6 moths 10 247 (34.5%)
7-12 moths 9224 (31.1%)
13-18 moths 6116 (20.6%)
19-24 moths 4101 (13.8%)

Gestation age
Preterm (<37 weeks)
Full term (=37 weeks)

1145 (3.9%)
28 543 (96.1%)

Gender
Male 20 147 (67.9%)
Female 9541 (32.1%)
Race
Asian 26 418 (89.0%)
Non-Asian 452 (1.5%)
Unknown 2818 (9.5%)

Principal diagnosis

Acute bronchiolitis 27 009 (91.0%)

Pneumonia 837 (2.8%)
Acute respiratory disease 392 (1.3%)
Gastroenteritis 314 (1.1%)
Croup 281(0.9%)
Influenza 199 (0.7%)
Febrile convulsions 130 (0.4%)
Others for example, infection disease 526 (1.8%)
Length of hospitalisation (days)
Mean (SD) 3.7(12.6)
1 4815 (16.2%)
2 8312 (28.0%)
3 6180 (20.8%)
4 3760 (12.7%)
5 2301 (7.8%)
6 1532 (5.2%)
7 942 (3.2%)
>7 1846 (6.2%)
Unplanned readmission* 6383 (21.5%)
Death episode 10/23 305 (0.04%)
Viral agents

9695/22 011 (44.0%)
636/9607 (6.6%)
42416098 (7.0%)

Respiratory syncytial virus
Parainfluenzae
Metapneumovirus

Adenovirus 403/21 276 (1.9%)
Influenza A 71/6937 (1.0%)
Influenza B 18/6901 (0.3%)

Unplanned readmission is defined as any unscheduled emergency

admissions due to acute bronchiolitis.
sion. In particular, the overall cumulative risk of bronchiolitis
hospitalisation increased significantly when NO, was between
66.2 and 119.6 ug/m*. The overall cumulative ARRs at the 25th,
50th, 75th and 95th percentiles were 1.013 (95% CI 0.849 to
1.208), 1.038 (95% CI 0.831 to 1.297), 1.237 (95% CI 0.961 to
1.592) and 1.643 (95% CI 1.155 to 2.338), respectively. At high
concentration of NO,, the estimated risk was statistically signi-
ficantly higher after a lag of 2 weeks.

At very high concentrations of PM, , the estimated overall
cumulative adjusted risks tended to be higher than that at their
corresponding 5th percentile despite statistical insignificance.
For PM, , the overall cumulative ARRs at the 25th, 50th, 75th
and 95th percentiles were 1.084 (95% CI 0.916 to 1.282), 0.962
(95% CI10.730 to 1.267),0.793 (95% CI 0.572 to 1.099) and 0.756
(95% CI 0.522 to 1.094), respectively, and its effect appears to
be immediate but not long lasting: the risk on the concurrent
day was significantly higher at all percentile levels than if the
exposure level had been the fifth percentile. The ARRs on the
concurrent day at the four percentiles were 1.046 (95% CI 1.009
to 1.083),1.056 (95% CI 1.005 to 1.110), 1.063 (95% CI 1.001 to
1.128) and 1.072 (95% CI 1.000 to 1.150), respectively.
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For O,, the overall cumulative ARRs at the 25th, 50th, 75th
and 95th percentiles were 0.838 (95% CI 0.703 to 1.001), 0.934
(95% CI10.751t0 1.162),0.965 (95% CI 0.758 to 1.230) and 0.962
(95% CI 0.711 to 1.301), respectively, except for the 25th per-
centile the risk tended to be higher during lag 1-7 days and was
lower afterwards.

For SO,, the estimated ARR was above 1 when log(SO,) was
between 1.65 and 3.35, which was equivalent to the interval
5.21-28.5ug/m’ in the original scale. The overall cumulative
ARRs at the 25th, 50th, 75th and 95th percentiles were 1.083
(95% CI 0.916 to 1.279), 1.179 (95% CI 0.952 to 1.460), 1.234
(95% CI 0.955 to 1.596) and 1.065 (95% CI 0.740 to 1.534), res-
pectively. The patterns of ARR by lag at the four selected percen-
tiles were similar. The estimated ARR was greater than 1 across
lag 1-15 days.

Concerning model diagnostics, the adjusted R? of the pri-
mary model was 47.4%, and that of the two secondary models
with apparent temperature and vapour pressure were 48.0% and
47.2%, respectively. The absolute values of PACFs of the residu-
als for the first 30 lags were all <0.1. In the sensitivity analyses,
reducing the annual number of df for calendar time from 7 to 6
had the largest effect on the results (online supplemental appen-
dix section C and D).

DISCUSSION

To our knowledge, few studies have investigated the short-term
effects of meteorological variables and outdoor air pollution on
acute bronchiolitis admissions in subtropical settings. In this
study, a total of 29688 emergency paediatric acute bronchiolitis
admissions from all Hong Kong public hospitals over a 10-year
period were analysed and studied whether they were associated
with meteorological variables and outdoor air pollutants. Our
results showed that increased acute bronchiolitis-related hospita-
lisation was associated with high temperature (ie,ambient tempe-
rature and apparent temperature), and was marginally associated
with absolute humidity. Although the result is generally in line
with the study from Mékinen et al*®, which showed an increasing
trend in the risk of LTRIs when temperature and absolute humi-
dity increased, we acknowledge that an effect of high temperature
on bronchiolitis has not been well established in the literature.
An investigation conducted in Malta suggested that majority of
bronchiolitis-related hospital admissions occurred in winter in
subtropical region,” while another study conducted in China
indicated that ambient temperature was negatively correlated
with bronchiolitis-related hospitalisations among children.* Yet,
by now, there has not been much consensus within the field on
‘risky’ temperature range for acute bronchiolitis. This was simi-
lar with another study on pneumonia in children aged <5 years
old where the temperature effect was inconsistent.”* Apart from
that, a large proportion of admissions for LRTI (many of which
were attributed to RSV) was shown to be independently asso-
ciated with absolute humidity in children in northern Spain.”
Nevertheless, only limited literatures have documented the asso-
ciation between absolute humidity and acute bronchiolitis-related
or RSV-related admissions, especially when compared with other
respiratory infections such as influenza.* *

Among the air pollutants, high level of NO, was associated
with increased risk of acute bronchiolitis admission and the ove-
rall effect became statistically significant over the range 66.2-
119.6ug/m’® when compared with value at the 5th percentile. NO,
is a common outdoor air pollutant primarily produced by motor
vehicles and power plants as a byproduct of hightemperature
combustion. At ambient pressure and temperature, NO, exists in
its gaseous state and is relatively insoluble in water. These proper-
ties allow deeper penetration of NO, into the respiratory tree (e,
the lower respiratory tracts) where it would react with water from
mucosal lining of the bronchioles and form corrosive chemicals
including nitric and nitrous acids.” The nitrous vapour could
cause microlesions in the respiratory tract and increase suscepti-
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Table 2 Multiple logistic regression model incorporating seropositivity at time of study as the dependent variable and age, sex, ethnicity,
Index of Multiple Deprivation score and department in which participants worked at the time of the study as independent variables

Variable Unadjusted OR 95%IC PValue z Unadjusted OR 95% IC PValue z

Age - - - 0.98 0.96 to 1.00 0.60 0.55
Sex (female) 1.54 0.94 to 2.56 0.09 1.72 1.49 0.811t02.83 1.79 0.07
Ethnicity (BAME) 1.58 1.01 to 2.49 0.05 1.97 1.92 1.14103.23 1.26 0.01
Index of Multiple Deprivation score - - - 0.99 0.7410 1.32 2.46 0.95
Acute medicine 1.60 0.76 t0 3.37 0.24 1.17 0.99 0.34 10 2.86 0.01 0.99
Emergency department 0.47 0.10to0 1.81 0.31 1.01 0.36 0.05to 1.69 1.19 0.23
Estates 0.61 0.18 to 2.00 0.43 0.78 0.57 0.11102.29 0.75 0.45
General internal medicine 1.45 0.89t02.32 0.13 1.52 0.93 0.421t02.12 0.17 0.86
General surgery 0.45 0.14t0 1.37 0.19 1.30 0.24 0.03 to 1.05 1.71 0.09
Facilities 0.71 0.29t0 1.63 0.41 0.81 0.52 0.15t0 1.60 1.10 0.45
Housekeeping 1.68 0.79 t0 3.62 0.19 1.30 1.01 0.31t03.09 0.02 0.99
Intensive care 0.50 0.24t0 1.01 0.06 1.87 0.28 0.09t00.78 2.37 0.02
Obstetrics and gynaecology 1.34 0.63 t0 2.71 0.44 0.78 0.85 0.30t0 2.39 0.30 0.77
Research and development 0.71 0.33t0 1.50 0.38 0.88 0.44 0.15t0 1.22 1.54 0.12

Unadjusted OR and adjusted OR following multiple logistic regression are presented. OR presented for individual hospital departments represents the odds of seropositivity for
individuals working in that department compared with not working in that department. Statistically significant OR are in bold (p<0.05)

The area under the receiver operating characteristic curve of this model was 0.675 (95% C10.619 to 0.732, p<0.0001).

BAME, Black, Asian and minority ethnic.
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Figure 1 Seasonal variation in the weekly numbers of acute bronchiolitis-related admissions, meteorological parameters (monthly average ambient tempe-
rature, apparent temperature, relative humidity, vapour pressure and total rainfall), and air pollution level (monthly average nitrogen dioxide (NO,), ozone (0,),
sulphur dioxide (SO,), and PM, ) in Hong Kong during 2008 to 2017.
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Figure 3  Adjusted cumulative relative risk along lags and adjusted relative risk by lag at selected percentiles against total rainfall. The reference

value for a comparison was set to zero.

bility to infections, including those caused by RSV.** According to
a recent large birth cohort study conducted in Indonesia among
children aged 0-3 years, an IQR increase in NO, exposure would
increase the risk for acute respiratory tract infection by an esti-
mated 18%.34 With reference to the WHO guideline for air qua-
lity, the annual mean level of NO, should not exceed 40 pg/m?*.'¢
During our study period, the median (IQR) daily mean NO, level
was 49.4 ug/m’® (39.6 to 62.5ug/m?), and in 1770 days (48.5%)
it exceeded the WHO’s annual safe level."” Considering the afo-
rementioned, it is thus very important for Hong Kong to adopt
sustainable clean air policies as soon as possible to protect young
children’s health. Regarding the sustained effect of NO, observed
in our study, we tend to interpret the findings from toxicological
perspectives. Seaton and Dennekamp?® proposed the epidemio-
logical association between illness and NO, might be confounded
by particles number. Given the toxic effects of ultrafine particles
has been evident at low concentrations in animals, we speculate
the delayed effect of NO, might actually be the cumulative effect
of successive exposure to ultrafine particles.”® Follow-up studies
should be conducted to test and verify this speculation.

A number of studies have been showing that exposure to PM
would increase the risk of respiratory infections and other illnes-
ses.”” %7 In an investigation conducted in the USA, Karr et al”
found both chronic and subchronic exposures to PM, , were asso-
ciated with elevated risk of bronchiolitis hospitalisation in infants
(ie, around a 9% increase in risk for every 10 pg/m?’ increase in
PM, ). PM, was found to be related to bronchiolitis consultation

and hospitalisation in both Malaysia and France.***” We found a
significant positive effect of PM,  on acute bronchiolitis admis-
sions only within a short time window, suggesting that most of
the effects of PM, were acute. This might explain why we did not
find cumulative effects of PM, over 21 days. One possible reason
might be the relatively low PM  concentration in Hong Kong (ie,
43.2 pg/m?) as compared with the WHO guideline level of 50 pg/
m’ for 24hours mean. At low concentration, the adverse effect of
PM,  on pulmonary health might not be clinically severe enough
to cause hospitalisation, which might also explain why we could
not find a cumulative effect of PM  on bronchiolitis hospitalisa-
tions. Given that PM_, has the ability to go even deeper into the
lungs than PM does,and furthermore to enter the blood system,
the damaging effect of PM, _ on respiratory health might be stron-
ger than that of PM at low concentrations. It is thus speculated
that replacing PM, with PM_ , might be a better way to explore
the overall cumulative risk of exposure to particular matters on
acute bronchiolitis hospitalisation. Further research is needed to
verify this hypothesis.

Similarly, no positive association was observed between O,
and acute bronchiolitis admission. In a recent study, a 20-ppb
increase in O, was associated with a significant increase in emer-
gency department visits for respiratory conditions (by 1.7%-
5.1%).38 Children exposed to high ozone levels had significantly
decreased lung function, which may have reduced their defence
against viral infections (eg, RSV) and increased their susceptibi-
lity to bronchiolitis.” Nevertheless, it was argued that O, could
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Figure 4 Overall cumulative adjusted relative risk along lags and adjusted relative risk by lag at selected percentiles against different pollutants,

including (A) NO,, (B) PM, , (C) O,, and (D) SO The reference values for comparison were their corresponding 5th percentile.
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reduce the risk of respiratory infection that might be attributed to
the virucidal activity of O, and its relationship with host defence.*

The present study has several potential limitations. First,
acute bronchiolitis is a clinical diagnosis, and therefore subject
to variation among public hospitals due to differences in the
availability of virus testing, differences in the diagnostic crite-
ria used by doctors to diagnose bronchiolitis, and differences in
coding practices. It is thus possible that acute bronchiolitis might
be coded in the medical record system as other respiratory con-
ditions. Meanwhile, criteria adopted in determining the need for
hospitalisation changes over time. That being so, we might have
underestimated the frequency of acute bronchiolitis hospitalisa-
tion in our study. Nevertheless, since over 90% of admissions in
our dataset were principally diagnosed with acute bronchiolitis,
our results shall remain robust (table 1). Second, this study used
surveillance data in public hospitals which does not include data
from private hospitals. However, the public healthcare services
accounted for over 90% inpatient services in Hong Kong. Third,
exposure measurement error is a common concern in environ-
mental epidemiology, especially when studying the short-term
impacts of environmental variables, given that meteorological
condition and air pollutant levels change across time and space.
For example, a child might be exposed to more air pollutants
if she/he has smoking parents and lives in a household with
24 hours air conditioning that located close to busy roads. The
error in exposure measurement might lead to inaccurate estima-
tion of relative risks which, unfortunately, can hardly be avoi-
ded. Fourth, the increased incidence rate observed in this study
might be affected by residual confounding. Unmeasured factors,
such as parental smoking status, household crowding, indoor
metrological condition (eg, temperature, relative humidity and
air movement) and indoor air pollution (eg, NO,, PM, , PM,
0,, formaldehyde, volatile organic compounds, radon and air-
borne bacteria level) could be potential confounders and/or effect
modifiers that might distort the results of the study. Fifth, given
that different pathogens prefer different environment for survival
and transmission,? the findings of our study may not be con-
sistent with results from pathogen-specific (eg, RSV, influenza,
etc) analyses of acute bronchiolitis. We acknowledge the lack of
information about pathogen causing the admissions is one of the
main limitations in this study. Also, as RSV infection is a major
determinant for acute bronchiolitis hospitalisation in children,
we took the incubation period into account in addition to the
symptomatic period and assumed a maximum lag of 21 days for
the delayed effects in our study. Our results may thus be less com-
patible with other similar investigations that generally studied
the short-term effects of pollutants using a shorter maximum lag
(eg, 3-7 days). Last but not least, interaction effects between the
meteorological factors and pollutants were not considered in this
study. Our preliminary analysis has shown that although the inte-
raction effects were not strong in general, when meteorological
factors were at medium level and pollutants were at medium or
high level, their joint effects on the outcome were usually statisti-
cally significant (detailed results not given), hence worth further
investigation in future studies.

In conclusion, our findings showed that high temperature
(ambient temperature and apparent temperature) and exposure
to NO, and PM,  were associated with acute bronchiolitisrelated
hospitalisation among children at different lag times. The sig-
nificant relationship with pollutants suggests the need to adopt
sustainable clean air policies in Hong Kong, especially to target
pollutants produced by motor vehicles, to protect young children’s
health. Since acute bronchiolitis continues to be a public health
burden on the already-stressed healthcare system, policy-makers
are urged to develop more cost-effective approaches to manage
acute bronchiolitis in children. We believe that our findings

could rationalise an evidence-based allocation of resources and
formulation of environmental policies to minimise the burden
of disease associated with acute bronchiolitis in young children.
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Variabilidade de noite para noite de eventos respi-
ratorios na apneia obstrutiva do sono: uma revisao
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RESUMO

Contexto F pratica corrente utilizar-se um Gnico estudo
do sono para o diagnostico da apneia obstrutiva do sono
(AOS). No entanto, verificou-se uma variabilidade signifi-
cativa de noite para noite (VSNN) de eventos respiratdrios.
Métodos Avalidmos a VSNN de eventos respiratérios
em adultos com suspeita de AOS ou AOS diagnosticada
que foram submetidos a mais do que um estudo do sono.
As fontes de dados foram as bases de dados PubMed,
Cochrane e Embase, até 23 de janeiro de 2019. Foram uti-
lizados modelos de efeitos aleatérios para a sintese das evi-
déncias. Para analise do moderador, realizou-se uma analise
de regressao de efeitos mistos. O estudo foi registado com
PROSPERO (CRD42019135277).

Resultados Dos 2143 artigos identificados, foram inclui-
dos 24 estudos, compreendendo 3250 participantes. A dife-
renca média do [ndice de Apneia-Hipoapneia (IAH) entre
a primeira e a sequnda noite foi de -1,70/hora (95% IC
-3,61 2 0,02). As diferencas de periodo REM (da primeira
para a sequnda noite) foram significativamente positivas e
associadas a diferencas na média do IAH (coeficiente 0,262
(95% 1C 0,096 a 0,428). Em média, 41% (95% IC 27% a
57%) de todos os participantes apresentaram alteracdes de
eventos respiratorios >10/hora de uma noite para a outra.
Adicionalmente, 49% (95% IC 32% a 65%) dos partici-
pantes mudaram a classe de gravidade da AQS (limiares
de gravidade de 5/hora, 15/hora e 30/hora) pelo menos
uma vez em estudos de sono sequenciais. Dependendo
do limiar de diagnéstico (5/hora, 10/hora ou 15/hora), em
média 12% (95% 1C 9% a 15%), 12% (95% IC 8% a 19%)
e 10% (95% IC 8% a 13%) dos doentes, respetivamente,
ndo teriam sido diagnosticados durante a primeira noite em
caso de teste noturno Unico.

Conclusdo Embora ndo se tenha verificado uma diferenca
significativa entre a média de IAH nas duas noites sequenciais
de estudo a nivel de grupo, verificou-se uma notavel VSNN de
eventos respiratdrios entre os sujeitos conducente a diagnés-
tico e classificacdo erradas de doentes com suspeita de AOS.

INTRODUCTION
Obstructive sleep apnoea (OSA) is a common form
of sleep-disordered breathing affecting up to 23.4%
of middle-aged women and 49.7% of middle-aged
men." OSA is characterised by recurring episodes
of partial or complete collapse of the upper airway
during sleep, resulting in intermittent hypoxia, frag-
mented sleep, fluctuations in blood pressure and
increased sympathetic nervous system activity.?
Current guidelines recommend to perform a
single-night polysomnography (PSG) or home sleep
apnoea testing (HSAT) in uncomplicated patients with
clinically suspected OSA.?> The ApnoeaHypopnoea
Index (AHI) provides the number of obstructive res-
piratory events of the upper airway per hour and is the
main sleep study parameter used to diagnose or exclude
OSA and to define disease severity. There is a consi-
derable number of studies assessing night-to-night
variability (NINV) of respiratory parameters like AHL*
Oxygen Desaturation Index (ODI)® or Respiratory
Disturbance Index (RDI).® While some studies repor-
ted only mild NtNV of respiratory events,’” others sug-
gested high variability raising the question whether a
singlenight sleep study is inaccurate for diagnosis and
treatment recommendations.® There are conflicting

What is the key question?

» Is there evidence for night-to-night varia-
bility of respiratory events in patients with
obstructive sleep apnoea (OSA)?

What is the bottom line?

» Although there is no evidence for a rele-
vant night-to-night variability of respi-
ratory events on a group level, there is a
remarkable intraindividual night-to-night
variability among OSA patients affecting
diagnostic accuracy and treatment deci-
sions.

Why read on?

» This is the first comprehensive systematic
review and meta-analysis summarising
every available evidence about a topic of
high clinical relevance in sleep medicine

data regarding intraindividual variability of respiratory
parameters from night to night, which reported missed
OSA diagnosis in 0%-55% of patients comparing one
versus multiple sleep studies.®

Undiagnosed and untreated OSA is associated with
daytime sleepiness, decreased quality of life, increased
risk for motor vehicle accidents, hypertension and pos-
sibly cardiovascular events - particularly stroke.?''"* In
addition, the costs for diagnostic evaluation for OSA as
well as for undiagnosed OSA are substantial,' making
a better understanding of NtNV of respiratory parame-
ters imperative. There is also an increasing number of
intervention studies in the field of OSA research which
assess the effect of pharmacological or device-based
interventions on respiratory parameters.”” The natural
course of respiratory parameters from night to night
should be considered in the design of interventional
studies. However, solid evidence on NtNV is missing.

Several pathomechanisms and clinical pre-
dictors of increased NtNV of respiratory parame-
ters have been discussed so far. Numerous studies
demonstrated an association between the extent of
NNV of respiratory parameters and the severity of
OSA.1*18-21 Sleep position and sleep stage could play
an important role, since supine position and rapid
eye movement (REM) sleep reduce the effectiveness
of compensatory mechanisms to counteract upper
airway collapse in OSA.* While nasal congestion'’
and states of increased body fluid® have been repor-
ted to rise NtNV, sex,?* body mass index (BMI),* and
age®had no influence in previous studies.

We conducted a systematic review and meta-
analysis to summarise all available evidence about
NNV of respiratory events in patients with suspected
or diagnosed OSA. Our methods also allowed us to
explore possible moderators that could have influen-
ced this variability. To our knowledge, this is the first
comprehensive review addressing this important
topic in sleep medicine.
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METHODS

SEARCH STRATEGY AND SELECTION CRITERIA

We evaluated the NtNV of respiratory events in adults with suspected
or already diagnosed OSA who underwent more than one diagnostic
sleep study. The studies were identified through a search of PubMed,
Cochrane and Embase by a medical data analyst specialised in syste-
matic literature search. We also searched the ClinicalTrials.gov regis-
try. The appendix provides all prespecified search terms used for each
electronic database (online supplementary appendix table S1). We
included articles in English, German and French. We also hand sear-
ched bibliographies of eligible papers to detect literature that might
have been missed by the electronic database search (online supple-
mentary appendix table S1). Two independent researchers separately
assessed eligibility of the studies (MR and MB).

We included every prospective and retrospective study published
before the 23 January 2019 that assessed NtNV of respiratory para-
meters in OSA if they: were original articles published in a journal;
measured and reported variability of respiratory parameters (AHI,
ODI or RDI) while off any OSA treatment; used an observational
or interventional study design, the latter reporting NtNV of respi-
ratory sleep parameters data of the control arm; provided data deri-
ved from PSG, respiratory polygraphy or a validated HSAT device
(inclusive pulse oximetry); and provided data of at least two sleep
studies. Studies were excluded if they: were case reports; included
patients with only self-reported OSA; used non-validated devices to
assess NtNV of respiratory sleep parameters; did not use the same
diagnostic device within the same trial or reported time spans greater
than 6 months between sleep studies. Only study reports on humans
aged =18 years were considered eligible. We used only data reported
in the articles and did not contact the authors for missing informa-
tion because such data cannot be verified by the readers. In case of
disagreement between the ratings of the independent researchers,
consensus was reached by discussion or by a third researcher (MK).

DATA ANALYSIS

From every eligible study, two investigators (MR and MB) indepen-
dently extracted all predefined data, using a standardised electronic
spreadsheet according to the study protocol. Descriptive statistics
were calculated on study level, that is, studies reporting on more than
one study arm were entered only once. Publication year was given as
range. All other continuous variables (eg, mean BMI or mean age)
were reported with mean and SD. The number of patients was given
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Figure 1 Flow diagram of the studies included in the review and meta-a-
nalysis. n, number of studies; NtNV, night-to-night variability; OSA, obstructive
sleep apnoea; PSG, polysomnography.

Table 1 Characteristics of the 24 included studies

No of included studies 24
No of analysed participants per study (median (IQR)) 44,0 (21.5-85.8)
Female (%, (SD)) 29(13.2)
Average age, years (mean (SD)) 50 (13.2)
Average BMI, kg/m? (mean (SD)) 31.2(3.1)
Average ESS, points (mean (SD)) 11.8(2.4)
Total sleep time first night, min (mean (SD)) 358.2 (53.8)
Total sleep time second night, min (mean (SD)) 379.6 (40.8)
Total sleep time diff. first to second, min (mean (SD)) -21.3(22.8)
REM time first night, min (mean (SD)) 71.8(35.2)
REM time second night, min (mean (SD)) 72.4(22.2)
REM time diff. first to second, min (mean (SD)) —0.6 (18.5)
Prospective study design, n (%) 16 (66.7)
Multicentric, n (%) 6 (25%)
In-laboratory PSG, n (%) 15 (62.5)
At-home PSG, n (%) 2(8.3)
In-laboratory respiratory polygraphy, n (%) 1(4.2)
Home sleep apnoea testing, n (%) 5(20.8)
Pulse oximetry, n (%) 1(4.2)
>2 nights recording, n (%) 8(33.3)
Average no of recording nights (mean (SD)) 3.2(2.6)
Maximum days between recording nights (mean (SD)) 11.2(2.4)
No of studies reporting on AHI, n (%)* 22 (91.7)
No of studies reporting on ODI, n (%) 1(4.2)
No of studies reporting on RDI, n (%) 1(4.2)

*One study reported Al instead of AHI.

AHI, Apnoea-Hypopnoea Index; BMI, body mass index; diff, difference; ESS, Epworth Sleepiness Scale;
0D, oxygen desaturation index; PSG, polysomnography; RDI, respiratory disturbance index; REM, rapid
eye movement.

as median and IQR because patient numbers varied considerably
between studies. Categorical variables on study level (eg, sex) were
presented as numbers and percentages of total.

The outcome measures of this study included the assessment of
NNV of respiratory events reported on a group - or intraindividual
level. The meta-analysis of the mean AHI difference between the
first and second sleep study in the same participants was the main
outcome of this study. A subgroup analysis analysed the differences
in AHI values for in-hospital and home sleep studies. In those publi-
cations where mean and SD of AHI values were not reported, but
instead median and IQR were reported, a formula proposed by Wan
et al’® was used for recalculation of mean and SD. If AHI values were
reported in subgroups, the total mean and SD was calculated with
weighted means.? AHI differences between two study nights other
than between the first and the second study night were not analysed.

The intraindividual variability was addressed in the secondary
outcomes as followed: we performed a meta-analysis of the propor-
tion of patients having changed their OSA severity class, with severity
thresholds of 5/hour, 15/hour and 30/hour. If more than two sleep
studies were reported, we used the first night as reference to describe
the following changes over multiple nights. The analysis was three-
fold: (1) the proportion of patients with a general change in severity
class in any direction was metaanalysed (treat the worst approach).
Then, the proportion of patients changing into a (2) less severe OSA
class or patients changing into a (3) more severe OSA class was meta-
analysed. Furthermore, we meta-analysed the proportion of patients
for whom an OSA diagnosis would have been missed in the first sleep
study using three different AHI thresholds for OSA diagnosis (=5/
hour, 210/hour and >15/hour). Additionally, we performed a meta-
analysis on the reported proportion of patients with AHI changes
higher than 10 between multiple sleep studies.

For the primary outcome assessment, mean differences between
first and second night were meta-analysed assuming the correla-
tion between repeated measurements to be 0.5 in the same patients
across two nights. This assumption and its effect on the results was
addressed in a sensitivity analysis, in which we let the correlation vary
between 0.4 and 0.6. Furthermore, a sensitivity analysis was conduc-
ted, in which for the primary outcome, the summary estimate was
obtained while excluding studies with high risk of bias.

For all binary outcomes, meta-analyses of proportions were cal-
culated by dividing the number of patients with a certain condition by
the total number of patients analysed. For pooling, logit transformed
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Figure 2 Forest plot of mean AHI change between the first and the second
night. Kendall's t=—0.265, p=0.151. AHI, Apnoea-Hypopnoea Index; HSAT,
home sleep apnoea testing; n, number of analysed patients; PSG, polysom-
nography; p, prospective study design; Q, Cochrane’s Q test; R, retrospective
study design; RE, random-effect; RP, respiratory polygraphy; Wittig a., part of
the study by Wittig et a/*' referring to a subgroup of patients showing more
than 100 apnoeas; Wittig b., part of the study by Wittig et a/*' referring to a
subgroup of patients showing less than 100 apnoeas; Y, year.

proportions were used, with subsequent backtransformation to the
original scale. Meta-analyses were carried out if at least three studies
reporting on the same outcome could be identified. We used random
effects models for all meta-analyses.”’

A prespecified list of moderators was evaluated one at a time
regarding their effect on the estimated difference between the first
and second sleep study with respect to AHI using mixedeffects meta-
regression methods.” The list of moderators included the variables
sleep study location, study design, difference in total sleep time from
first to second night, difference in total REM time between first and
second night, BMI, percentage of female sex, mean age and mean
AHI in first night.

The test statistic and the p value of Cochrane’s Q test were reported
for all meta-analyses, assessing whether residual heterogeneity was lar-
ger than would have been expected based on sampling variability alone.
A p<0.05 of the heterogeneity tests suggested that there was evidence
for heterogeneous outcomes. In each of the meta-analyses, we calcula-
ted Cochrane’s Q test for heterogeneity with the corresponding p value,
total heterogeneity over total variability (I?), and total variability over
sampling variability (H?). Finally, to address funnel plot asymmetry, a
rank correlation test was used, as proposed by Begg and Mazumdar.®

All analyses were carried out with R (R Core Team (2019)),
V.3.6.0,and meta-analyses were carried out with the R package meta-
for. Bias assessment was performed independently by two authors
(TG and ST) using the National Institutes of Health’s study assess-
ment ‘Quality of Observational Cohort and Cross-Sectional Studies.?
Disagreements in bias assessment between investigators were resol-
ved by discussion and consensus. Reporting of the study was per-
formed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses checklist® and MOOSE (meta-analysis
of observational studies in epidemiology)*' guideline (online supple-
mentary appendix table S10 and S11).

RESULTS

The systematic search identified 2142 manuscripts. After dedupli-
cation, two independent researchers (MR and MB) assessed 1232
studies for eligibility and ultimately included 24 studies,** %324
comprising 3250 participants (2446 analysed), for review and meta-
-analysis (figure 1). Subsequently, 16 and 19 studies underwent quan-
titative analysis regarding group mean changes and intra-individual
variability of respiratory events from night to night, respectively.
Demographic characteristics of included patients and methodologi-
cal features of included studies are presented in table 1.

While 14 studies were prospective observational studies, eight
followed a retrospective observational design and two were randomi-
sed controlled trials reporting only data from the control group. The
number of participants analysed in the original study ranged from 15
to 1091 patients. On average, participants were mean (SD) 50 years
(13.2) old and obese (mean (SD) BMI of 31.2kg/m? (3.1)). They pre-
sented with increased subjective daytime sleepiness (mean (SD) ESS
11.8 (2.4)) and the majority were men. Further information about the
study populations on study level are available in the appendix (online
supplementary appendix table S3-S7). In 17 studies, PSG devices
were used to assess NtN'V and eight studies recorded more than two
nights. All sleep study-related information—for example, used recor-
ding device, used scoring guidelines and time spans between sleep
studies—are available in the online supplementary appendix table S8.

Sixteen studies reported data of mean AHI in two sleep studies.*
6891923333538 3941-4345-47 On average, AHI values were lower in the first
night as compared with the second night with an estimated mean
change of —1.70/hour (95%CI —3.61 to 0.20) (figure 2). There was no
evidence that this effect was different from zero. Heterogeneity was
large in this meta-analysis, as indicated by a large 12 value (84.2%)
and also by a small p value in the Cochrane’s Q test (p<0.001). The
assumed correlation between the first and the second night in the
same patients was 0.5 for this analysis. In a sensitivity analysis, the
correlation was allowed to vary between 0.4 and 0.6, to assess whether
the results would be robust to changes in the assumed correlation.
The results were —1.73/hour (95%CI —3.67 to 0.22) for an assumed
correlation of 0.4 and —1.68/hour (95%CI —3.54 to 0.18) for an assu-
med correlation of 0.6. Therefore, we conclude that the results can
be considered robust. The risk of bias assessment resulted in three
studies with high risk of bias. For the summary estimate of the pri-
mary outcome, two of these studies were originally included. The
sensitivity analysis of the summary estimate without these two studies
resulted in an estimate of —1.78, with 95%CI —3.89 to 0.34, indicating
robustness of the results (online supplementary appendix figure SI).

The subgroup analysis between different sleep study locations (ie,
in hospital vs at-home) revealed that mean AHI differences between
two sleep studies were greater in the in-hospital setting (mean change
-2.33 (95% CI —4.77 to 0.12) than in the at-home setting where it
was —0.20 (95% CI —1.19 to 0.79) (online supplementary appendix
figure S2 and S3).

Of all moderators analysed, only for REM sleep differences (1st-2nd
night), there was evidence for an association with mean AHI differen-
ces between two nights (f coefficient 0.262 (95% CI 0.096 to 0.428)).
Even though the sleep study location in the hospital showed a clinically
relevant negative association with mean AHI differences (B coefficient
—2.386 (95% CI -6.671 to 1.900)), statistical significance was not reached.
Since only a limited number of studies reported data on sleep position
and total sleep time, these possible moderators were not included in
moderator analysis. Table 2 lists the results of all evaluated moderators.

Table 2 Moderator analysis

Moderator Beta coefficient 95%Cl low
Average age, years 0.012 -0.112
Female (yes/no) -0.004 -0.146
Average BMI, kg/m? 0.861 -0.095

AH first night (/hour) 0.023 -0.143
Location: in-hospital (yes/no) -2.386 6.671
Prospective study design (yes/no) -2.289 6.048

Total sleep time diff. 1st-2nd (min) 0.022 -0.107

REM time diff. 1st=2nd (min) 0.262 0.096

Association between moderators and mean AHI 1st-2nd night.

95%Cl high PValue No of studies
0.14 0.83 16

0.137 0.952 15

1.817 0.078 12

0.188 0.79 17

1.9 0.275 17

1.471 0.233 17

0.151 0.736 9

0.428 0.002 7

AHI, Apnoea-Hypopnoea Index; BMI, body mass index; diff, difference; RDI, Respiratory Disturbance Index; REM, rapid eye movement.
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Figure 3 Forest plot of proportion of patients showing a change of respi-
ratory parameters (AHI, ODI) of more than 10/hour in any direction among
sequential measurement nights. Kendall's ©=0.224, p=0.296. AHI, Apnoea-
Hypopnoea Index; HSAT, home sleep apnoea testing n=number of analysed
patients; ODI, oxygen desaturation index; PSG, polysomnography; p, pros-
pective study design; Q, Cochrane’s Q test; R, retrospective study design; RE,
random effect; RP, respiratory polygraphy; Y, year.

Nineteen studies reported on intraindividual NtNV of respiratory
events in multiple study nights:** 2332342434647 13 studies reported
an proportion of 41% (95% CI 27% to 57%) of patients presenting
changes of respiratory events (AHI, ODI or RDI) greater than 10/
hour from night to night (figure 3). Six studies reported the propor-
tions of patients that changed OSA severity class (thresholds at 5/
hour, 15 hours and 30/hour) during multiple nights of apnoea testing.
On average, 49% (95% CI 32% to 65%) of the patients changed seve-
rity class at least once (online supplementary appendix figure S4). As
presented in figure 4, studies using multiple sleep nights presented
higher proportions of patients changing severity class. In addition, six
studies provided data about the direction of severity class change—
that is, towards an improvement or a worsening—in sequential nights
(online supplementary appendix figure S5). While 15% (95% CI 12%
to 20%) of participants changed into a less severe class, 18% (95%
CI 13% to 26%) changed into a more severe OSA class after the first
study night. There are several studies reporting on OSA diagnoses
that would have been missed in the first sleep study using different
thresholds (5/hour, 10/hour and 15/hour) (figure 5). Overall, across
all thresholds the proportions were between 10% and 12%, roughly
below 20% with their upper confidence limits. The studies showed
larger heterogeneity for the thresholds of 5/hour and 10/hour when
compared with a threshold 15/hour. We found no evidence for funnel
plot asymmetry in any of the meta-analyses (all p>0.05).
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Figure 4  Scatter plot of six studies showing the proportion of patients

changing OSA severity class in any direction as a function of the number
of measurement nights. OSA, obstructive sleep apnoea.

The quality assessment revealed that most of the included studies
were empirical and only one study reported an a priori sample size
justification for the presented hypothesis. Outcome assessors were
blinded in 29.2% of all studies. As expected, the scoring of the out-
come was heterogeneous, as 38% of studies scored their sleep data
according to the Rechtschaffen and Kales criteria, 28% according to
the AASM guidelines and 34% according to other criteria. Only six
studies considered the influence of medication and alcohol on NtNV.
For further details, see online supplementary appendix table S9.

DISCUSSION

To the best of our knowledge, this is the first comprehensive systema-
tic review to investigate NtN'V of respiratory events in repeated sleep
studies in patients with suspected or diagnosed OSA. While the NINV
of respiratory events reported on a group level was rather small, the
meta-analysis revealed a remarkable intraindividual variability of res-
piratory parameters leading to high rates of missed OSA diagnosis
and severity class changes from night to night. REM time differences
might play an important role in the mechanism of the observed varia-
bility of respiratory events.

Our meta-analysis suggests that the number of respiratory events
in two sequential sleep studies might not statistically differ on a group
level. This might be attributable to a dilution of NtNV by the pre-
sence of both, patients who showed a lower AHI in the first night
and patients who showed a higher AHI in the first night. We found
the mean AHI to be higher in the second night, thereby contradic-
ting those studies, which highlighted higher average respiratory event
rates during the first night.*** Our results confirm the findings of
the only other meta-analysis available regarding NtNV of respira-
tory parameters.’ The task force of the AASM guidelines performed
a meta-analysis of only four observational studies assessing NtNV
of AHI in two consecutive PSGs. They found the mean difference
between two sleep studies to be 0.14 (95% CI —1.86 to 2.15) which
was neither statistically nor clinically relevant. It is to mention that
the AASM meta-analysis results are relevantly driven by a study that
used at least two different PSG devices within the diagnostic process,
which could have been a possible confounder. Although we inclu-
ded studies that used also nonconsecutive sleep study protocols and
HSAT devices to measure respiratory parameters, the range of the
confidence intervals between both meta-analyses were similar.

Our data suggested REM differences to be significantly associated
with mean AHI differences in two sequential sleep studies. A majority
of studies performing sequential, in-laboratory PSGs reported signs
of classical ‘first night effects)® > 243?*® characterised by a reduction
in REM sleep and total sleep time, reduced sleep efficacy, increa-
sed wake time after sleep onset and longer REM latency in the first
night.* These sleep architecture

changes are assumed to be interconnected to the subjects” habi-
tuation process to the laboratory conditions.” Thus, the increased
mean AHI difference in in-hospital sleep studies, observed in our
meta-analysis, might also be explained by sleep architecture impair-
ments amplified by a foreign sleep environment. Nevertheless, since
the observed in-hospital AHI differences did not reach statistical sig-
nificance on a group level, this assumption remains speculative. In
contrast to several papers included in this review,” ¥ OSA severity
showed no influence on NtNV of respiratory events on a group level.
Based on the individual patient data, Stoberl et al® reported the ODI
variability to be the higher between ODI 10 and 30 events per hour
compared with severe OSA. This association can easily be overseen
on a metalevel. Nevertheless, this systematic review and meta-analy-
sis was not supposed to be an individual patient data meta-analysis.

Although we could not demonstrate clinically relevant NtNV
between two sequential nights on a group level, our data suggested sig-
nificant intraindividual variability of respiratory events. As such, nigh-to-
night changes of respiratory parameters (AHI, ODI or RDI) higher than
10/hour were observed in 41% of the patients. Moreover, this intrain-
dividual NtNV happens to be responsible for OSA severity class chan-
ges in up to 49% of patients with suspected OSA. Up to 12% of patients
might have been missed with a single night measurement, depending
on the applied AHI threshold. Considering that the study participants
were symptomatic with an average ESS of 11.8, these data suggested that
more than 1 in 10 patients would not have got access to therapy for symp-
tomatic OSA based on a diagnostic workup using only one sleep study.
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Figure 5 Forest plot of proportion of patients that would have been missed in the first study night due to single-night testing. AHI 5/hour: Kendall's t=—0.180,
p=0.435, AHI 10/hour: Kendall's t=0.133, p=0.510, AHI 15/hour: Kendall's t=—0.200, p=0.484. AHI, Apnoea-Hypopnoea Index; HSAT, home sleep apnoea
testing; n, number of analysed patients; PSG, polysomnography; p, prospective study design; Q, Cochrane’s Q test; Quan a., part of the study by Quan et af°
referring to data obtained with an RDI including the number of apnoeas plus hypopnoeas each associated with at least a 3% desaturation, Quan b.=part of the
study by Quan et al° referring to data obtained with an RDI including the number of apnoeas plus hypopnoeas each associated with at least a 4% desaturation,
Quan c., part of the study by Quan et al® referring to data obtained with an RDI including the number of apnoeas irrespective of any oxygen desaturation plus
the number of hypopnoeas associated with at least a 4% desaturation, R, retrospective study design; RE, random effect; RP, respiratory polygraphy; Y year.

The AASM taskforce also meta-analysed the intraindividual variabi-
lity of AHI reported in three observational studies assessing the number
of OSA diagnosis that would have been missed if one instead of two con-
secutive PSGs were performed. by copyright. They identified that 9.9%-
25% of subjects crossed the AHI threshold of 5/hour in the second sleep
study. Using a diagnostic threshold of 5/hour, we found that 9%-15% of
the participants crossed the threshold from below 5/hour to over 5/hour
in one of the sleep studies only. The smaller CI in our analysis is mainly
driven by a retrospective observational study with 1091 patients.” The

small intraindividual NtNV in this study might have been due to the fact
that these sleep studies were conducted at home.

Considering the high rate of missed OSA diagnosis and severity
class changes due to single-night testing, the singlenight sleep study
protocol in the process of OSA diagnosis and staging may have to
be revised. How many nights are needed to diagnose OSA with high
accuracy can not be answered by this meta-analysis and should be
subject of further research. Besides increasing direct costs for the
healthcare system, a diagnostic protocol with two or more sleep stu-
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dies harbours potential disadvantages. First, an increasing number of
sleep studies could lead to an increased false positive diagnosis rate
and therefore unnecessary treatment. At second, a multiple night pro-
tocol potentially increases patient discomfort, since not all patients
might be willing to undergo longitudinal sleep monitoring. Our
results may have also major implications on sleep research, fostering
the use of multiple sleep night protocols for investigating the potential
effect of interventions on respiratory parameters. Investigators should
consider that a remarkable number of patients seem to fluctuate with
more than 10/hour respiratory events per hour from night to night
when assessing the effect of interventions on sleep apnoea severity.

This review and meta-analysis has some limitations. The pooled
results were derived mostly from non-interventional observational
studies. These are study types in which a lower overall strength of
evidence is expected. Furthermore, the bias assessment revealed that
three studies showed high risks of bias. Nevertheless, in a sensiti-
vity analysis of the primary outcome, the overall estimate was robust
when high risk of bias studies were excluded.

Furthermore, we included studies using different sleep study
devices and different scoring rules, which might lead to possibly
different AHI, ODI or RDI scorings among these studies. However,
including only studies that exactly followed the same protocol regar-
ding used devices, scoring rules, sleep environments and bias asses-
sment, would have minimised the number of included papers and
would have led to a substantial loss of information of clinical rele-
vance and statistical power.

Moreover, all studies used validated devices. For example, Prasad et al
used the Embletta PDS device.” The AHI obtained by the Embletta cor-
relates closely with that obtained by PSG (Pearson correlation, r=0.979,
P<0.001).°" As a result, we are convinced that the natural course of the
nightly change of the AHI in this study should be considered comparable
with other studies presenting PSG driven AHI values. Furthermore, we
have confidence in our results, since only studies that were consistent in
used device type and scoring rules throughout the trial were eligible for
this meta-analysis. In addition, the clinical implication remains consis-
tent, as a patient with AHI/ODI/RDI below five events per hour would
not receive OSA treatment regardless of the used measurement setup.
Another limitation of our study is that whenever studies did not report
the mean and SD of relevant parameters, but instead reported median
and IQR or range, we recalculated the mean and SD following specific
formulas suggested by Wan et al.® While this approach is common, spe-
cifically in meta-analyses of observational studies, we cannot be sure if
these values would truly have been observed. The quality assessment of
the included papers revealed that only one study reported a priori sample
size calculation. Most of the included studies were observational studies
with only 66.7% following a prospective study design. Furthermore,
only a minority of studies controlled for possible confounders such as
the intake of alcohol and sedative drugs, both well-known factors that
might have influenced NtNV.*

There was a considerable heterogeneity for OSA pretest proba-
bility and severity, since some studies included patients with already
diagnosed OSA and others included patients with suspected OSA.
Nevertheless, we showed that OSA severity was not a statistically
relevant moderator for NtNV of respiratory events on a group level.

The primary outcome of this study is based on the assessments of
only two recording nights. This is mostly driven by the fact that only eight
studies reported results on more than two sleep studies. Considering that
the intraindividual variability seemed to increase accordingly with the
number of nights, we might have underestimated the NtNV of respira-
tory events in this meta-analysis. For instance, Stéberl et al’ conducted
their study with the highest number of recording nights (13 nights of
pulse oximetry) and reported that only 22% of the patients with mode-
rate-to-severe OSA did not change OSA severity class.

Furthermore, moderators were only assessed on NtNV of mean
AHI on a group level. Thus, this analysis could not assess which fac-
tors might have influenced the intraindividual NtNV. In addition,
sleeping in supine position was originally considered as a moderator
variable, but the number of studies reporting on it was only four. In
combination with outcomes, the number of studies considered was
further reduced. Consequently, this analysis could not evaluate the
influence of different sleep positions on NtNV of respiratory events.

Laing and Fichter*” reported on the impact of additional measu-
rement nights on sensitivity in the diagnostic process of OSA, evalua-

ting the accuracy of three sleep studies using a portable sleep monitor.
Considering that all 19 evaluated patients had OSA, the sensitivity increa-
sed from 52.6% to 73.7% by adding the result of the second night to the
first using an AHI threshold of 5/hour. Nevertheless, further research
assessing the accuracy of additional sleep study nights is necessary.
Finally, there is a need for comparative effectiveness studies in order to
determine the effect of repeated sleep studies on clinical outcomes like
subjective sleepiness, quality of life, blood pressure and cost-effectiveness.
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A eficacia de palivizumab em mundo real: um estudo
populacional em Ontario, Canada, 1993-2017
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RESUMO

Objetivo Avaliar a eficacia de dois programas de pali-
vizumab dirigidos a criancas de alto risco, definidos por
prematuridade, diagnostico de comorbilidades e geogra-
fia, e avaliar as potenciais disparidades por rendimento de
zonas residendiais.

Concecao do estudo Controlado, séries temporais inter-
rompidas.

Local Ontario, Canada.

Doentes Utilizdmos bases de dados administrativas demo-
graficas e sanitrias interligadas para identificar todas as
criancas nascidas em hospitais entre 1 de janeiro de 1993 e
31 de dezembro de 2016. O sequimento terminou no inicio
do segundo aniversario ou a 30 de junho de 2017.
Intervencao Elegibilidade de palivizumab: a crianga com
nascimento muito prematuro e com <6 meses de idade
durante a época do virus sincicial respiratério (VSR), <24
meses de idade com doenca pulmonar cronica significativa
ou doenca cardiaca congénita, ou <6 meses, de nascimento
prematuro ou residentes em regides remotas.

Principais resultados Doenca grave relacionada com
VSR, definida como hospitalizacdo ou morte com um diag-
nostico de bronquiolite, pneumonia VSR ou VSR.
Resultados Foram identificados 3 milhdes de nascimentos
e 87 000 eventos relacionados com VSR. Durante o periodo
do estudo, as taxas de doencas graves relacionadas com
VSR diminuiram 65,4% entre o grupo de maior risco, as
criancas elegiveis <6 meses (230,6 para 79,8 admissdes
por 1000 criangas-anos). Relativamente a alteragbes entre
bebés ndo elegiveis <6 meses, as taxas diminuiram 10,4%
(95% IC -18,6% a 39,4%) entre as criancas elegiveis ime-
diatamente apds a introducdo de um programa nacional
de palivizumab em 1998. Inicialmente, as taxas eram con-
sideravelmente mais elevadas entre criangas de zonas resi-
denciais de baixos rendimentos, mas as taxas especificas de
rendimentos convergiram ao longo do tempo entre criangas
elegiveis <6 meses. Esta convergéncia ndo foi observada
entre outras criancas.

Conclusdes A incidéncia de doengas graves relacionadas
com VSR diminuiu durante o periodo do estudo. Embora
ndo possamos atribuir causalidade, 0 momento e a mag-
nitude destes declinios sugerem o impacto do palivizumab
na reducdo da carga de VSR e na diminuicdo das desigual-
dades sociais entre as criancas elegiveis para palivizumab.

INTRODUCTION

Respiratory syncytial virus (RSV) is the most com-
mon cause of respiratory tract infection and hospi-
talisation among children globally, causing over 33
million episodes of illness and 3 million hospitali-
sations annually.'”* Approximately 20% of pneumo-
nia and 90% of bronchiolitis cases among children
under 6months of age are attributable to RSV.4* RSV
infection also has long-term health impacts, such as
increased risk of asthma.” In the current absence of a
vaccine, RSV-related illness can be prevented through
immunoprophylaxis.®** Among children born prema-
turely without congenital diseases, palivizumab has
been found to reduce RSV-related hospitalisations by
80%-85%.'°""* Universal prophylaxis is currently not
considered cost-effective given annual costs of admi-
nistering a complete series typically exceed $6000
($CAD) per child.** Consequently, palivizumab is
offered only to children at greatest risk of severe

What is already known on this topic?

> In the absence of a vaccine, severe res-
piratory syncytial virus (RSV)-related ill-
ness can be prevented through antibody
prophylaxis with palivizumab.

» Several authors have highlighted that
not all children eligible for palivizumab
receive treatment or adhere to the mon-
thly dosing schedule necessary for thera-
peutic effectiveness.

» While proven efficacious in clinical
trials, research evaluating palivizu-
mab’s real-world effectiveness is lacking
through populationbased effectiveness
studies.

What is already known?

> Rates of severe RSV-related illness subs-
tantially declined among high-risk
infants since palivizumab was introdu-
ced in Ontario in 1998.

» Declines in RSV-related admissions
among palivizumab-eligible infants were
clinically meaningful, but not statistically
significant compared with palivizumab-
-ineligible infants, suggesting reduced
effectiveness compared with clinical
efficacy.

» We observed a convergence of social
inequities in RSV-related admissions
among palivizumabeligible children <12
months old, suggesting that publicly fun-
ded palivizumab may help reduce social
inequities.

RSV-related illness. Most professional organisations,
such as the American Academy of Pediatrics and
Canadian Pediatric Society, recommend palivizumab
for children who are very young during RSV season
(eg, <12 months) and born extremely to very preterm
or diagnosed with serious lung or heart disease." **
There is rich evidence to support palivizumab’s
efficacy but limited real-world evaluation of effec-
tiveness through population-based studies. Given
that receipt requires approval from an administering
body and monthly doses are needed throughout the
RSV season to maintain therapeutic effectiveness,
not all children who qualify receive palivizumab or
adhere to the burdensome dosage schedule. Prior
studies have shown that characteristics predicting
severe RSV-related disease may also predict pali-
vizumab nonadherence.’®” Travel, culture, inconve-
nience and lack of understanding of RSV severity
are also recognised barriers.*'® A recent systematic
review identified a wide range in palivizumab com-
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pliance (25%-100%)."® In a recent Canadian study, adherence with
a full palivizumab series was 81% and adherence was greater among
younger children, those with siblings and highly educated or non-
-smoking mothers."” Critically, even within universal healthcare
systems, children from low socioeconomic backgrounds experience
reduced access to healthcare services and interventions, such as pali-
vizumab.'¢"

Our objective was to conduct a population-based evaluation of
the impact of the introduction of two palivizumab programmes on
severe RSV-related illness occurring before a child’s second birthday
using the comprehensive health administrative and demographic
databases available for all children born in Ontario, Canada during
1993-2016. Specifically, we investigated changes following the intro-
duction of Health Canada’s national Special Access Program (SAP)
for palivizumab in 1998 and, following licensure in 2002, the Ontario
Ministry of Health’s Palivizumab Program for High-risk Infants. We
hypothesised that the greatest reductions would be observed within
children at greatest risk of severe RSV-related illness, namely pali-
vizumab-eligible infants <6 months-old. We also explored social
disparities in palivizumab’s impact by assessing differences across
neighbourhood income levels.

METHODS

Study population and follow-up

We identified all hospital births occurring in Ontario between 1
January 1993 and 31 December 2016. Health outcomes were identified
until the earliest of death, second birthday, moving out of province or
30 June 2017 (end of follow-up).

Data sources

We used several linked population-based administrative health and
demographic databases. Births were identified using a provincial birth
registry, MOMBABY.” RSV-related admissions were identified from
the Canadian Institute for Health Information’s Discharge Abstract
Database (DAD) and deaths from the provincial death registry,
Ontario’s Registrar General Death File (ORG-D). Demographic charac-
teristics were determined from MOMBABY, Census, and Immigration,
Refugees and Citizenship Canada (IRCC) Permanent Resident data-
bases. These datasets were linked using unique encoded identifiers
and analysed at ICES (formerly the Institute for Clinical Evaluative
Sciences).

Outcomes

All RSV-related hospitalisations and deaths were identified, repre-
senting a composite measure of severe RSV-related illness. RSV-
related hospitalisations were those with an RSV-related diagnostic
code identified anywhere on the discharge record based on an algo-
rithm recently validated among Ontarian infants by Pisesky et al.?
Specifically, the following International Classification of Diseases
10th and 9th revision (ICD-10 and ICD-9) codes were considered:
RSV pneumonia (J12.1, 480.1); acute bronchiolitis (J21.”, 466.1);
or RSV as the cause of disease classified elsewhere (B97.4, 079.6).
Similarly, RSV-related deaths were those with the above RSV-related
codes identified on th death certificate. Since causes of death are
routinely undercoded, to increase sensitivity, we also considered all
non-accidental deaths occurring within 30 days of an RSV-related
hospitalisation, as done previously.”!

Eligibility for federal and provincial palivizumab programmes
Palivizumab eligibility criteria have periodically changed in Ontario; in
recent years, a risk scoring tool has been used to assess preterm infants,
incorporating factors such as daycare, household crowding and tobacco
smoke exposure.” Such information is not available through adminis-
trative data and, currently, there is no identifier for palivizumab receipt.
Given challenges in accurately identifying these characteristics and to
maximise transferability to other settings with stricter eligibility crite-
ria, we created a three-level variable for children clearly eligible, pos-
sibly eligible and clearly ineligible for palivizumab based on standard
criteria consistently applied throughout the study period.”>**

Clearly eligible children were: (1) born <32 weeks gestational age
(wGA) and aged <6 months during RSV season (ie, mid-November
through March); (2)<24 months with bronchopulmonary dysplasia;
(3)<24 months with hemodynamically significant congenital heart
disease or (4) born 33-36 wGA, aged <6 months during RSV season

Artigo original

and living in isolated communities where hospital care is not rea-
dily accessible. Possibly eligible children were aged <24 months and
previously diagnosed with other congenital heart disease, congenital
airway anomalies, or Trisomy 21, and all other preterm (33-36 wGA)
infants <6 months during RSV season. Additional details are provided
in online supplementary appendices A-C.

Covariates

Given the absence of gestational age data in ICD-9, gestational age
groups were determined for all births using a validated algorithm.> 2
Major congenital anomalies were identified from any hospitalisation
occurring before the second birthday with ICD-9/10 codes of 740-
59 or Q00-99.” Presence of hemodynamically significant congenital
heart disease was determined on the basis diagnostic and procedural
codes occurring before the second birthday.?® Rurality was operatio-
nalised using the Rurality Index of Ontario (RIO), a continuous mea-
sure created for policy purposes.”” Geographic isolation was defined
as RIO275, following funding incentives for isolated communities.”
Neighbourhood-level income quintile was measured at the dissemina-
tion area, Canada’s smallest census area consisting of 400-700 persons.
Due to small cell sizes, income was dichotomised in analysis: quintiles
5 and 4 as high-income and quintiles 1 and 2 as low-income.

Statistical analyses

We modelled annual rates of severe RSV-related illness using Poisson
regression, including an offset term for log person-time to calculate
rates. Years were defined as 1 July through 30 June to capture unique
RSV seasons. An interrupted time series design was conducted using a
segmented regression approach to assess both step and slope changes
following the introduction of each programme: the national SAP in
1998 and the provincial highrisk program in 2002.%

In the secondary analysis of socioeconomic differences by income,
we stratified models according to palivizumab eligibility. Given statis-
tical power limitations, we only considered step and slope changes over
the entire study period and not by programme.

All analyses were stratified by age at infection:<6,6-11 and 12-23
months. Analyses were performed in SAS V.9.4 (SAS Institute, Cary,
North Carolina, USA).

RESULTS

The study included over 3million births, with 86 772 RSVrelated
hospitalisations, accounting for 238026 bed-days and 58 RSV-related
deaths observed among 77323 children. Bronchiolitis was the most
common diagnosis identified among children with severe RSV-
related illness (95.2%); 4.6% had a diagnosis of RSV pneumonia and
2.1% had an RSV confirmation recorded on their discharge record.
In all, 1.1% of included children were considered clearly palivizu-
mab-eligible and another 4.8% possibly eligible (table 1). Only 4.6%
of children with severe RSV-related illness met any of the considered
palivizumab eligibility criteria (online supplementary table 1).

Rates of severe RSV-related illness were substantially higher
among infants<6 months, particularly eligible infants (figures 1 and
2). Over the study period, there was a statistically significant trend
towards declining rates of severe RSV-related illness among all age
groups; rates of decline significantly differed by age (figure 1).

Among palivizumab-eligible infants <6 months, the absolute
decline in rates was 65.4% (51.4% to 75.4%) over the study period;
in contrast, declines of 41.1% (28.4% to 51.5%) and 31.1% (26.0%
to 36.0%) were observed among possibly eligible and ineligible
infants<6 months. Among eligible infants <6 months, absolute decli-
nes of 18.3% (—9.9% to 46.6%) and 6.7% (—16.6% to 29.9%) occurred
the year following the national and provincial programmes (figure
2). Relative to changes among ineligible infants <6 months old, rates
dropped an additional 10.4% (-18.6% to 39.4%) among eligible
infants (<6 months) immediately following palivizumab’s introduc-
tion in 1998; that is, the ‘level change’ among palivizumab-eligible
children was —18.3% (—46.6 to 9.9) while the ‘level change’ among
palivizumab-ineligible children was —7.9% (-14.7 to 1.2), resulting
in a relative ‘level change’ of —10.4 (—39.4 to 18.6) among palivizu-
mab-eligible infants, compared with palivizumab-ineligible infants
(online supplementary table 2). Relative to changes within ineligible
infants, the improvement in RSV rates observed after the first intro-
duction of palivizumab among palivizumab-eligible infants was not
statistically significant.
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Within the 6-11-month-old age group, rates of severe RSVrelated
illness dropped an additional 23.1% (—18.6% to 64.8%) for eligible
infants relative to ineligible infants immediately following palivizu-
mabs first introduction in 1998 (online supplementary figure 1 and
table 2); however, RSV rates increased 39.9% (5.7% to 74.1%) rela-
tive to palivizumab-ineligible infants following palivizumab’s licen-
sure in 2002. A similar pattern was observed among children aged
12-23 months (online supplementary figure 2 and table 2). See online
supplementary table 2 for full model results.

Among infants <6 months, rates of severe RSV-related illness
were substantially greater among those from low-income neighbou-
rhoods (figure 3). For example, during the first study year (1993),
rates of severe RSV-related illness were 19.8% greater among eligible
infants <6 months from low-income neighbourhoods, compared with
their high-income counterparts (246.7 vs 197.9 admissions per 1000
child-years). However, among eligible infants <6 months, this income
difference narrowed by 1.8% per year on average (p=0.0423), with
rates converging during the final 4 years of the study. Specifically,
RSV rates declined 4.9% per year on average (p<0.0001) among cle-
arly eligible, low-income infants <6 months; compared with 3.1%
among high-income infants (p<0.0001). This gap widened, but not
significantly so, among possibly eligible infants <6 months. Among
palivizumab-ineligible infants <6 months, this income gap significan-
tly diminished but did not converge. Similar patterns were observed
among 6-11-month-olds, though no changes were statistically signi-
ficant and inequities were less apparent (online supplementary figure
3). No clear income disparities were apparent among 12-23-month-
olds (online supplementary figure 4). Full model results are presented
in online supplementary table 3.

DISCUSSION

In this large, population-based study, rates of severe RSV-related ill-
ness declined substantially over the 24-year study period. The greatest
improvements were observed among palivizumabeligible infants <6
months; however, these changes were not statistically significant rela-
tive to changes within ineligible infants. Further, we observed that rates
of severe RSV-related illness were initially greater among infants<12
months from low-income neighbourhoods, regardless of eligibility, but
these disparities diminished among eligible infants over time. While
we cannot definitively attribute these effects to the availability of pali-
vizumab, the timing is suggestive of its impact. These observations are
consistent with palivizumab efficacy demonstrated in trials and suggest
that this efficacy does translate into substantial real-world effective-
ness,” although to a lesser degree.

There is rich evidence supporting palivizumab’s efficacy in
various clinical subgroups;’** however, there has been scant research
into real-world effectiveness. To our knowledge, this is the first popu-
lation-based evaluation of any palivizumab programme, so there are
no comparative studies. However, two US population-based studies
have reported on RSV-related admissions over the past two decades
and a third on bronchiolitis admissions;**~** none explicitly evaluated
changes due to palivizumab. A 55% decline in RSV-related hospita-
lisations was observed over 1998-2011 among Californian infants
<12 months with high-risk medical conditions (7.6-3.4 per 1000
children), compared with 43% among those without any high-risk
conditions.*” Similarly, a 12% decline in RSV-related admissions was
observed among US infants <2 years old over 1998-2012; declines
of 38% and 10%, respectively, occurred among children with and
without high-risk conditions.* Further, a 17% decline in bronchioli-
tis-related admissions was reported over 2000-2009 among US chil-
dren <2 years old.”

Considering the multitude of steps required to receive a full series
of palivizumab (eg, parental/provider knowledge of eligibility, admi-
nistering approval and adherence), effectiveness studies are critical for
determining real-world impact. Even within clearly eligible, high-risk
infants, real-world effectiveness of these palivizumab programmes was
not comparable to trialbased efficacy estimates.’ ' The relative decline
in severe RSV among eligible infants <6 months was 65.4% over our
study period, with the greatest impact seen immediately following
palivizumab’s first introduction in 1998. In contrast, RSV rates decli-
ned 41.1% and 31.1%, respectively, over the study period among pos-
sibly eligible and ineligible infants <6 months. Improvements were less
apparent among older children, for which fewer RSV events occur and
palivizumab eligibility criteria are more restrictive.

Ontario’s criteria are considerably comprehensive; most jurisdic-
tions limit palivizumab to young infants born very preterm and with
severe heart or lung disease (online supplementary appendix D).*
Thus, additional research is required to ascertain the effectiveness of
palivizumab programmes in other settings. While we observed clini-
cally meaningful declines in severe RSV among palivizumab-eligible
infants, we also observed declines among palivizumab-ineligible
infants and the difference between these two groups was not statisti-
cally significant. Declines in severe RSV among palivizumab-ineligible
children could reflect changes in RSV dynamics, prevalence of cofac-
tors influencing severity of infection (eg, parental smoking) or other
factors.' Both population-based studies of US infants found substantial
reductions in RSV-related admissions among low-risk infants, further
suggesting improvements beyond palivizumab.***

An additional key finding was that the initial gap in RSVrelated ill-
ness among eligible infants <6 months from highincome vs low-income
neighbourhoods entirely diminished over time. While we are unable
to attribute this finding definitively to equitable access to palivizumab,
the timing is consistent with such an underlying mechanism. This fin-
ding is encouraging given that the introduction of novel interventions
frequently accentuates health disparities via preferential uptake by the
most advantaged.’” *® While multiple studies have shown that children
from lower socio-economic backgrounds have increased RSVrelated
hospitalisation rates, none to our knowledge have explicitly investiga-
ted changes in these inequities.'*** %

While the strengths of this study are related to its populationba-
sed nature, these data have limitations. We were unable to determine
palivizumab receipt or comprehensively identify all eligibility criteria.
However, the distribution of children meeting eligibility criteria in our
study was comparable to the Canadian Registry of Synagis (CARESS)
(online supplementary table 4).* Further, in 2015/2016, 3119 children
received palivizumab in Ontario;" nearly 2000 children would have
been clearly palivizumab-eligible in our study. Moreover, even though
we included all severe RSV-related illness among all children born in
Canada’s largest province over multiple decades, we may lack power to
detect true differences within eligible groups, particularly older chil-
dren for which RSV events were rare and few are palivizumab-eligible.
We were also unable to ascertain laboratory confirmation of RSV. Given
viral tests are inconsistently performed as there are no provincial tes-
ting guidelines for RSV, limiting the outcome to laboratory-confirmed
RSV would have underestimated the true burden of RSV and biased
our results. Similarly, biases in admission practices should be conside-
red; for example, clinicians may be more prone to admit younger chil-
dren or children with underlying complexities compared with older or
less fragile children with a similar level of respiratory distress. In addi-
tion to age-stratifying our results, we attempted to further investigate
some of these differences, for example, by investigating supplemental
oxygen and ventilation use. Unfortunately, diagnostic and procedure
codes for these diagnoses/interventions were not consistently availa-
ble or applied throughout the ICD-9 and ICD-10 eras, limiting our
ability to accurately investigate these outcomes over the entire study
period and, particularly, during the prepalivizumab (ie, ICD-9) era.
These coding considerations also limit ability to look at other chan-
ges in practice which may explain part of the decline in RSV-related
admissions over the study period; for example, children who were sent
home with oxygen therapy to prevent an admission. Moreover, some
bronchiolitis admissions would have been due to other pathogens, for
example, influenza; however, approximately 85% of bronchiolitis in
children are attributable to RSV.!2¢2

The major strengths of this study include the ability to study trends
at a population-level over a 24-year period. We also incorporated con-
trol groups (ie, palivizumab ineligible and possibly eligible children)
to account for secular trends not directly influenced by palivizumab,
such as changes in medical coding, practice, admissions and cofactors.
Controlled interrupted time series analysis with preintervention and
postintervention periods are considered the most rigorous quasiexpe-
rimental design.”® Nevertheless, these estimates are likely conservative
given data limitations

CONCLUSION

This large, population-based study spanning multiple decades found
that severe RSV-related illness substantially declined among high-risk
infants in Ontario, Canada. While we cannot firmly attribute causality,
the magnitude and timing of changes, along with diminished social
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Table 1 Characteristics of children included in the study, that is, all births in Ontario occurring 1 January 1993 to 31 December 2016,
stratified by palivizumab eligibility group

Ineligible Possibly eligible Eligible
N % N % N %
Characteristic n=2837145 n=143913 n=34301
Birth year
1993-1996 462 235 16.29 22377 15.55 7015 20.45
1997-2000 443707 15.64 23284 16.18 6732 19.63
2001-2004 464 534 16.37 23595 16.40 5670 16.53
2005-2008 494 542 17.43 24291 16.88 5197 15.15
2009-2012 487 847 17.19 24607 17.10 4939 14.40
2013-2016 484 280 17.07 25759 17.90 4748 13.84
High risk birth month (November—January) 655 754 23.11 42315 29.40 9832 28.66
Sex (female) 1387 750 48.91 65 046 45.20 15317 44.65
Multiple birth 53151 1.87 28 868 20.06 7473 21.79
Estimated wGA
<28 WGA (extremely preterm) 1753 0.06 261 0.18 11338 33.05
28-32 WGA (very preterm) 2973 0.10 377 0.26 15408 44.92
33-36 WGA (preterm) 30620 1.08 131800 91.58 2095 6.11
37+ WGA (term) 2763110 97.39 10 935 7.60 5309 15.48
Missing 38689 1.36 540 0.38 151 0.44
Weight group
<1500 g 4337 0.15 2852 1.98 22672 66.10
1500-1999 g 6562 0.23 25261 17.55 4360 12.71
2000-2499 g 70 582 2.49 45815 31.84 1251 3.65
2500-2999 g 423 850 14.94 42 265 29.37 1823 5.31
3000-3499 g 1069 534 37.70 20878 14.51 2201 6.42
3500-3999 g 902 861 31.82 5147 3.58 1390 4.05
4000-4499 g 301482 10.63 1253 0.87 470 1.37
4500 g + 57 937 2.04 442 0.31 134 0.39
Mean weight, g (SD) 3438.42 503.43 2495.50 579.44 1512.84 958.70
Congenital diseasest
Any major congenital anomaly 49 968 1.76 19550 13.58 13137 38.30
CHD 0 - 13453 9.35 11239 32.77
Hemodynamically significant CHD 0 0 - 6596 19.23
Other CHD 0 = 13453 9.35 4643 13.54
Major congenital airway anomaly 0 1980 1.38 349 1.02
Other clinical diagnosest
Bronchopulmonary dysplasia/ chronic lung disease 0 0 - 4311 12.57

Trisomy 21 0 = 1044 0.73 173 0.50
Sociodemographic characteristics*
Mother's immigration status

Canadian born 2207 476 77.81 112047 77.86 26 804 78.14
Long-term resident, 5+ years 332367 11.71 17810 12.38 4176 12.17
Short-term resident, <5 years 293 622 10.35 13837 9.61 3261 9.51
Refugee 3680 0.13 219 0.15 60 0.17
Maternal age
<18 years 64 765 2.28 3743 2.60 1081 3.15
19-24 428 232 15.09 21141 14.69 5385 15.70
25-29 828752 29.21 38524 26.77 9300 27.11
30-34 969 408 34.17 47 281 32.85 10761 31.37
35-39 458 174 16.15 26 592 18.48 6192 18.05
40+ 87758 3.09 6626 4.60 1579 4.60
Mean maternal age (SD) 29.73 5.44 30.13 5.79 29.88 5.93
Neighbourhood income quintile
1 (lowest 20% income) 626 463 22.08 33814 23.50 442 1.29
2 567 822 20.01 29532 20.52 8575 25.00
3 568 979 20.05 28 662 19.92 7193 20.97
4 581 546 20.50 28524 19.82 6603 19.25
5 (highest 20% income) 467 644 16.48 22175 15.41 6530 19.04
Missing 24691 0.87 1206 0.84 4958 14.45
Residence at time of birth
Urban 2518452 88.77 129573 90.04 30057 87.63
Rural 307 202 10.83 13763 9.56 4047 11.80
Missing 11491 0.41 577 0.40 197 0.57
Geographically isolated residence 23391 0.82 97 0.07 1041 3.03

Statistically significant difference between eligibility groups noted across all characteristics; p<0.0001.

*Determined at the time of birth.

tDiagnosed before second birthday.

BPD, bronchopulmonary dysplasia; CHD, congenital heart disease; CLD, chronic lung disease; wGA, weeks gestational age.
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Figure 1 Annual rates (95% Cl) of severe RSV-related illness* among all
children born in Ontario, 1 January 1993 to 31 December 2016, stratified
by age at infection. Average annual change (95% Cl) was —2.6% (-2.8 to
-2.5), —4.5% (4.7 to —4.8) and —0.3(=0.6 to —0.1) for<6, 6-11 and 12-23
month-olds, respectively. *Annual rates of RSV related hospitalisation or death
for 1 July through 30 June inclusive.

HRP, Provincial High-Risk Palivizumab Program (2002); RSV, respiratory
syncytial virus; SAP, National Special Access Palivizumab Program (1998).

inequities, among palivizumabeligible infants are noteworthy. While
there is rich evidence to support the clinical efficacy of palivizumab,
this work provides much needed insights into the real-world effective-
ness of palivizumab programmes, which appear to have reduced effec-
tiveness compared with clinical trial estimates. Additional research is
required to determine whether, and to what degree, the effectiveness
of palivizumab programmes could be enhanced through ensuring the-
rapeutic levels are maintained throughout RSV season (ie, adhering to
the monthly dosing schedule) and efforts to promote the availability
and uptake of palivizumab among eligible children, particularly where
publicly funded.
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Figure 2 Annual observed and predicted rates (95% Cl) of severe RSV-
related illness* among infants under 6 months of aget, according to eligibility
for Ontario’s palivizumab programme; 1993-2016. *Annual rates of RSV-
related hospitalisation or death for 1 July through 30 June inclusive. t<6
months of age at the time of admission/death. Model parameter estimates,
along with associated 95% Cls and p values, are provided in online supple-
mentary table 2. HRP, Provincial High Risk Palivizumab Program (2002); RSV,
respiratory syncytial virus; SAP, National Special Access Palivizumab Program
(1998). Protected by copyright.
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Figure 3 Annual observed and predicted rates (95% Cl) of severe RSV-
related illness* among high-income vs low-income infants under 6 months
of age™*, stratified by palivizumab eligibility. *Annual rates of RSV-related
hospitalisation or death for 1 July through 30 June inclusive. **<6 months
of age at the time of hospitalisation/death. Annual rate of change between
high-income and low-income groups: —1.78 (p=0.0423), 0.16 (p=0.7500)
and —0.60 (p=0.0009), respectively, for clearly eligible, possibly eligible and
ineligible groups. Model parameter estimates, along with associated 95% Cls
and p values, are provided in online supplementary table 3. HRP, Provincial
High-Risk Palivizumab Program (2002); RSV, respiratory syncytial virus; SAP,
National Special Access Palivizumab Program (1998).
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RESUMO

Contexto Os corticosterdides inalatérios (Cl) e orais (CO)
sdo amplamente utilizados na asma. Contudo, o risco de
osteoporose e fratura de fragilidade (FF) devido aos cor-
ticosteréides para o tratamento da asma ainda ndo esta
bem estabelecido.

Métodos Realizdmos dois estudos de controlo de caso
utilizando dados interligados das bases de dados Clinical
Practice Research Datalink (CPRD) e Hospital Episode
Statistics (HES). Utilizando uma coorte de asma, identifi-
camos separadamente doentes com osteoporose ou FF e
controlos equiparados para género, idade e pratica clinica.
Utilizou-se uma regressao logistica condicional para deter-
minar a associacdo entre a exposicao a Cl e CO e o risco
de osteoporose ou FF. Também foi calculada a prevaléncia
de doentes que receberam pelo menos um bisfosfonato.
Resultados Verificou-se uma relacdo dose-resposta entre
a dose cumulativa e o niimero de prescri¢des de CO/Cl no
ano anterior e o risco de osteoporose ou FF. Apds o ajus-
tamento para confundidores, as pessoas que receberam
mais prescricdes de CO (=9 vs. 0) sentiram um aumento
de 4,50 (95% IC 3,21 a 6,11) no risco de osteoporose e
de 2,16 (95% IC 1,56 a 3,32) no risco de FF. Para Cl (=11
vs 0), os OR foram de 1,60 (95% IC 1,22 a 2,10) e 1,31
(95% 1C 1,02 a 1,68), respetivamente. A dose cumulativa
teve um impacto semelhante, verificando-se que os doentes
que receberam mais CO ou Cl apresentavam maior risco.
A prevaléncia de doentes a tomar =9 CO e pelo menos
uma prescricao de bisfosfonatos foi de apenas 50,6% para
osteoporose e de 48,4% para FF.

Conclusdes Os resultados sugerem que a exposicao a CO
ou Cl constitui um fator de risco independente para a sadde
6ssea em doentes com asma. Recomenda-se a adminis-
tracdo de esterdides ao nivel mais reduzido possivel para
manter o controlo da asma.

INTRODUCTION

Asthma is one of the most common chronic, non-
communicable diseases affecting around 334 million
people worldwide.! Inhaled (ICS) and oral (OCS)
corticosteroids play a crucial role in the control of
airway inflammation in asthma.? The Global Initiative
for Asthma (GINA) guidelines suggest a stepwise
approach with low- to high-dose ICS alone or in com-
bination with long-acting-{3,-agonists as the firstline
treatment for patients with moderate to severe asthma,
and use of OCS for patients experiencing exacerba-
tions or having severe asthma.? Both ICS and OCS are
known to cause well-recognised side effects.*”

One of the most frequent adverse effects is osteopo-
rosis which can lead to fragility fractures (FF).5'° FF are
associated with substantial increased healthcare costs,
morbidity and mortality.'"'? Studies investigating the
adverse effects of corticosteroids on bone health based
on change in bone mineral density (BMD) in patients
with asthma have contradictory findings. Laatikainen
et al did not find statistically significant differences in
BMD between three groups of patients with asthma
(ICS (n=26) vs OCS (n=65) vs non-exposed (n=28))."
Similarly, a 4-year longitudinal study assessing lumbar
spine BMD in people with asthma receiving low (n=26)
and high (n=9) doses of ICS as well as sporadic (n=26)
and frequent (n=9) OCS did not reveal any change in
BMD (p>0.05)." This might be a result due to small

What is the key question?

» What is the impact of oral (OCS) and
inhaled (ICS) corticosteroid treatment
on osteoporosis and fragility fracture risk
among people with asthma?

What is the bottom line?

» Exposure to OCS or ICS is an indepen-
dent risk factor for bone health in patients
with asthma. There is a clear dose-res-
ponse relationship between cumulative
dose and prescriptions of OCS/ICS, and
risk of osteoporosis and fragility fractures.

Why read on?

»The use of ICS in asthma is likely to increase
with the recent change in Global Initiative
for Asthma (GINA) guidance recommen-
ding combined long-acting-{3,-agonists
with ICS at step 1 and the prescribing of
OCS follows an upward trend. Additionally,
current guidelines on asthma do not fully
cover the management of bone comor-
bidities and no specific bone protection
guidance is given. This large study using
primary and secondary care data provides
pragmatic guidance to clinicians by strati-
fying bone health risk by dose, number of
prescriptions, and type of OCS and ICS.

sample size in both studies. In contrast, Wong et al'®
showed that cumulative dose of ICS (median 876mg)
was negatively associated with BMD (p<0.05) in young
patients with asthma. Sivri et al'® also found a signifi-
cantly lower BMD in female patients with asthma expo-
sed to regular use of ICS (750 to 1500pg/day for at leas 3
months). Few studies have quantified the risk between
corticosteroids and bone health in patients with asthma,
mostly examining the effects of OCS."”"** However, these
studies have been limited by their small size and focus
on severe asthma.

Given that the use of ICS in asthma is likely to
increase with the recent change in GINA guidance
recommending combined long-acting-B,-agonists with
ICS at step 13 and the upward trend in prescribing of
OCS,* we sought to clarify the link between steroids,
osteoporosis and FF in patients with asthma, stratifying
the risk by dose, number of courses and type of steroids.

METHODS

Source population

We conducted a population-based nested case-control
study utilising the Clinical Practice Research Datalink
(CPRD) GOLD, a large longitudinal primary care data-
base,” linked to the Hospital Episode Statistics (HES)
database.”? We used the July 2018 dataset which covers
more than 15.4 million patients from 738 practices
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Table 1 Characteristics of patients with osteoporosis and control subjects

Cases (n=1564)

Controls (n=3313)

Characteristic N (%)
Age* (mean=SD) (years) 69.4+10.7
Sex
Male 303 (19.4)
Female 1261 (80.6)
Smoking status
Never 584 (37.3)
Former 584 (37.3)
Current 381(24.4)
Missing status 15(01.0)
BMI status (kg/m?)
Underweight (<18.5) 76 (04.9)
Normal (18.5-24.9) 481 (30.7

)
Overweight (25-29.9) 435 (27.8)
Obese (=30) 322(20.6)
Missing status 250 (16.0)

Alcohol status

Non-drinker 187 (12.0)
Ex-drinker 181(11.6)
Current drinker 1052 (67.3)
Missing status 144 (9.2)
IMD (social class)
1 (least deprived) 295 (18.9)
2 324(20.8)
3 318(20.3)
4 319(20.4)
5 (most deprived) 306 (19.6)
Charlson Comorbidity Index
1 717 (45.8)
2 258 (16.5)
3 274(17.5)
4 151(9.7)
>5 164 (10.5)
Drug use in the year prior to the index date
Bisphosphonates 851 (54.5)
Vitamin D and/or calcium 418 (26.8)
History of a diagnosis ever prior to the index date
Fall 450 (28.8)
Any fracture 478 (31.0)

Percentages have been rounded and might not total 100.
*Age at the index date.
BMI, body mass index; IMD, Index of Multiple Deprivation.

across the UK. The percentage of patients is approximately 7% of the
UK population and they are representative with respect to age, gender
and ethnicity of the wider UK population. HES is a secondary care data-
base consisting of all hospitalisations in England, consequently only
60% of CPRD patients have linked data. The study was approved by the
Independent Scientific Advisory Group of the CPRD (ISAC protocol
number 19_041RA).

Cohort definition

The study population included all adult patients (=18 years old) with
a Read code for asthma between 1 April 2004 (activation of Quality
and Outcomes Framework score) to 31 December 2017, with at least
lyear of data collection prior to the diagnosis of asthma date ensuring
that only ‘incident’ cases were picked.”» We included patients classed
as ‘acceptable’ research quality data and registered to an up-to stan-
dard practice according to CPRD’s recommendations.

Cases, controls and outcomes definition

We conducted two nested case-control studies using CPRDlinked HES
data, with cases defined by the first-recorded diagnosis of (1) osteo-
porosis and (2) FF (as separate outcomes). The databases were linked
using an identifier variable (same in both databases) called ‘patid; and
then we looked for the earliest diagnosis in both databases by using
either the Read or International Classification of Diseases (ICD-10)
code, depending on the database. The date of the first diagnosis of (1)
osteoporosis and (2) FF served as the index date for the cases. Each

N (%) Unadjusted OR (95%CI)
68.1£10.4

619 (18.7)

2694 (81.3)

1438 (43.4) 1.00

1267 (38.3) 1.17 (1.02 to 1.35)
574 (17.3) 1.95(1.62 t0 2.33)
34(1.0) 0.93(0.37t02.32)
48(01.5) 2.25(1.50 to 3.36)
654 (19.7) 1.00

990 (29.9) 0.56 (0.47 t0 0.67)
1099 (33.2) 0.39(0.32 t0 0.46)
522 (15.8) 0.63(0.511t00.79)
323(09.8) 1.00

402 (12.1) 0.81(0.62 to 1.05)
2315 (69.9) 0.85(0.69 to 1.04)
273(8.2) 1.02 (0.76 t0 1.37)
653 (19.7) 1.00

688 (20.8) 1.12(0.91 to 1.40)
710(21.4) 1.13(0.90 to 1.41)
665 (20.1) 1.21(0.96 to 1.53)
597 (18.0) 1.36 (1.06 to 1.74)
1847 (55.8) 1.00

523 (15.8) 1.27 (1.06 to 1.52)
447 (13.5) 1.51(1.25t0 1.81)
250 (7.6) 1.54 (1.21 to 1.94)
246 (7.4) 1.62 (1.27 t0 2.06)
162 (4.9) 25.11(19.38 t0 32.53)
243 (7.3) 4.47 (3.69 to 5.40)
575(17.4) 1.95 (1.65 to 2.27)
533 (16.1) 2.38(1.98 t0 2.68)

case was matched with up to four randomly selected patients from the
remaining patients with asthma by age (+1year), gender and practice.
We assigned the same index date to controls and cases.

Vertebral, hip, forearm-wrist and humeral fractures are considered
common sites of FE and are associated with morbidity and mortality.'>*
A composite of these fracture sites was used to define the presence of
FE Any fracture described as an ‘open fracture’ was excluded, since this
type usually occurs via a highenergy event, and is not related to frailty.
The code list was reviewed by a clinician to identify appropriate frac-
tures that were unlikely to be osteoporotic in nature.

Potential confounders

For each participant in this study, we retrieved information on the follo-
wing variables which are well-established risk for fracture or thought to
have an impact on osteoporosis or fracture risk and are also likely to be
recorded within the databases: age at the index date; sex, including only
those clearly classified as male or female; body mass index (BMI) using
the nearest measurement prior the index date and categorised according
to the WHO (see online supplemental file); smoking and alcohol status
using the nearest measurement ever prior to the index date (see online
supplemental file); socioeconomic status measured by using the patient-
level Index of Multiple Deprivation (IMD) 2015 in quintiles, with quin-
tile 1 being the least and quintile 5 the most deprived; osteoporosis (only
when the outcome was FF), any fracture (not those considered as an out-
come) or falls prior the index date; and bisphosphonates, vitamin D and
calcium supplements in the year prior the index date. The comorbidities
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Table 2 Characteristics of patients with fragility fractures and control subjects

Cases (n=2131)

Controls (n=4421)

Characteristic N (%)
Age* (mean+SD) (years) 65.1+14.9
Sex
Male 633 (29.8)
Female 1497 (70.2)
Smoking status
Never 813(38.2)
Former 767 (36.0)
Current 513 (24.0)
Missing status 38(01.8)
BMI status (kg/m?)
Underweight (<18.5) 79 (3.7)

Normal (18.5-24.9) 507 (23.8)
Overweight (25-29.9) 588 (27.6)
Obese (=30) 538 (25.2)
Missing status 419 (19.6)
Alcohol status

Non-drinker 203 (09.5)
Ex-drinker 211(09.9)
Current drinker 1506 (70.7)
Missing status 211(9.9)
IMD (social class)
1 (least deprived) 382 (18.0)
2 468 (22.0)
3 442 (20.8)
4 418(19.7)
5 (most deprived) 420(19.7)
Charlson Comorbidity Index
1 1195 (56.1)
2 319(15.0)
3 256 (12.0)
4 157 (7.4)
>5 204 (9.6)
Drug use in the year prior to the index date
Bisphosphonates 255(12.0)
Vitamin D and/or calcium 194 (9.1)
History of a diagnosis ever prior to the index date
Fall 577 (27.1)
Osteoporosis 261(12.3)
Any fracture 707 (33.2)

Percentages have been rounded and might not total 100.
*Age at the index date.
BMI, body mass index; IMD, Index of Multiple Deprivation.

were also summarised using the Charlson Comorbidity Index score.” If
there was no record for a medication or diagnosis, patients were assumed
to have not had the exposure.

Exposure assessment

Corticosteroid use was categorised in a number of ways. Initially,a 1-year
period prior to index date was used to identify the exposure status. OCS
and ICS use were examined as the number of prescriptions filled. It was
not possible to categorise the OCS use by type since 97% of individuals
received prednisolone. ICS was grouped according to type as follows:
beclomethasone dipropionate, budesonide, fluticasone propionate and
ciclesonide. Where the type of ICS was changed during the year, we
considered the most frequently prescribed. We also assessed the OCS
and ICS as cumulative dose in milligrams (mg) over the previous year.
To calculate the cumulative OCS and ICS dose, we used information
from tablet strength (eg, 5mg) or the dose of drug delivered with each
inhalation (eg, 0.1mg) and prescribed quantity, multiplying the quantity
by strength for each prescription, and then all doses per patient were
summed. We dealt with missing or implausible values using a recognised
algorithm (see online supplemental file).? We additionally looked for
the exposure in different time periods. Thus, the cumulative dose and
number of OCS and ICS prescriptions were calculated as a rate per year,
identifying prescriptions up to 10 years prior the index date (median
patients’ record time prior the index date), as well as from the asthma
to the index date. The reference category for all analyses was no steroid

N (%) Unadjusted OR (95%CI)
64.0+14.1

1215 (27.5)

3206 (72.5)

1870 (42.3) 1.00

1693 (38.3) 1.04 (0.92 to0 1.18)
806 (18.2) 1.53(1.32t0 1.77)
52(01.2) 1.81(0.94 to 3.49)
62 (1.4) 2.28(1.57 t0 3.29)
905 (20.5) 1.00

1291 (29.2) 0.80(0.68 t0 0.93)
1389 (31.3) 0.72(0.61 t0 0.84)
774 (17.5) 0.95(0.80 to 1.13)
396 (09.0) 1.00

467 (10.6) 0.91(0.72t0 1.17)
3156 (71.4) 0.99 (0.82 to 1.20)
402 (9.1) 1.07 (0.82 to 1.38)
893 (20.2) 1.00

916 (20.8) 1.25(1.04 to 1.50)
952 (21.5) 1.16 (0.95 to 1.40)
819 (18.5) 1.26 (1.04 to 1.55)
840 (19.0) 1.23(1.04 t0 1.52)
2786 (63.0) 1.00

643 (14.5) 1.17 (0.99 to 1.38)
460 (10.4) 1.33(1.11 t0 1.59)
268 (6.1) 1.39(1.11 t0 1.75)
264 (6.0) 1.71(1.37 10 2.13)
217 (4.9) 2.57(2.10t0 3.15)
260 (5.9) 1.54 (1.25t0 1.91)
607 (13.7) 244 (21110 2.81)
202 (4.6) 2.82(2.29 10 3.46)
662 (15.0) 2.94(2.57 to 3.36)

exposure. To account for differences in potency of different types of corti-
costeroids, we converted dosages into prednisolone and beclomethasone
equivalent for OCS and ICS, respectively (see online supplemental file)

Statistical analysis

Descriptive statistics were used to summarise the characteristics of
the cases and controls. To account for the matched design, we used
conditional logistic regression deriving unadjusted and adjusted ORs
with 95% ClIs assessing the effect of OCS and ICS exposure on the first
osteoporosis and FF diagnosis after the asthma date, separately. First,
we performed a univariate analysis between the exposure and outcome
of interest to establish the unadjusted OR. Our a priori confounders
were BMI and smoking status. The next step was to fit the conditional
logistic regression model including the exposure of interest and the a
priori confounders. Then we added into the model, one at a time, each
of the other potential confounding variables, removing this potential
confounder before adding the next. We examined how the OR of the
exposure of interest changed as we added each potential confounder.
If the inclusion of the confounder changed the effect of the exposure
of interest by more than 5% then it was an important confounder and
should be placed in the fully adjusted model. Missing data for BMI and
smoking status were assumed as missing at random and imputed using
chained equations. Ten imputations were generated, and the imputed
model consisted of all listed confounders, OCS and ICS exposure, and
the case-control indicator. Missing data for IMD were assigned a new
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Table 3 Association between oral and inhaled corticosteroid exposure in the year prior to the index date and risk of osteoporosis

Cases Controls

Type of exposure N % N %
No OCS use (reference) 992 63.4 2607 78.8
OCS prescriptions (n)

1 188 12.0 371 1.1

2-3 123 7.9 189 5.7

4-8 161 10.3 98 3.0

>9 100 6.4 48 1.5
0CS cumulative dose (mg)

<500 244 15.6 475 14.4

501-1000 83 53. 99 3.0

1001-2500 148 9.5 86 2.6

>2500 95 6.1 44 13
No ICS use (reference) 569 36.4 1742 52.6
ICS prescriptions (n)

1-6 605 38.7 1053 31.2

7-10 220 14.1 294 8.9

=11 170 10.9 224 6.8
ICS type

Beclomethasone 423 27.1 783 23.6

Budesonide 207 13.2 300 09.1

Fluticasone 352 22.5 475 14.3

Ciclesonide 12 0.9 12 0.5
ICS cumulative dose (mg)§

<40 209 13.4 433 13.1

41-80 232 14.8 363 10.1

81-120 180 11.5 282 08.5

>120 370 23.7 488 14.7

Unadjusted OR (95%Cl) Adjusted* OR (95%Cl) P valuet
1.00 1.00
<0.0001
1.44(1.19t0 1.77) 1.12 (0.90 to 1.40)
1.88 (1.45 10 2.42) 1.34(1.12 to 1.66)
4.74 (3.58 t0 6.28) 3.80(2.81105.13)
5.37 (3.69 10 7.82) 4.50(3.21t06.11)
<0.0001
1.47 (1.23t0 1.77) 1.21(1.03 to 1.43)
2.44 (1.75 t0 3.41) 2.05 (1.57 to 2.68)
4.77 (3.59 t0 6.40) 4.04 (3.12 10 5.12)
6.10 (4.15 to 8.98) 4.79 (3.38 10 6.79)
1.00 1.00
<0.0001
1.87(1.611t02.17) 1.35(1.14 to 1.59)
2.49(2.01 10 3.07) 1.51(1.20 to 1.92)
2.66 (2.08 t0 3.39) 1.60 (1.22 t0 2.10)
1.75 (1.49 to 2.06) 1.29(1.08 to 1.54) 007+
2.27(1.82102.83) 1.56 (1.23 t0 1.98) <0.0001%
2.44 (2.04 t0 2.96) 1.44 (1.18 0 1.77) <0.0001%
2.55(1.13 t0 5.75) 1.80 (0.76 to 4.27) .179%
<0.0001

1.60 (1.37 to0 2.01

2.02(1.741t0 2.72
2.55(2.0110 2.97

1.18 (0.95 to 1.47,

1.63(1.33 10 1.99

Percentages have been rounded and so might not total 100.

( ) (

2.07 (1.62 to 2.40) 1.26 (0.98 to 1.60
( ) (
( ) (

)
)
1.50 (1.21 to 1.87)
)

*Adjusted for smoking, body mass index, social class (ie, Index of Multiple Deprivation), Charlson Comorbidity Index score, any previous fracture, any previous fall, bisphosphonates, and number of ICS or OCS prescriptions accordingly.

1P values for trend unless otherwise stated. The p values are referred to the adjusted model.
P values from the Wald's test.

§Unable to determine cumulative dose in nine individuals.

ICS, inhaled corticosteroid; OCS, oral corticosteroid.

category. The prevalence of those receiving at least one bisphosphonate
prescription per steroid prescription category after their initiation the
year prior to the index dates was also calculated. Sensitivity analyses
were also conducted restricting the samples only to patients with at
least one ICS prescription the year prior to the index dates as a stricter
definition of asthma as well as restricting the samples only to indi-
viduals not in receipt of OCS within the database records examining
the relationship between ICS and bone comorbidities eliminating any
confounding due to OCS. All analyses were performed in Stata v16.

RESULTS

Characteristics of the study populations

We identified 1564 patients with asthma and osteoporosis, and 3313
control subjects as well as 2131 patients with asthma and fractures and
4421 control subjects from a cohort of 69074 individuals with asthma
(tables 1 and 2). The vast majority were women and the mean age was
69.4 (range 26-95) years for osteoporosis and 66.4 (range 18-94) years
for fractures. Patients with asthma and both osteoporosis and fracture
were more likely to smoke, had more comorbid illness, and were from
a lower social class compared with control subjects. The cases were
more likely to have a previous diagnosis of fall or fracture and had more
prescriptions of bisphosphonates in the previous year than the controls.

Corticosteroids and risk of osteoporosis

A dose-response relationship was observed between the number of pres-
criptions and cumulative dose the year prior and risk of osteoporosis.
Two to three OCS prescriptions were linked with larger odds of osteo-
porosis, with those receiving more OCS prescriptions (=9 vs 0 prescrip-
tions; aOR 4.50, 95%CI 3.21 to 6.11) and cumulative doses (=2500 vs
0mg; aOR 4.79, 95%CI 3.38 to 6.79) being at greater risk (table 3).

ICS exposure was associated with osteoporosis, but the effect was
less strong than with OCS. Patients prescribed 11 or more prescriptions
were 1.6 times more likely to be diagnosed with osteoporosis than con-
trols (aOR 1.60, 95%CI 1.22 to 2.10), after adjusting for confounders.
However, the risk was slightly increased with cumulative doses more
than 120mg the year prior to the index date (=120 vs Omg; aOR 1.63,

95%CI 1.33 to 1.99). The risk was similar across ICS type, but budeso-
nide had the strongest effect (aOR 1.56,95%CI 1.23 to 1.98) (table 3).

Corticosteroids and risk of fragility fracture

There was an effect of OCS on risk of FF; however, the effect size was
smaller than on osteoporosis. More than nine OCS prescriptions in
the previous year had a significant impact on risk (=9 vs 0 prescrip-
tions; a OR 2.16,95%CI 1.56 to 3.38), whereas OCS cumulative doses
at more than 1000mg led to an increased risk in the previous year,
with the risk to be greater at higher doses in comparison to controls
(22500 vs 0mg; aOR 1.99, 95%CI 1.30 to 3.04) (table 4).

Eleven or more ICS prescriptions were associated with an increased
risk of fracture (=11 vs 0 prescriptions; aOR 1.31, Eleven or more ICS
prescriptions were associated with an increased risk of fracture (>11 vs
0 prescriptions; aOR 1.31,95%CI 1.02 to 1.68) (table 4). Patients expo-
sed to cumulative doses at more than 120mg in the year prior to the FF
were 1.2 times more likely to sustain FF (aOR 1.20,95%CI 1.08 to 1.42).
No significant association between any ICS type and FF was found.

Long-term exposure

The ORs in different period analyses were similar to those found
when a 1-year period prior to the index date was used to identify the
exposure status (onine supplemental tables E2-E5).

Sensitivity analysis

When only patients with at least one ICS prescription before the index
dates were included, the risk of both osteoporosis and FF were similar
compared with the main analysis (onine supplemental tables E6 and
EB). After including the patients who never had OCS exposure within
the database records, the relationship between ICS, osteoporosis and
FF still held (onine supplemental tables E7 and E9).

Bisphosphonate use

The prevalence of OCS users receiving at least one bisphosphonate
prescription was 31.4% and 21.4% for osteoporosis and FF, respec-
tively (table 5). When ICS users without an OCS prescription in the
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Table 4 Association between oral and inhaled corticosteroid exposure in the year prior to the index date and risk of fragility fracture

Cases Controls
Type of exposure N % N % Unadjusted OR (95%Cl) Adjusted* OR (95%Cl) P valuet
No OCS use (reference) 1663 78.0 3676 83.1 1.00 1.00
OCS prescriptions (n) .0002
1 219 10.3 410 93 1.23(1.03 to 1.48) 1.11(0.91 t0 1.34)
2-3 112 5.3 171 3.9 1.43(1.10 t0 1.85) 1.24(0.95t0 1.62)
4-8 85 4.0 123 2.8 1.56 (1.16 to 2.10) 1.31(1.12t0 1.77)
>9 52 2.4 41 1.0 2.70 (1.75t0 4.17) 2.16 (1.56 to 3.38)
0CS cumulative dose (mg) 0.0001
<500 279 13.1 507 11.5 1.25(1.06 to 1.48) 1.11(0.92t0 1.32)
501-1000 60 2.8 98 2.2 1.39(0.98 to 1.96) 1.20 (0.84 to 1.70)
1001-2500 79 3.7 93 2.1 1.84 (1.33 0 2.55) 1.54 (1.10 t0 2.14)
>2500 50 2.4 47 1.1 2.36 (1.56 t0 3.59) 1.99 (1.30 to 3.04)
No ICS use (reference) 1081 50.7 2527 57.1 1.00 1.00
ICS prescriptions (n) .010
1-6 678 31.8 1330 30.1 1.19(1.05 to 1.35) 1.02 (0.89 t0 1.17)
7-10 219 10.3 340 7.7 1.51(1.24t0 1.84) 1.24 (1.01 to 1.53)
>11 153 7.2 224 5.1 1.66 (1.30t0 2.11) 1.31(1.02 to 1.68)
ICS type
Beclomethasone 510 23.9 984 223 1.21(1.06 to 1.40) 1.10 (0.94 10 1.28) 213%
Budesonide 176 08.3 333 7.5 1.29(1.04 to 1.59) 1.14(0.90 to 1.44) .269%
Fluticasone 341 16.0 548 12.4 1.38 (1.16 to 1.63) 1.04 (0.85 to 1.26) .679%
Ciclesonide 16 0.8 74 0.5 2.21(1.09 to 4.48) 1.75(0.82 t0 3.75) .145%
ICS cumulative dose (mg)§ 0.021
<40 257 12.1 560 12.7 1.06 (0.89 to 1.26) 0.94 (0.78 to 1.31)
41-80 248 11.6 433 9.8 1.35(1.12t0 1.62) 1.13(0.93 to 1.63)
81-120 194 9.1 332 7.5 1.35(1.10 to 1.65) 1.14(0.90 to 1.78)
>120 348 16.3 564 12.8 1.47 (1.2510 1.74) 1.20 (1.08 to 1.42)

Percentages have been rounded and so might not total 100.

*Adjusted for smoking, body mass index, social class (ie, Index of Multiple Deprivation), Charlson Comorbidity Index score, any previous fracture, any previous fall, bisphosphonates,

and number of ICS or OCS prescriptions accordingly.

P values for trend unless otherwise stated. The values are referred to the adjusted model.
P values from the Wald's test.

§Unable to determine cumulative dose in 29 individuals.

1CS, inhaled corticosteroid; OCS, oral corticosteroid.

year prior to the index date were included, the percentage of patients
receiving at least one bisphosphonate prescription decreased further
by around 2%. Only around 50% of patients receiving nine or more
OCS prescriptions had at least one bisphosphonate prescription.

DISCUSSION

Our findings provide evidence that both OCS and ICS exposure have
deleterious effects on bone health. We found a clear dose- response
relationship, with higher cumulative doses and number of OCS and
ICS prescriptions being associated with increased odds of osteoporo-
sis and FE. The percentage of patients receiving bisphosphonates after
OCS initiation was low.

Our findings are similar to the limited literature. Bloechliger et al*’
reported a significant dose-response association between first episode
of a bone-related condition and cumulative OCS dose in patients with
asthma using a nested case-control design, but they did not report the
odds for osteoporosis and fractures separately. Similarly, a cross-sec-
tional study found that OCS were associated with an increased OR for
osteoporosis (OR 6.55; 95%CI 4.64 to 9.21) and fractures (OR 1.65;
95%CI 1.14 to 2.39) when comparing patients with severe asthma
requiring regular OCS treatment with non-asthma controls.'® Our
study adds more details by defining the exposure based on the num-
ber of prescriptions and cumulative dose, capturing both the shortand
long-term users. Cumulative doses more than 1000mg within a year
had a significant effect. Price et al*® examined the risk of osteoporosis
and osteoporotic fractures in patients with asthma exposed to OCS
and found similar estimates for cumulative doses. Our data are also in
line with a study reporting that the odds of developing bone- and mus-
cle-related complications increased significantly in a dose-dependent
manner with OCS use.”” We also found that the number of prescrip-
tions within a year (ie, intermittent use rather than regular) was asso-
ciated with adverse bone effects, supporting the view that even short
courses of OCS are harmful to bone health.®

Although the benefits of ICS in asthma are well-documented,’ the
detrimental effects of ICS on bones have been less clearly quantified,

with the majority of the limited literature being relevant to the general
population and not to asthma. A Canadian study of elderly women
failed to detect a high risk of hip fracture (rate ratio 0.92; 95%CI 0.75
to 1.12).% Suissa et al’' found no increased risk of fracture at recom-
mended doses of ICS, but they reported a rate ratio of fracture equal
to 1.61 (95% CI 1.04 to 2.50) for 22000 pug of ICS per day, although
this study included only older people (=65years) who were already at
a higher risk of fractures. Hubbard et al*> used CPRD data to reveal a
dose- response relationship and increased odds of hip fracture of 1.19
(95% CI 1.10 to 1.28) when adjusting for annual prescriptions of OCS
which is similar to the ORs found in our study. Another study, com-
paring ICS users with non-users, found increased HRs for fracture
ranging from 1.13 to 1.51 depending on the fracture site.”® Our study
adds to the literature by providing estimates not only about the risk of
osteoporosis, which are lacking, but also of FE capturing a wide range
of of severity of asthma, while adjusting for important confounders.

The low percentage of bisphosphonate use after the first OCS pres-
cription in the year prior the osteoporosis or FF diagnoses is disappoin-
ting as this class of drugs is considered the most effective bone protective
agent. There is guidance on the prevention of bone loss due to OCS in
the general population, suggesting bisphosphonate treatment for adults
taking, for more than 3 months, any dose* * or >2.5mg prednisone
daily.* There is no current recommendation for bisphosphonate therapy
among ICS users. We found that only a minor percentage of ICS users at
high risk had at least one bisphosphonate prescription after the first ICS
prescription in the year prior to the osteoporosis or FF date.

Current guidelines on asthma do not cover the management of
bone comorbidities in detail. Although the British Thoracic Society/
Scottish Intercollegiate Guidelines Network and the GINA guideli-
nes on asthma management cover specific comorbidities including
osteoporosis, no specific bone protection guidance is given?? and the
asthma guideline from the National Institute for Health and Care
Excellence (NICE) does not mention osteoporosis at all.”” Our results
suggest that risk and prevention of osteoporosis and FF should be
addressed explicitly in future guideline updates.
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Table 5 Prevalence of patients using at least one bisphosphonate prescription after the oral and inhaled corticosteroid initiation in

the year prior to the osteoporosis and fragility fracture diagnosis

Osteoporosis

Patients with at least Patients per corticos-

Fragility fractures

Patients with at least one BP  Patients per corticos-

one BP prescription teroid category Prevalence prescription teroid category Prevalence

Type of exposure N N % N N %

OCS prescriptions (n)

Overall 401 1275 31.4 259 1208 21.4
1 108 559 19.3 92 629 14.6
2-3 99 309 31.7 50 283 17.6
4-8 119 259 45.9 72 208 35.5
=9 75 148 50.6 45 93 48.4

ICS prescriptions (n)

Overall 868 2566 33.8 573 2944 19.4
1-6 532 1658 32.0 348 2008 17.3
7-10 191 514 37.1 120 559 214
=11 145 394 36.8 105 377 27.8

ICS prescriptions™ (n)

Overall 467 1579 29.5 314 1685 18.6
1-6 314 1100 28.5 203 1434 14.2
7-10 90 280 32.1 63 348 18.1
=11 63 199 31.6 48 217 22.1

ICS users without an OCS prescription the year prior to the index date.

BP, bisphosphonate; ICS, inhaled corticosteroid; OCS, oral corticosteroid.

ORCID iDs

The main strengths of our study are the large study size and use of
linked data. By using linked data, we have been able to provide more
complete estimates of osteoporosis and fractures incidence, captu-
ring not only those recorded in primary care as vertebral fractures
or osteoporosis often do not come to clinical attention in primary
care, and people might not be aware of these conditions® before a
hospitalisation. Our study reports separately the risk stratifying data
by dose, number of prescriptions, and type of OCS and ICS providing
pragmatic guidance to clinicians. The dose-response relationship
between ICS, osteoporosis and fractures held, even after excluding
each individual with a previous OCS exposure within the databse
records. The population-based setting means the findings are gene-
ralisable to the wider population.

This study has some limitations. Diagnostic misclassification may
occur, as we were reliant on general practitioners recording these con-
ditions. However, these diagnoses have been previously validated in the
database, demonstrating a positive predictive value of around 90%.% *°
Because of the nature of our data, we may have included some non-
fragility fractures; however, we acted properly to minimise as much as
possible this bias. The dose-response relationship may need to include
number of years on OCS or ICS; however, the patients’ medical records
do not go back indefinitely. Patients may have been using a drug pres-
cribed before the examined index periods; however, this would bias the
results towards the null hypothesis. Inhalers can be difficult to use cor-
rectly, and adherence is unlikely to be perfect, leading to lesser intake
of actual dose underestimating the relationship between a prescribed
ICS dose and bone health. Our exposure was defined based on corti-
costeroid prescriptions and not on actual compliance.

CONCLUSIONS

In summary, both OCS and ICS are associated with an increased risk
of osteoporosis and FF in people with asthma. The use of OCS and
ICS should be kept to the minimum necessary to treat symptoms
and should be stepped down if symptoms and exacerbations are well
managed. Bisphosphonate comedication should be considered accor-
ding to guidelines for bone protection.
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Teste de avaliacao de DPOC para avaliacao dos

sintomas de COVID-19

Enya Daynes,"? Charlotte Gerlis, Samuel Briggs-Price,' Paul Jones,? Sally J Singh'~

RESUMO

Existem evidéncias que demonstram os sintomas continuos
da COVID-19. Contudo, atualmente, ndo existem resultados
consensuais para a avaliacdo destes sintomas. Este estudo
examinou a utilizacdo do teste de avaliagdo (TAC) para
doenca pulmonar obstrutiva crénica (DPOC) em doentes
em recuperacao de COVID-19. 131 doentes admitidos com
COVID-19 foram acompanhados por contacto telefonico
para avaliacdo dos sintomas. A pontuacdo mediana (IQR)
do TAC foi de 10 (5-16). As categorias de tosse, fleuma e
aperto no peito encontravam-se dentro dos limites para
pessoas saudaveis, mas registaram-se indicios de falta de
ar, perda de energia, atividade e distlrbios do sono. A TAC
é uma ferramenta Util para avaliar os sintomas de recupe-
racdo da COVID-19.

INTRODUCTION

Symptoms due to the SARS-CoV-2 (COVID-19) are
varied but the chief respiratory symptoms are cough,
sputum and breathlessness." It is not clear how long
these specific symptoms persist after the initial acute
event but it is becoming clear that some patients will
have complex rehabilitation needs.'> Due to the novel
nature of the disease, there are no outcome measu-
res specifically designed to assess patients following
COVID-19. The chronic obstructive pulmonary
disease (COPD) assessment test (CAT) is an eighti-
tem questionnaire designed to assess common COPD
symptoms but has been used in many respiratory disea-
ses and is widely used within respiratory medicine and
pulmonary rehabilitation.? It uses an eightpoint diffe-
rential item response scale to assess: cough, sputum,
chest tightness, breathlessness, activity limitation,
confidence leaving the home, sleep and energy. These
domains have significant overlap with the commonly
reported symptoms for patients experiencing COVID-
19.The CAT has been used in healthy subjects in whom
the mean score was 6.9 (SD 6.2),> with 83% of healthy
volunteers screened having a CAT score of <10.4 These
normative data allow us to assess patients with COVID-
19 in the absence of a previous CAT score. The aim of
this study was to assess the use of the CAT total and
item scores in patients recovering from COVID-19 in
order to assess symptom-based needs.

METHODS
This was an observational cohort study of patients
discharged from hospital following an admission of
COVID-19, either by positive swab or clinical diagnosis.
All patients admitted with COVID-19 to the University
Hospitals of Leicester were eligible for this study.
Patients were followed up by a phone consultation after
discharge to assess symptoms and rehabilitation needs.
Participants were excluded if their primary cause for
admission was not COVID-19 or its related symptoms.
They were recruited and completed the CAT over the
phone. Participants also completed the Functional
Assessment of Chronic Illness Therapy (FACIT)® and
Hospital Anxiety and a Depression Scale (HADS)®
questionnaire, alongside baseline demographic infor-
mation and self-reported physical activity (categorised
as no exercise experience, exercised previously but not
currently or currently undertakes exercise, or reports
30min of activity per day for 5 days). Information was
collected about their admission including hospital bed
days and number of days ventilated.

Data were analysed using SPSS V.25. Associations
between length of stay, ventilation status and ques-

tionnaires and CAT total and item scores were tested
using Spearman’s rank order correlation.

RESULTS

One hundred and thirty-one patients were recrui-
ted, 30.5% had a pre-existing respiratory condition,
mainly asthma (15.3%) and COPD (9.9%). The mean
(SD) time to telephone call post discharge was 32 (18)
days. Participants were predominantly men (58.8%)
with a mean (SD) age of 60 (14) years. The average
length of stay was 10 (12) days with 21 (16%) patients
requiring ventilation (invasive n=18 or non-invasi-
vely n=3). One-third of which, (34%) had a pre-exis-
ting respiratory condition and the mean (SD) number
of comorbidities was 1.9 (1.5), ranging from 0 to 7.

Median (IQR) CAT total and item scores are
shown in table 1 and figure 1. In the whole popula-
tion, 52% had CAT total scores 210. Of the patients
with no pre-existing lung disease 42% had score =10,
and in the patients with preexisting lung disease this
proportion was 75%.

There were no statistically significant correlations
with the CAT with length of stay (r=—0.07, p=0.41),
number of days ventilated (r=0.10, p=0.69) or FACIT
(r=0.05, p=0.57). There were statistically signifi-
cant moderate correlations with the HADS anxiety
(r=0.51, p<0.01) and depression (r=0.57, p<0.01)
scores and self-reported physical activity (r=0.26,
p<0.01). There were no correlations between CAT
score and time between discharge and telephone call
(r=-0.14, p=0.13) (figure 2) or time between admis-
sion and follow-up call (r=0.07, p=0.46). The mean
(SD) FACIT Score was 27.7 (13.9) with n=58 (54%)
demonstrating ‘severe fatigue, but there were no sta-
tistically significant differences in those with/without
severe fatigue in length of stay, number of days venti-
lated, CAT total or item scores, or HADS.

DISCUSSION
These results demonstrate a high CAT total score
for patients following an admission of COVID-19.
Symptoms relating to the airways (cough, phlegm and
chest tightness) scored close to previously reported
healthy persons of a similar age4; however, those with
a pre-existing respiratory disease had higher phlegm
scores. In contrast, breathlessness, activity limitation,
confidence to leave the home, sleep and energy were
worse, even in patients with no previous diagnosed
lung disease. Confidence leaving the house appears to
be a concern, but this should be framed in the context
of lockdown and social distancing measures, so it is dif-
ficult to ascribe causality to this item score. There was a
relationship between CAT and anxiety and depression
and it is possible that a higher burden of symptoms
can lead to anxiety and depression but also anxiety and
depression may lead to increased severity of symptoms.
Unlike other critically ill patients, patients with COVID-
19 are exposed to mass media reporting of their con-
dition and the impact this may have on symptom
reporting or anxiety and depression is unknown.
Patients with pre-existing lung disease were more
likely to have CAT scores >10 than those without due
to more breathlessness, activity limitation and sleep
disturbance, but loss of energy was similar in the two
groups. This similarity is unlikely to be due to a ‘floor
effect’; since the scoring range for each item is 0-5 and
scores are =2.6 for both groups. We conclude that poor
energy is principally due to the post-COVID-19 state.

BM)

Daynes E, et al. Thorax 2021;76:185-187. doi:10.1136/thoraxjnl-2020-215916 €3 133



Breve comunicacao

Cough Phlagm Chirst lighinoss Breathless
[ w e »
N "
% A0 ¥
# # o ae &
=
m "W
114 »
& b [ EES
[ IS | 2 3 4 5 1] 1 T 3 4 L ] e 1 ] 3 4 ] & 1 2 4 5
BLore B Bradw Brore

ADL Confidence Enargy

Sleep
& M ] 3
» i o
E
# 20 * #* #
n
1
% Fol i
! ®
L | i 3 4 L ]
Bt

@ L
a 1 z 3 4 8 a1 2 3 4 8
Seedw Boone Beone

Figure 1 Percentage of participants scoring 0—5 per domain of the COPD assessment test. ADL, activities of daily living; COPD, chronic obstructive pulmonary disease.

Table 1 Mean (SD) for all patients and split by presence or absence of pre-existing respiratory disease

Al No pre-existing lung disease Pre-existing lung disease Non-COPD persons*

Type of exposure n=131 n=91 n=40 P value n=481

CAT total 10 (5-16) 9(5-14) 13 (8.75-18.75) <0.01 6.9(6.2)
Cough 1(0-2) 1(0-2) 1(0-2) 0.42 1.3(1.1)
Phlegm 0(0-1) 0(0-1) 1(0-2) 0.05 0.8(1.1)
Chest tightness 0(0-1) 0(0-1) 0(0-2) 0.96 0.6 (1.0)
Breathlessness 2 (0-4) 2 (0-3) 3 (1-4) 0.02 1.0(1.3)
Activity limitation 2(0-3) 1(0-3) 2(0-4) 0.14 0.6(1.1)
Confidence to leave home 0(0-3) 0(0-3) 0(0-2) 0.82 0.2(0.8)
Sleep 1(0-3) 1(0-3) 2 (0-4) 0.05 0.9(1.2)
Energy 3(2-4) 3(1-4) 3(2-3) 0.70 1.4(1.2)

Non-COPD persons—data from Raghavan et al* presented as mean (SD).
CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease.

The time to follow-up call from discharge varied between patients,
with a large SD and while we may have expected a trend to reducing
symptoms over time, the length of follow-up did not affect the results.
This suggests either limited/slow natural recovery or potentially higher
initial CAT scores if patients were followed up earlier. The time to first
contact was affected by staffing and high numbers of discharge early on.
Follow-up would ideally be within 1week of discharge. The study sample
demonstrated a higher presence of respiratory conditions and a youn-
ger group than previously reported. This sample was representative of
those who were admitted to the University Hospitals of Leicester, which
is a specialist respiratory centre and may explain the increased presence
of pre-existing respiratory disease. As this was an observational cross-
sectional analysis, the change in CAT score over time is yet to be explo-
red. Additionally, the CAT was administered over the phone; however, it
has previously been demonstrated to have high validity when conducted
over the phone, which is comparable to face to face administration.” This
study explored the use of the CAT in previously hospitalised patients and
its exploration in patients with COVID-19 (symptoms or diagnosis) in
the community is important, given that their experiences may be diffe-
rent; however, it is quick and easy to administer and could add value to
assessments in primary care and the community.

The results of this study demonstrate higher reported symptoms for
four out of eight items on the CAT and that total scores >10 were seen

in over half of patients including those without previous lung disease.
Global Initiative for Chronic Obstructive Lung Disease® has recommen-
ded that CAT scores >10 in patients with COPD should be the threshold
for maintenance treatment in COPD. While the CAT score can assess
needs for rehabilitation, there is no defined threshold for patients whom
might benefit from intervention post-COVID-19. It is important that
a recovery programme addresses all aspects of the condition including
anxiety and depression. There is an established minimal clinical impor-
tant difference of two points in patients with COPD?’; however, the appli-
cation of this to a COVID-19 needs to be assessed due to social influences
on symptom perception and expectations of treatment benefit in this
condition. While the CAT can be used to guide treatment but further
research is needed to identify impact of interventions.

The CAT can provide insight into the severity of symptom burden
for patients following a hospitalisation for COVID-19 and could be
considered to assess ongoing symptoms following COVID-19.
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‘COVID de longo prazo": um estudo transversal dos
sintomas persistentes, biomarcadores e anomalias
imagioldgicas apos a hospitaliza¢ao por COVID-19

Swapna Mandal," Joseph Barnett,2Simon E Brill,' Jeremy S Brown,* Emma K Denneny,* Samanjit S

Hare,” Melissa Heightman,* Toby E Hillman,* Joseph Jacob,>® Hannah C Jarvis," Marc C I Lipman,'?
Sindhu B Naidu," Arjun Nair,® Joanna C Porter,** Gillian S Tomlinson,*” John R Hurst,? ARC Study Group

RESUMO

Um elevado nlimero de pessoas esta a receber alta hospi-
talar na sequéncia da COVID-19 sem ser submetida a uma
avaliacdo da recuperacdo. Em 384 doentes (idade média
de 59,9 anos; 62% do sexo masculino), no seguimento
de uma mediana de 54 dias ap6s a alta hospitalar, 53%
referiu falta de ar persistente, 34% tosse e 69% fadiga.
14,6% apresentou depresséo. Entre os que receberam alta
hospitar com biomarcadores elevados, 30,1% apresentou
d-dimeros elevados e 9,5% proteina C-reativa elevada.
38% das radiografias de torax permaneceram anormais,
com 9% em deterioracdo. O acompanhamento sistematico
apos hospitalizacdo com COVID-19 identifica a trajetéria da
carga dos sintomas fisicos e psicoldgicos, a recuperacéo dos
biomarcadores sanguineos e imagiolégicos que poderiam
ser utilizados para informar a necessidade de reabilitacdo
e/ou de mais investigacdes.

INTRODUCTION

Large numbers of people are being discharged from
hospital following COVID-19 without systematic
assessment of their recovery and need for rehabilita-
tion or further investigation to detect complications.
Initial reports are emerging of significant ongoing
symptom burden' termed ‘Long-COVID), and of
changes in lung function? and imaging.’

METHOD

We rapidly established a post-COVID follow-up ser-
vice across three large London hospitals, collecting
data to identify unmet health needs and to identify
people requiring additional rehabilitation and/or
investigation for complications. In brief, we aimed
to follow up all SARS-CoV-2 positive COVID-
19 admissions by phone or in-person four-to-six
weeks after discharge. Key symptoms were graded
as absent, or present on an 11-point (0-10) scale in
which a higher score was more severe. We invited
people with abnormal blood tests or imaging at dis-
charge to repeat these. Imaging was classified using
British Society of Thoracic Imaging criteria.* Full
details of our follow-up procedures and protocol are
included as an online supplemental appendix.

RESULTS

This report summarises the clinical assessment of 384
patients reviewed a median of 54 (IQR 47-59) days
following hospital discharge with COVID-19. Three
hundred eighty-four patients represent 34% of the
total number of patients with COVID-19 discharged
during this period (online supplemental figure 1). Of
the 479 patients we attempted to contact, we were able
to complete the call in 395 (82%) and of these only
11 (2.8%) declined to participate. Data for 79 of the
95 patients in who we were unable to complete the
follow-up demonstrate similar age, sex, ethnicity and
comorbidity to those we were able to follow-up.

The characteristics of the 384 participating sub-
jects, and a summary of their COVID-19 admission
are reported in table 1. In brief, the population had a
mean age of 59.9 years and were predominantly male.
Only 34% had no reported comorbidity. Forty-three
per cent were from a black, Asian or minority ethnic
background. Eight per cent of the cohort was obese.

The median length of hospital stay was 6.5 (4-10.75)
days and 14.5% required admission to intensive care.

Patients graded their overall recovery health as
a median (IQR) 90 (75-100)% compared with 100%
best health. Recovery towards usual health was lower
in those with comorbidity (as listed in table 1) compa-
red with those without: 85 (70-100)% versus 92.5 (80—
100)%, p=0.007. Persistence of symptoms at follow-up,
by level of acute respiratory support, is reported in table
1. Follow-up symptoms were least prevalent in those
treated with oxygen alone. Further detail on the asses-
sment of physical symptoms at follow-up is reported
in online supplemental table 1, including symptom
intensity in relation to maximum, and the proportions
reporting the trajectory of symptoms to be improving,
unchanged or deteriorating. For all symptoms at follow-
-up, there was a statistically significant improvement
from maximum intensity to follow-up (p<0.0001). In
those with persistent breathlessness, patients assessed
earlier post discharge tended to have higher breathles-
sness scores (figure 1) suggesting a trend to impro-
vement over time. The trajectory for cough, fatigue
and sleep quality is illustrated as online supplemental
figures 2-4. 14.6% of participants had a PHQ2 score of
greater than 3 indicating significant depression.

The results of blood investigations at admission,
the last time point prior to discharge and follow-up, are
reported in table 2. Overall, despite significant abnor-
malities at discharge, blood test results had returned to
normal levels in the majority of patients at follow-up.
Of those with abnormal discharge results and who
attended for further blood tests, 7.3% of 247 patients
had persisting lymphopaenia, 30.1% of 229 patients
had elevated d-dimer and 9.5% of 190 patients had ele-
vated C reactive protein (CRP). The d-dimer value was
decreasing over time (online supplemental figure 5).

At presentation, 333/384 (87%) patients had a chest
radiograph performed. Of these, 49 (15%) were normal,
188 (56%) were typical of COVID-19 and 96 (29%) were
indeterminate for or unlikely to represent COVID-19.
Of the radiographs classified as typical for COVID-19,
4 did not have a severity grading, 49/188 (26%) were
reported as mild, 78/188 (41%) as moderate and 57/188
(30%) as severe. Of the 244/384 (66%) patients that had
follow-up radiographs, 151 (62%) radiographs were
normal, 66 (27%) demonstrated significant improve-
ment, 4 (2%) were unchanged and 23 (9%) showed sig-
nificant deterioration. Of the patients with radiographs
that demonstrated worsening at follow-up, 2/23 (9%)
had been normal at presentation, 10/23 (43%) had been
typical for COVID-19 and 11/23 (48%) had been inde-
terminate for or unlikely to represent COVID-19.14.8%
of follow-up patients were deemed to require further
assessment with CT chest imaging, pulmonary function
tests, other investigations or a face-to-face review.

DISCUSSION

Our data show that while symptom burden in subjects
recovering from hospital admission with COVID-19
had generally improved at early follow-up, 53% repor-
ted persistent breathlessness, 34% persistent cough and
69% persistent fatigue. Fifteen per cent were depres-
sed. Of people who attended for repeat imaging and
blood tests because investigations on discharge had
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Table 1 Baseline characteristics, features of the acute COVID
illness and symptom persistence at follow-up following hospital
discharge

Subject characteristics

Age (n=384, years) 59.9+16.1
Sex M:F (n=384, %) 62:38

Ethnicity (n=368) British Caucasian 38.8% (n=139/368)
Other Caucasian 17.1% (n=63/368)
British Asian 6.5% (n=24/368)
Other Asian 10.3% (n=38/368)
Black British 6.8% (n=25/368)
Other black 7.6% (n=28/368)
Other ethnicity 13.9% (n=51/368)

Hypertension 41.9% (n=155/370)
Diabetes mellitus 27.2% (n=101/371)
Asthma and/or COPD 17.5% (n=65/371)
Chronic kidney disease 11.0% (n=41/372)
Ischaemic heart disease 9.7% (n=36/371)

2.7/23.3/60.9

Comorbidities

Smoking: current/ever/never (n=373, %)
Covid illness

Duration of symptoms prior to admission (n=372, 7 (4-10)
days)

Level of care (n=367) Oxygen alone: 59.1% (n=217)
ICU: 14.5% (n=54)
Intubation: 7.1% (n=47)

6.5 (4-10.75)

2(2-3.75)

Length of stay (n=384, days)
Clinical Frailty Score on Admission (n=384)

Symptom persistence* (n=276)

Breathlessness 54.8/63.3/57.7
Oxygen alone/CPAP/IV (%)
Cough 32.2/36.7/46.2
Oxygen alone/CPAP/IV (%)
Fatigue 67.3/73.3/76.9

Oxygen alone/CPAP/IV (%)
Poor sleep quality
Oxygen alone/CPAP/IV (%)

Data reported as mean (+SD), median (IQR) or % as appropriate.
*Persistence defined as symptom score >1.
|V, invasive ventilation.

61.1/93.3/76.9

been abnormal, 9% had a deteriorating chest radiograph appearances
at follow-up,and 30.1% and 9.5% had persistently elevated d-dimer and
CRP concentration respectively. COVID-19 is associated with increa-
sed risk of thrombosis® but the significance of the persistent elevation
in d-dimer is unclear. Deteriorating chest radiograph appearances raise
the possibility of developing lung fibrosis. These data are compatible
with studies reporting longer term abnormalities in SARS survivors,®
and initial data emerging from smaller COVID-19 cohorts.!”

There are strengths and weaknesses to this analysis. We only
included those who tested positive for SARS-CoV-2, and patients
requiring prolonged ICU and inpatient stay may be underrepresen-
ted in this early analysis. Comparing against maximal symptoms risks
recall bias and other symptoms such as chest pain may also be impor-
tant. Not all participants were willing to take part in the review, or
attend for investigations, potentially introducing selection bias. We
cannot determine if these features are unique to COVID-19 or simi-
lar to those following admission for other critical respiratory illness.

To conclude, we provide the first report of physical and psycho-
logical symptom burden, blood markers and chest imaging trajectory
following discharge for a hospitalised episode of COVID-19. We have
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Figure 1 Patient reported breathlessness (0—10 scale) versus time of follow-up
from hospital discharge. Each circle represents an individual patient at follow-up, with
interpolation line and 90% CI. A higher score represents more severe breathlessness.

identified persisting symptoms and radiological abnormalities in a
significant proportion of subjects. These data may assist with the
identification of people outside expected recovery trajectories who
could benefit from additional rehabilitation and/or further investiga-
tion to detect post-COVID complications. Identifying which patients
have persistent dyspnoea due to complications rather than decondi-
tioning alone is an important question for future research.
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Table 2 Blood investigations at admission to hospital, discharge and follow-up

N Admission

WCC (x10%L) 337 6.99 (5.07-9.29)
Platelets (x 10%L) 337 218 (169-276.5)
Lymphocytes (x10°/L) 337 0.95(0.69-1.3)
D-dimer ng/mL 176 785 (510-1486)
Ferritin pg/L 197 861 (430-1671)
Creatinine pmol/L 335 84 (68-106)

ALT (iu/L) 288 36 (25-58.5)
AST (iu/L) 146 45 (31.8-68.5)
Glucose mmol/L 187 6.6 (5.5-7.9)
CRP mg/L 332 76 (36-157)

Data expressed as median (IQR).

ALT, alanine transaminase; AST, aspartate transaminase; CRP, C reactive protein; WCC, white cell count.

Predischarge
6.85 (5.44-8.71)
334 (243-445)
1.23 (0.92-1.69)
878.5 (547.5-2522.5)
795 (440-1458)
71 (59.7-89)

46 (30-71.3)

44 (27-67)

6.9 (5.2-8.5)

38 (16-78)

Follow-up
6.49 (5.6-7.8)
247 (210-294)
1.94 (1.44-2.52)
384 (242-665)
169 (86-271)
80 (68-91)

26 (19-39)
24.(20-30)
5.9(5.2-7.2)
1(1-4)
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Identificacao de doentes em risco de complica¢oes
apos alta hospitalar relacionadas com a infecao por

COVID-19

Jocelin Hall, Katherine Myall, Jodie L Lam, Thomas Mason, Bhashkar Mukherjee, Alex West, Amy Dewar

RESUMO

A infecdo por SARS-CoV-2 é uma doenca multissisté-
mica com sequelas apos a alta hospitalar. Reportdmos
dados de seguimento referentes aos primeiros 200
doentes internados num hospital do Reino Unido com
uma recuperacdo lenta da doenca. 4 semanas apds
a alta hospitalar, 321/957 sobreviventes (34%) apre-
sentavam sintomas persistentes. Desenvolveu-se um
protocolo estruturado de avaliacdo clinica ambulatdria
e 0s resultados dos primeiros 200 doentes observados
entre 4-6 semanas ap6s a alta sdo aqui apresentados.
Em 80/200 (40%), identificdmos uma causa cardiores-
piratoria para a falta de ar no sequimento, incluindo
anomalia parenquimatosa persistente (64 doentes),
embolia pulmonar (quatro doentes) e complicacbes
cardiacas (oito doentes). Estas descobertas ocorreram
tanto em doentes internados em unidade de cuida-
dos intensivos (UCI) como em doentes tratados em
enfermaria, embora os doentes que necessitavam de
internamento em UCI fossem mais suscetiveis de apre-
sentar uma causa cardiorrespiratdria significativa pela
sua falta de ar, com um racio de risco de 2,8 (95% IC
1,5a5,1).

BACKGROUND

On 11 March 2020, WHO declared SARS-
CoV-2 or COVID-19 a global pandemic. As of
late December 2020, 2 149 551 cases had been
recorded in the UK.! The long-term outcome
for these patients is unknown. However, recent
studies indicate potential long-term complica-
tions ranging from disturbance of taste/smell,’
cough,’ fatigue and dyspnoea®” to more pro-
nounced cardiac,® respiratory**” and cognitive
dysfunction.?”

METHOD
As the early Guy’s and St Thomas’ Hospital
patients diagnosed with COVID-19 were being
discharged, a post-COVID clinic was estab-
lished to address the unmet needs of those with
persistent symptoms. All patients attending the
Hospital with either a positive PCR for COVID-
19 or a negative PCR but a clinicalradiological
diagnosis were telephoned 4 weeks after dis-
charge. Those with persistent symptoms and
those who had required intensive care unit
(ICU) admission were invited for review. Those
reporting a return to baseline were offered a
chest radiograph at 12 weeks, consistent with
national guidance.®

Patients attending the clinic were evalua-
ted*® weeks post-discharge by Respiratory or
Infectious Disease Specialists. Further details
of the follow-up pathway are found in figure 1.
History and physical examination were under-
taken; data collected on baseline characteristics
and function; chest radiograph and blood tests
performed; and health status questionnaires
completed. Patients completed a 6 min walk test
(6MWT) where physically able.

Further assessment was based on physiologi-
cal impairment and patient-reported symptoms.
Available investigations included: dual energy
CT or high-resolution CT, ventilationperfusion
scanning, spirometry with gas transfer (limited
due to the aerosol-generating nature of the pro-
cedure), echocardiography and ECG. Onward
referral to other specialist teams for early assess-
ment was effected.

Data collected was analysed using SPSS V.27
(IBM). Variables are expressed as mean+SD for
parametrc data or median +IQR for nonparame-
tric data. ICU versus non-ICU values are com-
pared either by independent samples t-test for
parametric variables or by mann-whitney U test
for non-parametric variables. Risk ratios are cal-
culated using a X* analysis.

RESULTS

By the end of May 2020, 1272 patients had been
diagnosed with COVID-19 of whom: 1239 (97%)
had PCR-confirmed disease; 241 (19%) patients
had died; 74 (6%) remained as inpatients. Of the
remaining 957 patients: 122 (13%) were uncon-
tactable, 61 (6%) declined any further follow-up,
139 (15%) were considered unsuitable to attend
clinic because they were housebound due to fra-
-ilty or because they were unwell with unrelated
conditions; 314 (33%) had returned to functional
baseline. Three hundred and twenty-one (34%)
patients reported persistent symptoms and were
invited for clinical review. We report data from
the first 200 patients with a PCR confirmed diag-
nosis who were seen due to persistent symptoms.

The mean age was 54.8+15.0, 61.5% were
male and the majority were overweight (mean
body mass index 28.8+6.1). Further characteris-
tics are described in table 1.

Of the 200 seen, 179 had received inpatient
care, the remaining 21 patients been discharged
directly from the emergency department. The
majority had not been critically unwell and only
55 (27.5%) patients had ever received mechanical
ventilation. Other features of their admission are
highlighted in table 2.

During evaluation (table 3), patients repor-
ted their Medical Research Council (MRC)
dyspnoea score (graded 1-5) post-illness and
retrospectively graded their baseline score pre-
-illness. A persistent deterioration of two or
more MRC points was observed in 36 (18%)
patients. Of the 170 patients that underwent
6MWT, 34 (20%) had an oxygen desaturation
of 4% or more. Of those that went on to com-
plete lung function tests (n=59), 16 (27%) had
a predicted forced vital capacity of 80% or less
and 26 (44%) had a transfer factor for carbon
monoxide of 70% or less. Screening for anxiety
and depression, using standardised tools, iden-
tified similar prevalence to that seen in general
medical inpatients.’
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Figure 1  Post-discharge follow-up pathway outcomes. ICU, intensive care unit; HDU, high dependency unit.

The dominant finding in those seen was persistent intersti-
tial change in 64 (32%) patients on CT. Other respiratory fin-
dings included 4 (2%) patients with a previously unidentified
pulmonary embolus, lung infarcts (n=2), Klebsiella pneumonia
(n=1) and Pneumocystis jirovecii pneumonia (n=1). Either a
previously undiagnosed or deterioration of existing cardiac
cause for ongoing symptoms was found in eight patients (4%):
pericarditis, persistent sinus tachycardia, hypertrophic car-
diomyopathy and inferior regional wall motion abnormality,
an atrial septal defect with new reversal of shunt, pulmonary
hypertension, left ventricular hypertrophy and worsening of
pre-existing heart failure.

Asymptomatic patients were followed up as per national
guidance with chest radiograph at 12 weeks, 169/314 (54%)
attended. Of these, 137 (81%) patients had a film reported
as normal by a radiologist. The remaining patients were
reviewed by telephone, 8 (2.5%) had known preinfection
abnormalities to their chest X-ray but 24 (14%) had resi-
dual parenchymal change. Seventeen patients (10%) had no
symptoms or change in function and so no further follow-up
was arranged. For 7/169 (4%) cases, possible persistent issues

Table 1 Baseline characteristics

were identified and these patients were offered face-to-face
clinical assessment.

DISCUSSION

With the COVID-19 global pandemic yet to peak, these early
results indicate likely long-term morbidity in a significant
number of patients. Of those seen, 119/200 (60%) had persis-
tent subjective symptoms despite no radiological or physio-
logical abnormality being identified and these patients with
‘post-COVID-19 syndrome’ are likely to create a considera-
ble healthcare management dilemma. However, 40% of those
seen did have a significant finding. A limitation of our work
is that only symptomatic patients were physically reviewed,
and while only 4% of these patients went on to have signi-
ficant findings requiring further follow-up, we advise scree-
ning for persistent symptoms in all patients in the weeks after
discharge to ensure complications are identified. In addition,
given these patients were admitted early in the pandemic, our
non-ICU cohort had relatively mild disease, with only 50%
requiring oxygen therapy. These findings suggest that more
thorough follow-up of patients is indicated than is currently
recommended under the BTS guidance,® and support the more
robust approach advised in by the recently published National

(n=200) ICU (n=77) Non-ICU (n=123) Institute for Health and Care Excellence guidelines.'’ The out-
Age (years) (mean5D) R YT G come (?f this cohort of early patients highlights the current
) limitations of our knowledge of COVID-19 recovery. Planned
Sex (% male) 61.5 66.2 58.5 R’ oo
BMI (kg/m?) (meansSD)  28.8+6.1 30.8:14.8 261261 studies, such as the UK-based post-hospitalisation COVID-
Current smokers (%) 30(15.0) 13(9.8) 12(15.7) 19 study (PHOSPCOVID), will further elucidate the clinical
Comorbidities (%) trajectory and improve understanding of differences in patient
Obesity 72 (36.0) 37 (48.1) 35(28.5) outcomes.
Diabetes 55 (27.5) 21(27.3) 34(27.6)
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Table 2 Admission characteristics

(n=200) ICU (n=77) Non-ICU (n=123) ICU versus non-ICU
Inpatient (%) 89.5
Length of stay (days) (median +IQR) 9+15 20+20 4+7 p<0.001
Oxygen therapy (%) 139 (69.5) 77 (100.0) 62 (50.4)
Maximum required FiO2 (%) n (%)
21 61(30.5%) 0(0.0) 61(49.6)
24-36 53 (26.5%) 5(6.5) 48(39.0)
40%-60% 35(17.5%) 21(27.3) 14(11.4)
>60% 51 (25.5%) 51 (66.2) 0(0.0)
Invasive mechanical ventilation (%) 55 (27.5) 55 (71.4) na
Inpatient systemic steroid treatment, oral or intravenous (%) 29 (14.5) 21(27.3) 8(6.5)
Peak d-dimer (0.00-0.55 mg/L) 3.5+10.6 19.9+25.9 3.1+10.5 p<0.001
Peak ferritin (30-400 pg/L) (median +IQR) 1360+1450 2492+1518 775+1206 p<0.001
Nadir lymphocyte (1.2-3.5x10°/L) (median +IQR) 0.70+0.30 0.6+0.3 0.9+0.5 p<0.001
Peak C reactive protein (0-4 mg/L) (median +IQR) 241.0+235 304.5+211 102.0+162 p<0.001
Fi02, fractional inspired oxygen; ICU, intensive care unit.
Table 3 Structured assessment clinic
(n=200) ICU (n=77) Non-ICU (n=123) ICU versus non-ICU
MRC (median +IQR) 2+1 3+1 2+1 p=0.026
Delta MRC (median +IQR) 1+1 1+1 1+1 p=0.04
6MWT (n=170)
Distance (m) 342+169 3424305 429+306 p=0.181
% predicted (median +IQR) 70.4+42.0 63.9+54.5 70.4+40.8
Resting Sp02 (%) (median +IQR) 96.0+2.0 96.0+2.0 96.0+2.3 p=0.996
Nadir Sp02 (%) (median +IQR) 94+4 94+4 94+4 p=0.858
>4% desaturation 34 12 22 p=0.693
Max HR (median +IQR) 1M1+17 108+20 115+16 p=0.310
D-dimer (0.00-0.55 mg/L) (median +IQR) 0.48+1.00 0.99+1.00 0.46+1.00 p=0.126
Ferritin (30-400 ug/L) (median +IQR) 164+234 186+234 145+216 p=0.340
Lymphocyte (1.2-3.5x109/L) (median +IQR) 1.9+1.0 2110 1.8+0.9 p=0.001
C reactive protein (0—4 mg/L) (median +IQR) 6.2£2.0 6.5£3.0 2.0£3.0 p=0.597
Questionnaires
PHQ9 (median +IQR) 3.0+11.0 7.0+12 8.0+11.3 p=0.621
PHQ9 =10 (%) 32 (16%) 11(14.3) 21(17.1)
GAD7 (median +IQR) 4.0£9.5 8.0£11.0 3.0£6.0 p=0. 168
GAD7 210 (%) 22 (11%) 11(14.3) 11(8.9)
STOPBANG (median +IQR) 3.0+2.0 3.0+1.0 2.5+1.8 p=0.682
STOPBANG =>4 (%) 36 (18.0) 12 (15.6) 22(17.0)
RR (95% Cl)
Cardiorespiratory cause of breathlessness 81(40.5) 43 (55.8) 38 (30.9) 2.8(1.5t05.1)
Persistent parenchymal change (%) 64 (32.0) 35 (45.5) 29 (23.6) 2.7(1.41t04.9)
PE (%) 4(2.0) 1(1.3) 3(2.4) 0.5(0.1t05.1)
Other respiratory (%) 5(2.5) 4(5.1) 1(0.8) 6.7 (0.7 t0 60.1)
Cardiac (%) 8(4.0) 2(2.6) 6(4.9) 0.7(0.210 2.6)

GAD7, generalised anxiety disorder questionnaire 7; HR, heart rate; ICU, intensive care unit; 6MWT, 6 min walk test; PHQ9, patient health questionnaire 9; RR, risk ratio; SpO2, oxygen saturations;
STOPBANG, snoring, tiredness, observed apnoeas, high blood pressure, BMI, age, neck circumference and male gender questionnaire.
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Hesitacao na vacinacao em paises de rendi-
mentos médios e baixos: potenciais implica-
cOes para a resposta a COVID-19

Sunil Bhopal, " Maryke Nielsen#3

Nesta fase da pandemia da COVID-19, as crian-
¢as sdo relativamente poupadas aos efeitos dire-
tos do virus SARS-CoV-2, mas o seu papel na
transmissdo é pouco compreendido. As con-
clusdes sobre estas questdes exigem prudéncia,
uma vez que a natureza da pandemia e do virus
¢é mutdvel. As organizagdes mundiais de satde e
0s governos nacionais estdo a colocar esperan-
¢as num regresso a uma quase normalidade no
desenvolvimento de uma vacina segura e eficaz
que possa ser rapidamente fabricada e fornecida
em todo o mundo para uma utilizagdo em larga
escala em tempo recorde. Atualmente, existem
mais de 100 candidatos a vacinas deste tipo com
estudos de fase 1,2 e 3 em curso. Os adultos em
risco elevado de COVID-19 podem optar, na sua
esmagadora maioria, por receber uma vacina,
mas continua por esclarecer se uma campanha
de vacinagio dirigida exclusivamente a adultos
sera suficiente para interromper a transmissao.

Alguns especialistas estimam que, no minimo,
serd necessaria uma imunizagio de 60% da popu-
lagdo.! Este numero aumenta se o R aumen-
tar. Particularmente nos paises de rendimentos
médios e baixos (PRMB) com uma elevada pro-
porgio de jovens e programas de vacinagio de
adultos ndo muito bem implantados, a vacinagéo
infantil generalizada poderd também vir a ser
necessaria. Isto leva-nos a considerar a provavel
aceitabilidade de uma nova vacinagdo COVID-19
para criangas, que sdo - nesta fase da pandemia -
na sua maioria pouco afetadas pela COVID-19.A
boa noticia é que as vacinas sdo amplamente acei-
tes nos PRMB. De acordo com os resultados do
Wellcome Global Monitor de 2018, um inquérito
a 140000 individuos em 140 paises sobre as opi-
nides publicas em relago a satde e a ciéncia, 94%
€ 90% dos participantes no Sul da Asia e na Africa
Oriental, respetivamente, descreveu a vacinagio
como eficaz. Do mesmo modo, 95% e 92% dos
participantes no Sul da Asia e na Africa Oriental
consideraram as vacinas como seguras.” Em com-
paragdo com a Europa Ocidental, apenas 59%
dos participantes consideraram as vacinas como
seguras. E de salientar que esta percegio de segu-
ranga foi mais elevada nos paises de rendimentos
baixos, de rendimentos médios inferiores e de
rendimentos médios superiores, onde os inquiri-
dos reportaram niveis mais elevados de confian¢a
em cientistas, médicos e enfermeiros. O Grupo de
Trabalho SAGE da OMS sobre Hesitagdo Vacinal
descreve a hesitagdo numa continuidade entre a
aceitagdo total e a recusa total e reconhece que a
hesitagdo pode ser em relagdo a uma ou vdrias
vacinas.’

A investigacdo com recurso a Escala de
Hesitagio de Vacinas do SAGE (Grupo Consultivo
Estratégico de Peritos em Imunizagdo) da OMS
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sugeriu que, mesmo entre uma populagio pro-
vacinas de 2265 inquiridos do Bangladesh, China,
Etiopia, Guatemala e India (95% concordaram
que “as vacinas infantis sdo importantes para a
satde do meu filho”), mais de 50% concordaram
ou foram neutras no que diz respeito a questao “as
novas vacinas comportam mais riscos do que as
vacinas mais antigas”! A investigagdo realizada
em paises de rendimentos altos sugere que os
individuos estdo naturalmente dispostos a correr
mais riscos em relagdo a novas vacinas para crian-
¢as quando os beneficios diretos sdo superiores,’
mas esta pode ser uma situagdo diferente para a
vacina COVID-19 para criangas. Como em todas
as infecdes, existem criancas de maior risco, mas
mesmo o impacto da infe¢do diretamente sobre
as populagdes infantis vulnerdveis nos PRMB,
muitas vezes com elevada carga de subnutri¢ao
e criangas portadoras ou expostas ao VIH, ainda
ndo foi completamente descrito. E necessrio um
envolvimento forte e continuo da comunidade
local e nacional e uma criagio de confianga para
aumentar tanto a aceitagio como a procura por
todas as vacinas.

E importante que, na urgéncia de se usar
novas vacinas, se tenha o cuidado de assegurar
que os programas implementados mantém a
confianga e continuam a proteger as criangas,
tendo em conta a confianga dos pais e a ten-
déncia para a complacéncia e a importéincia da
conveniéncia (o “modelo dos trés C”) na redu-
¢do do comportamento hesitante relativamente
as vacinas.® Esta situagdo nao é inédita. Em 2017,
descobriu-se que uma nova vacina contra a den-
gue (Dengvaxia) apresentava riscos para indivi-
duos nunca expostos & dengue. Nas Filipinas, esta
noticia foi recebida com indignagio politica e
social,com aumentos drésticos das preocupagdes
manifestadas relativamente a eficicia, seguranga,
importéancia percecionada e mesmo compatibi-
lidade com crengas religiosas documentadas pelo
Vaccine Confidence Project.®

Os investigadores, governos e agéncias
mundiais devem atuar com especial cuidado na
avaliacdo das vacinas candidatas para o SARS-
CoV-2 nos PRMB, assegurando uma comu-
nicagdo eficaz para criar confianca e evitar a
hesitacdo na vacinagdo. A eficdcia da vacina é
muitas vezes altamente variavel entre cendrios
de recursos elevados e escassos. A dindmica da
transmissdo do SARS-CoV-2 em paises com
populagées predominantemente jovens, o que
¢ verdade para muitos PRMB, ¢ largamente
desconhecida. Para ser aceite, ¢ fundamental
que qualquer vacina que se pretenda utilizar
em PRMB se comprove ser segura e eficaz
nos contextos em que se pretende utilizar. As
recentes observag¢des de investigadores france-
ses de que as vacinas candidatas deveriam ser
testadas primeiro em Africa foram recebidas
com indignacdo e acusa¢des de racismo. Os
cientistas posteriormente pediram desculpa,
mas os danos para a confianca na investigagao
da COVID-19 no continente poderio ser difi-
ceis de reparar.

Uma atengdo inadequada a comunicagio e
a percecdo de um secretismo, particularmente
no contexto de um medo exacerbado de uma
epidemia, podem ser desastrosos. Em 2015, dois
ensaios de vacinas contra o Ebola no Gana foram

suspensos e subsequentemente abandonados,
como resposta as acusagdes dos meios de comu-
nicagdo social de que os investigadores estavam
a infetar os participantes com o virus Ebola.” E
imperativo que, na pressa justificdvel de avaliar
uma nova vacina para a COVID-19, a confianga
nos programas de vacinagdo existentes nao seja
posta em causa através de uma comunicagao
cientifica pouco eficiente, falta de envolvimento
publico ou confianga insuficiente de que os
governos atuam no melhor interesse da saide e
seguranga publicas e com base em provas cienti-
ficas solidas. Talvez o maior risco de hesitagio da
vacina nos proximos meses e anos seja causado
por fatores relacionados com a propria resposta
a COVID-19. Os programas de vacinagdo foram
restringidos em mais de 20 paises como resposta
a rigorosas medidas de distanciamento social,
mesmo em paises com surtos de sarampo ativos.

A pandemia alterou significativamente o
comportamento dos pais em matéria de saide.
Uma sondagem recente mundial da OMS reve-
lou que 73% dos paises registaram uma redugao
na procura de imunizagao, sendo superior nos
paises da regido africana da OMS (89%). Quase
metade dos inquiridos sugeriu que o publico tem
preocupagdes relativamente ao risco de exposi¢ao
a COVID-19 ao participar na vacinagao (Www.
who.int/immunization/monitoring_surveillance/
immunizationand-covid-19/). E necessario um
trabalho urgente para tornar os centros de vaci-
nagdo e o transporte da vacina da COVID-19
seguros, juntamente com o envio de mensagens
de saude publica interligadas para fazer face a estes
receios. Celebramos o progresso cientifico, o que
significa que o desenvolvimento de uma vacina
para este novo virus ¢ mesmo uma consideragéo.
Também podemos estar um pouco mais tranqui-
los pelo facto de que a hesitagdo de vacinas nos
PRMB continua a ser,de um modo geral, reduzida.
No entanto, esta hesitagao reduzida é fragil e nao
deve ser tomada como certa. As comunidades e as
familias devem ser incluidas na tomada de deci-
sdes para assegurar que populagdes inteiras se
movimentem em conjunto e de forma soliddria.

Pequenos erros, incluindo problemas de segu-
ranga, assim como medidas de distanciamento
social necessdrias, podem ter consequéncias gra-
ves e involuntarias em termos de imunizagao para
uma eventual vacina para a COVID-19 e para
vacinagdes de rotina. Impde-se cuidado e cautela
para protegermos as nossas criangas.
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Impacto da pandemia da COVID-19 na saude
infantil global: declaracao conjunta do
International Child Health Group e do Royal
College of Paediatrics and Child Health

International Child Health Group, Royal College of Paediatrics & Child Health

» As maies, recém-nascidos e criancas -
especialmente nos paises mais pobres
- sofrem impactos indiretos significati-
vos na saude e nos cuidados como con-
sequéncia da COVID-19, com efeitos
adversos potenciais a longo prazo.

» Governos, beneméritos, agéncias inter-
nacionais e organizagdes da sociedade
civil empenhados em confrontar a
COVID-19 tém de monitorizar de
forma colaborativa e transparente e
informar publicamente sobre os efei-
tos da resposta pandémica nas familias
e criangas.

» Os investimentos globais na recupera-
¢do da COVID-19 devem dar priori-
dade a uma nova era de investimento
em sistemas de saude solidos que
apoiem um modelo de saude centrado
na familia e programas de saude infan-
til. Apesar dos efeitos diretos nas crian-
¢as do virus COVID-19 serem raros
até ao momento, os efeitos indiretos da
pandemia COVID-19 a nivel mundial
podem ser catastroficos para as crian-
¢as, com um consideravel excesso de
mortalidade e sofrimento.!?

Espera-se que muitas das principais
causas de saude precaria e mortalidade
infantil aumentem este ano, como con-
sequéncia da pandemia e da resposta.
Ao mesmo tempo, verifica-se uma dimi-
nui¢ao da capacidade de resposta dos
governos, sistemas de satde, desenvolvi-
mento e organizagoes humanitarias face
a satde infantil. O acesso & vacina ja estd
a ser comprometido devido a resposta da
COVID-19 e as restri¢des de transporte,
com grande impacto nos paises de ren-
dimentos baixos.? As atividades de vaci-
nagdo foram adiadas ou suspensas em
pelo menos 27 paises para evitar a pro-
pagagdo da COVID-19, apesar de varios
terem epidemias de sarampo em curso.*
Mais de 100 milhoes de criangas podem
ficar sem vacinagdo contra o sarampo
este ano® e podem seguir-se outros sur-
tos evitdveis.

Os modelos sugerem que cada morte
por COVID-19 evitada pela suspensio
da vacinagdo de rotina no sentido de
reduzir a transmissdo podera provocar
muitas mais mortes.® Também se prevé

Correspondence to International Child Health Group,
Royal College of Paediatrics & Child Health, London,
UK; intchildhealth@gmail.com

que as mortes por maldria infantil dupli-
quem este ano’ devido a diminui¢io da
prevencao e do tratamento. O Programa
Alimentar Mundial prevé uma dupli-
ca¢do da malnutrigio, afetando des-
proporcionadamente as crianc¢as.® Os
servicos de saide materna e infantil,
muitos dos quais ja sofriam de um con-
texto de subinvestimento, resiliéncia
limitada e procura precdria, estio agora
severamente comprometidos em muitos
cenarios de recursos reduzidos devido a
encerramentos, ao receio de frequentar
instalagdes de saude e a falta de equipa-
mento de prote¢ao pessoal.’

Nos proximos 6 meses, poderdo
ocorrer mais de um milhao de mortes
de criangas.”” A saude mental e a segu-
ran¢a das criangas também estdo em
risco devido a perturbagdo das con-
di¢des socioecondémicas e ambientais
necessarias para uma infancia saudavel
e ao exacerbamento da violéncia e abuso
familiares e baseados no género."' As
dificuldades das crian¢as que vivem na
pobreza sdo agravadas, sendo uma con-
sequéncia do desemprego e da insegu-
ranca nos rendimentos.'?!* As raparigas,
nomeadamente, podem abandonar a
educac¢io a medida que as familias reen-
tram na pobreza e a posi¢ao das criangas
migrantes e refugiadas tornou-se mais
precaria.'* O fardo das consequéncias
indiretas da pandemia recaird despro-
porcionadamente sobre as criangas, mas
estamos alarmados com a pouca aten¢iao
que as suas necessidades estdo a receber.
Os profissionais de saide infantil devem
defender que as necessidades das crian-
¢as se tornem mais visiveis e que os
direitos de todas as criancas a protegio,
sobrevivéncia, participa¢io e desenvol-
vimento sejam defendidos no 4mbito
de agoes globais e nacionais. Devemos
assegurar que o impacto da pandemia
na saude e nas experiéncias das crian-
¢as seja visivel nos dados e na tomada
de decisoes, reforcando a vigilancia dos
efeitos indiretos e transmitindo esta
informagéo ao publico em geral.

Enquanto a atengdo se centra nas
intervengoes dirigidas paraa COVID-19,
com énfase na seguranca sanitaria global,
0s governos, as organizagdes internacio-
nais e o setor privado também devem
dar prioridade a continua¢do e apoio
dos programas de satde infantil ao longo

Ponto de vista

de toda esta pandemia. As criangas néo
podem ser ignoradas.
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COVID-19 pediatrica
critica: apresentacoes
variadas, mas prognds-
ticos positivos

Relatérios internacionais sobre a pan-
demia da COVID-19 tém descrito o seu
impacto relativo sobre as criangas, tanto
na frequéncia de casos' como na gravi-
dade da doenga.>* A principal apresen-
tacdo descrita em criangas é a sindrome
inflamatdria pedidtrica multissistémica
temporalmente associada ao SARS-
CoV-2 (PIMS-TS) - muitas destas crian-
¢as ndo apresentam evidéncias de doenga
viral positiva em PCR e, portanto, podem
representar um fenémeno pos-infeccioso.’
Descrevemos a nossa experiéncia numa
unidade de cuidados intensivos pedia-
tricos (UCIP) de criangas que testaram
positivo para SARS-CoV-2 nas primeiras
10 semanas da pandemia no Reino Unido,
excluindo as que cumpriram os critérios
PIMS-TS, uma vez que estes foram des-
critos noutros locais. Foi admitido nas
nossas unidades de cuidados intensivos

(UCI) um total de 313 criangas entre 26
de marco de 2020 e 31 de maio de 2020.

96 criangas apresentaram suspeitas
de COVID-19, das quais 24 (25%) tes-
taram positivo por transcrigdo reversa
(RT-PCR) no aspirado nasofaringeo
a admissdo. Treze criangas apresenta-
ram um fendtipo PIMS-TS. No presente
artigo, descrevemos as caracteristicas e o
curso das 11 criangas restantes. As carac-
teristicas demograficas e de apresentacgdo
sdo apresentadas no quadro 1. As comor-
bilidades estiveram presentes em nove
das onze criangas. Quatro (36%) criangas
eram de origem negra, asidtica ou mino-
ria étnica. As caracteristicas clinicas sdo
apresentadas no quadro 2. Foram levan-
tados marcadores inflamatdrios, mas o
intervalo de valores maximos durante
a admissdo foi muito varidvel. Quatro
criangas apresentaram doencas respirato-
rias que preencheram os critérios PALICC
2015 (paediatric acute lung injury consen-
sus conference) para a sindroma de des-
conforto respiratério agudo pediatrico. A
gestdo da insuficiéncia respiratdria hipo-
xémica incluiu a ventilagdo em posigdo
prona (n=4) e vasodilatadores pulmona-
res inalados (n=3).

Table 1 Presentation characteristics of children presenting to PICU
with a PCR-positive diagnosis of SARS-CoV-2 infection. Children
who presented with a paediatric inflammatory multisystem
syndrome were excluded from this description

Characteristics
Median age, years (IQR)
Male, n (%)
Ethnicity: Black, Asian and minority ethnic, n (%)
PIM3 predicted mortality, n (%)
<1%
1%-5%
5%—15%
15%-30%
>30%
Coexisting disorder, n (%)
Weight above 91st centile
Cancer
Pre-existing respiratory disease™
Prematurity
Congenital heart disease
Median duration of symptoms before admission, no of days (IQR)
Primary presenting symptoms, n (%)
Cough
Apnoea
Fever
Gastrointestinal (abdominal pain/vomiting/diarrhoea)
Seizurest
Microbiology
SARS-CoV-2 RT-PCR positive on nasopharyngeal aspirate
RSV or influenza RT-PCR positive on nasopharyngeal aspirate
Sputum cultures positive for other organisms
Blood culture positive for other organisms
Chest radiography findings, n (%)
No new parenchymal changes
Parenchymal changes including acute on chronic changes

*Pre-existing respiratory disorder included chronic lung disease and non-cystic fibrosis bronchiectasis.

Two of the children presented had previously defined epilepsy.
+Equivocal growth of Staphylococcus aureus and Candida albicans.

PICU, paediatric intensive care unit; PICU, paediatric intensive care unit; PIM3, paediatric index of mortality
version 3; RSV, respiratory syncytial virus; RT-PCR, reverse transcription polymerase chain reaction; SARS-

CoV-2, severe acute respiratory syndrome coronavirus 2.

Duas criangas foram escaladas para
oscilagdo de alta frequéncia devido a hipo-
xia refrataria na ventilagio convencional.
A duragdo mediana da ventila¢io foi de 13
dias (IQR 10-15,5 dias). As restantes sete
criangas necessitaram de admissdo em
UCI por razdes diferentes de insuficiéncia
respiratoria. Trés criangas apresentaram o
estatuto de epilepsia (duas com disturbios
convulsivos conhecidos e uma com um
traumatismo craniano adquirido). Todas
testaram negativo para SARS-CoV-2 na
andlise do liquido cerebrospinal. Trés
criangas apresentaram novos diagnosticos
significativos (doenca cardiaca congénita,
leucemia e diabetes mellitus) que teriam
exigido a admissdo em UCI, independen-
temente do seu estado SARS-CoV-2. A
outra crianga estava a realizar quimiote-
rapia para uma malignidade e fazia venti-
lagdo de longo prazo, mas ndo exigiu um
aumento significativo dos seus parame-
tros ventilatdrios. Duas criancas da corte
encontravam-se imunocomprometidas.

Entre outras terapias, cinco (45%)
criangas receberam medicagio vasoativa.
Nenhuma recebeu terapia de substituicdo
renal ou oxigenagdo por membrana extra-
corporal. Cinco criangas (45%) receberam

Patients (n=11) Blood markers

Table 2 Summary of clinical characteristics and interventions for
children with a PCR-positive diagnosis of SARS-CoV-2 infection.
Children who presented with a paediatric inflammatory
multisystem syndrome were excluded from this description

Median measurement (range)

5(0.4-11.1) Maximum leucocyte count (x 109/L) 15.4 (6.01-24.75)
9(81) Lymphocyte count (x109/L) 1.15(0-2.94)
4 (36) Maximum ferritin (pg/L) 898 (264-1991)
Maximum LDH (units/L) 1594 (802-4264)
5(42) Maximum D-dimer (pg/L) 1655 (162—6742)
4(36) Maximum CRP (mg/L) 158 (27-449)
1(9) Maximum temperature during ICU admission (oC), median (IQR) ~ 39.5 (38.4-40)
0 05, median (IQR)
1(9) Day 1 5.2 (4.1-7.0)
Day 2 6.6 (4.3-7.6)
3(27) Day 3 5.1 (3.6-6.74)
1(09) ICU therapies, n (%)
2(18) Invasive mechanical ventilation 9 (81)
2(18) Prone position 4 (36)
1(09) Neuromuscular blockade 5 (46)
2(1.5-3) Inhaled pulmonary vasodilators* 4(36)
High-frequency oscillation ventilation 2(11)
6 (55) Renal replacement therapy 0
3(27) ECMO 0
10 (90) Vasoactive drugs 5 (46)
6(55) Anticoagulation, n (%)
3(27) Therapeutic dose 3(27)
Prophylactic dose 5 (46)
11(100) Antiviral medication, n (%)
0 Remdemisvir 5 (46)
2(10)% Outcomes
Survival to ICU discharge 11
0 Survival to hospital discharge 11
3 (64) Median length of ICU stay (IQR), days 10(3.2-13.0)
8(36) Entire ranges presented for maximum or minimum blood parameters rather than IQRs.

*Inhaled nitric oxide or inhaled prostacyclin.

tLeucocyte and lymphocyte counts include results from two children with oncological diagnoses.
05 data exclude data from two children not ventilated and one child prior to correction of cyanotic

congenital heart disease.

CRP, C reactive protein; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; LDH, lactate

dehydrogenase; OSI, oxygen saturation index; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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uso compassivo de remdesivir apds revi-
sdo ética. Seis criancas (55%) receberam
anticoagulac¢do profildtica como parte de
uma alteragdo das nossas prdticas habi-
tuais. As duas criancas desenvolveram
trombose associada a cateter na auséncia
de profilaxia e necessitaram de terapéu-
tica anticoagulante. Todas as criancas
sobreviveram a alta da UCIP. Apesar de as
criancas se poderem apresentar na UCIP
com um padrio de doenga semelhante a
COVID-19 de adultos, esta situacdo é rara
e trés quartos das criangas apresentaram
fatores de risco para infe¢oes respirato-
rias. Por coincidéncia, verificou-se que um
numero consideravel de criangas estava
infetada com SARS-CoV-2. Embora nao
se possa excluir uma relagdo causal entre
algumas apresentacgdes e a infe¢do por
SARS-CoV-2, estes casos terao implica-
¢oes nas medidas de controlo de infecdes
hospitalares em criangas com doengas cri-
ticas durante a pandemia.

Nicholas Lanyon,’ Pascale du Pré,2 Timothy Thiruchelvam,?
Samiran Ray,>* Mae Johnson,? Mark J Peters?*
'Anaesthetic Department, Great Ormond Street Hospital For
Children NHS Trust, London, UK

A COVID-19 nao constitui
um fator de pieira viral
e asma clinicamente
significativos

No inicio do ano letivo, existe um afluxo de
criangas com ataques de pieira viral e asma
que se apresentam na urgéncia pedidtrica.
No Reino Unido, a pandemia de COVID-
19 resultou em extensos encerramentos de
escolas e na implementac¢do de medidas de
distanciamento social nas escolas. O nosso
objetivo foi determinar até que ponto a
SARS-CoV-2 foi identificada em criangas
admitidas em hospital com pieira viral e/
ou asma no inicio do ano letivo de 2020
e comparar as tendéncias de apresenta-
¢do com os anos anteriores. Leicester foi
a primeira cidade no Reino Unido a ter
um confinamento geogréfico especifico
imposto pelo facto de as taxas de infecdo
por SARS-CoV-2 por dimenséio da popu-
lagdo estarem acima da média.!
Compardamos o periodo de 4 anos,
2017-2020, e extraimos dados sobre apre-
senta¢des e admissdes na nossa unidade
de urgéncia pediatrica tercidria (antes do
COVID-19,as visitas consistiam em 60000
por ano) durante as primeiras 4 semanas
do ano letivo (quadro 1). Uma admissdo
foi definida como uma decisao de admis-
sdo num hospital ou cama de interna-
mento de curta durag¢do. De acordo com a
orientagdo do governo, apenas as criangas
admitidas em hospital sdo submetidas a
exame de esfregaco para diagndstico de
SARS-CoV-2. A avaliagdo foi registada na
comissdo de auditoria e melhoramento
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para adultos e adolescentes 212 anos que requeiram uma dose mais elevada de corticosteroides para inalagéo em associagéo com um agonista beta, de agéo prolongada. Os doentes normalmente verificam
uma melhoria na fungéo pulmonar 15 minutos apés a inalago. E necessario o uso dirio regular para manter o controlo dos sintomas de asma e 0 uso deve ser continuado mesmo quando esta € assintomatica.
Se os sintomas surgirem no periodo entre as doses, deve ser utilizado um agonista beta, de curta duragéo de agéo, por inalagéo, para o alivio imediato. A dose maxima recomendada € 184/22 mcg 1x/dia.
Criangas <12 anos A seguranga e a eficacia ainda ndo foram estabelecidas na indica@éo para a asma. DPOC (92/22 mcg) Adultos =18 anos Uma inalagéo 1x/dia. Os doentes normalmente verificam uma
melhoria na fungdo pulmonar 16-17 minutos apés a inalagéo. Populagéo pediatrica Nao existe utilizagao relevante na populagéo pediatrica para a indicagdo de DPOC. Populaces especiais /dosos (> 65 anos)
e Compromisso renal Nao é necessario ajustar a posologia. Compromisso hepatico Estudos revelaram um aumento na exposicéo sistémica ao FF. Devem tomar-se precaugdes na definicdo da posologia em
doentes com compromisso hepético que possam estar em risco mais elevado de reagdes adversas sistémicas associadas a corticosteroides. Para os doentes com compromisso hepatico moderado ou grave
a dose maxima é de 92/22 mcg. Modo de administracdo Via inalatéria. Deve ser administrado & mesma hora do dia, todos os dias. Se uma dose for omitida, deve tomar-se a proxima dose & hora habitual no
dia seguinte. Apés inalagdo, os doentes devem enxaguar a boca com 4gua sem a engolir. CONTRAINDICAGOES Hipersensibilidade as substancias ativas ou a qualquer um dos excipientes. EFEITOS
INDESEJAVEIS As reacdes adversas mais frequentemente notificadas foram cefaleia e nasofaringite. Com a excegéo de pneumonia e fraturas, o perfil de seguranga foi semelhante em doentes com asma e
DPOC. Durante os estudos clinicos, pneumonia e fraturas foram mais frequentemente observadas em doentes com DPOC. Infegdes e infestagdes Frequentes Pneumonia, infegéo do trato respiratorio
superior, bronquite, gripe, candidiase da boca e da garganta Doengas do sistema imunitario Raros Reagdes de hipersensibilidade incluindo anafilaxia, angioedema, erupgao cuténea e urticaria Doengas do
metabolismo e da nutrigdo Pouco Frequentes Hiperglicemia Perturbagées do foro psiquiatrico Raros Ansiedade Doengas do sistema nervoso Muito frequentes Cefaleia Raros Tremor Afegdes oculares
Pouco frequentes Visdo turva Doengas cardiacas Pouco frequentes Extra-sistoles Raros Palpitagbes, taquicardia Doengas respiratorias, toracicas e do mediastino Muito frequentes Nasofaringite
Frequentes Dor orofaringea, sinusite, faringite, rinite, tosse, disfonia Raros Broncospasmo paradoxal Doengas gastrointestinais Frequentes Dor abdominal Afegées musculosqueléticas e dos tecidos
conjuntivos Frequentes Artralgia, dorsalgia, fraturas, espasmos musculares Perturbagdes gerais e alteragdes no local de administragdo Frequentes Pirexia. TITULAR DA AIM GlaxoSmithKline (Ireland)
Limited, 12 Riverwalk, Citywest Business Campus, Dublin 24, Ilanda DATA DA REVISAO DO TEXTO fevereiro 2021. APRESENTAGAO: Revinty Ellipta 92 mcg+22 meg, 30 doses; Revinty Ellipta 184 meg+22
mcg, 30 doses. Regime de comparticipagdo: Escaldo B. Regime Geral 69%; Regime Especial 84%. Medicamento Sujeito a Receita Médica. Esté disponivel informagao pormenorizada sobre este
medicamento no sitio da internet da Agéncia Europeia de Medicamentos http://www.ema.europa.eu/. Consultar o RCM completo para informagéo detalhada. Para mais informagdes e em caso de suspeita de
um acontecimento adverso ou de outra informag&o de seguranga, contactar o departamento médico da GlaxoSmithKline - +351 214129500. Para mais informagdes contactar o representante local do titular da
AIM: Bial- Portela & C?, S.A.,-A Av. da Siderurgia Nacional, 4745-457 S.Mamede do Coronado; NIF: 500220913. As Marcas Registadas so propriedade ou licengas das empresas do grupo GSK. (C) 2021
empresas do grupo GSK ou sob licenga. DMgMA_PT210310
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