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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
Editorial

Neste numero da tradu¢ao de resumos de artigos das Revistas Thorax e Archives of Disease in Childhood,
dedicados aos Sdcios das Sociedades Cientificas de Pneumologia, Alergologia e Imunologia Clinica, Medicina
Geral e Familiar e Pediatria, os Conselhos Editorial e Cientifico ndo foram imunes a literatura avassaladora
sobre a pandemia COVID-19.

E nada mais oportuno do que sublinhar a cooperagio entre especialidades, que se verificou nas Unidades de
Cuidados Intensivos, entre os Médicos Intensivistas de Adultos e os Pediatras. Este Editorial (pag. 151) faz um
convite a reflexdo. Refletir sobre os modelos de colaboracéo, os locais onde devem ser efetuados, os recursos a
utilizar e mobilizar. E focam-se de forma particular na comunica¢io e na transparéncia. Terminam com uma
nota sobre a necessidade de refletir sobre o que se passou, para poder planear antecipadamente uma outra
situagdo de catastrofe, qualquer que seja. Sobretudo se nesse caso, adultos e criangas estiverem igualmente
envolvidos e ndo, como neste caso e para a felicidade de todos, as criangas forem poupadas...

Centrado também na cooperagido e qualidade em cuidados de saude esté o artigo da pag. 182,“Iniciativas para
reduzir os tratamentos da bronquiolite em servico de urgéncia e cuidados de satde primarios”. A bronquiolite
¢ uma doenga respiratoria inferior aguda que atinge as criangas abaixo dos 2 anos de idade maioritariamente
abaixo do ano e é a causa mais frequente de internamento neste grupo etério. Por ter causa viral, sobretudo
virus sincicial respiratério (VSR), ocorre por surtos anuais, sazonais, no outono/inverno... ou pelo menos
assim aconteceu nos anos anteriores a pandemia covid-19, ja que em 2021 tém sido repostados casos asso-
ciados a VSR em julho. Ha mais de 40 anos que é sugerido que nédo ha terapéuticas eficazes na bronquiolite
aguda. No entanto assistimos sistematicamente a sua utilizagdo e a publicacdo de estudos cientificos que
demonstram a sua inutilidade. Neste caso uma intervengao efetuada nos servicos de urgéncia hospitalares e
nos cuidados de saude primarios demonstrou a reducao de utilizagao destas terapéuticas futeis... e ainda que
os resultados possam ser transitorios, como anteriormente demonstrado, poupam-se recursos que farao falta
em outros setores...

E ha ainda mais artigos de interesse a explorar. Particularmente relevantes a chamada de atengdo para a
influencia dos habitos de vida na satude respiratoria: trabalho por turnos (pag. 153) e tabagismo. E agora
mesmo que ndo sejamos nds a fumar, se as nossas avos fumaram (pag. 168), as consequéncias recairam sobre
0s netos...

E os culpados sdo sempre os mesmos. Na pag. 189 pode ler-se que os fatores de risco para o desenvolvimento
de limitagao irreversivel dos débitos ventilatorios sao asma atual, infe¢des do trato respiratério infantil, asma
e exposi¢ao a poluigdo atmosférica.

Por altimo, mas ndo menos relevante, mais um artigo a ler com atengdo na pag. 174 e seguintes, o impacto
de ter tuberculose (TB), mesmo ja na fase tratada, sobre os rendimentos e o emprego em contexto urbano de
baixos rendimentos, no Malawi. Numa época em que tanto se fala das desigualdades sociais e econdémicas e
do seu impacto na satde e na sobrevivéncia este artigo avanga que a atenuagao do impacto sdcio-econdémico
da tuberculose (TB) ¢ fundamental para a Estratégia de erradicagao da TB da OMS.

Nao recomendo que levem estas leituras para as férias. Desejo que sejam um periodo de interregno e novas
descobertas. Mas quando voltarem sera seguramente uma oportunidade de atualiza¢ao de conhecimentos na
retoma do trabalho que se adivinha continuard desafiante e arduo...

Boas férias!

Teresa Bandeira

Ex-Presidente da Sociedade Portuguesa de
Pneumologia Pediatrica e do Sono (S3PS) 2017-2019
Sociedade Portuguesa de Pediatria
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Encontrar formas de os médicos pediatras
cuidarem das “criancas” grandes e salvarem
os adultos numa pandemia

Justin Robison," Kenneth E Remy'?

A OMS declarou a COVID-19 como uma
pandemia em margo de 2020. No final de
2020, os Centros de Controlo e Preven¢io
de Doengas dos EUA demonstraram que
a taxa cumulativa de hospitaliza¢des asso-
ciadasa COVID-19 para doentes <18 anos
de idade era de 23,9 por 100.000 habitan-
tes em compara¢do com adultos com 18
ou mais anos de idade a 449,9 por 100.000
habitantes.! Uma analise recente realizada
pela Society of Critical Care Medicine esti-
mou que os EUA tinham 34,7 camas de
cuidados criticos por 100.000 habitan-
tes; 5% das quais correspondem a camas
de cuidados criticos pedidtricos e 24% a
camas de cuidados intensivos neonatais.
A consequente escassez de recursos da
unidade de cuidados intensivos (UCI)
para adultos devido ao surto de infe¢cdes
COVID-19 despertou o engenho numa
época em que o mundo foi mergulhado
no caos.

Neste contexto, Sinha et al, nesta
edigdo, encontraram formas criativas
para os médicos pediatras cuidarem de
adultos doentes com a doenga COVID-
19.> Numa rubrica cuidadosamente ela-
borada, os autores mostram como um
planeamento cuidadoso e uma imple-
mentacao metddica em Inglaterra podem
mobilizar recursos de emergéncia em
tempo de crise. Como tal, o seu sucesso
satisfez a necessidade de aumentar os
recursos das UCI para adultos durante
o inicio da pandemia da COVID-19, ao
mesmo tempo que satisfaziam as necessi-
dades de cuidados criticos pediatricos do
pais. No inicio da pandemia, um nimero
de médicos especialistas em cuidados
criticos de adultos e criangas desenvolve-
ram recomendagdes sobre como cuidar
clinicamente de adultos em ambientes
pedidtricos.** A medida que o desastre
mundial prosseguia, comecaram a surgir
varios modelos para implementar estas
recomendag¢des em trés modelos diferen-
tes: gestdo exclusiva de adultos em UCI
pediatricas (UCI pediatrica) com uma
UCI pediatrica localizada a nivel regio-
nal para cuidar de criangas, uma unidade
para adultos hibrida e uma UCI pedia-
trica, ou o estabelecimento de novas UCI

'Pediatrics, Washington University in St Louis, St Louis,
Missouri, USA

“Internal Medicine, Washington University in St Louis, St
Louis, Missouri, USA

Correspondence to Dr Kenneth E Remy, Pediatrics,
Washington University in St Louis, St Louis, MO 63110,
USA; kremy@wustl.edu

para adultos composta por médicos de
cuidados criticos pediatricos (resumido
no quadro 1).

Estes modelos foram devidamente
implementados por multiplas institui¢oes
em todo o mundo. A experiéncia de Sinha
et al em Inglaterra é unica devido & magni-
tude e coordenacio dos seus esfor¢cos em
todo um pais. No inicio da pandemia,
a nossa instituicio adotou um modelo
de médicos de UCI pediatricas que cui-
davam de adultos gravemente doentes
no nosso hospital pediatrico ao lado de
criangas. No entanto, na segunda vaga
(Outono de 2020), mobilizimos médicos
e enfermeiros de UCI pediatricas para as
UCI COVID-19 para adultos em todo
0 nosso sistema de satde, uma vez que
foram criadas novas UCI de COVID-19
para adultos aquando da identificagdo
de espagos fisicos adicionais. A partir
destas experiéncias, pudemos conside-
rar quais os aspetos destes modelos que
funcionaram bem e identificar outras
oportunidades de crescimento. Enquanto
cuiddvamos de adultos nas nossas UCI
pediétricas, confidmos nos nossos fortes
e bem estabelecidos sistemas de comu-
nica¢io entre membros da nossa equipa
familiar para nos adaptarmos a esta nova
populagdo de doentes.

No entanto, estdvamos perfeitamente
cientes de que, caso fossem necessarios
cuidados especificos para adultos (ou
seja, cateterizagdo interventiva), os doen-
tes adultos teriam de ser transportados
de volta para o hospital de adultos, o que
poderia resultar em atrasos nos cuidados.
Na segunda vaga, como os prestadores de
cuidados intensivos pediatricos estavam a
cobrir as UCI COVID-19 de adultos no
hospital de adultos, alguns doentes exigi-
ram uma avalia¢do urgente para sindrome
corondria aguda e acidente vascular cere-
bral, o que foi facilitado com prestado-
res de cuidados especificos para adultos
- habituados a prestar estas avaliacoes e
intervengdes no local onde se sentiam
familiarizados.

Porém, este “luxo” de oferecer cuida-
dos no hospital para adultos por pres-
tadores de cuidados pediétricos foi em
parte possivel devido ao espaco fisico
disponivel. Se fosse atingida capacidade
nestes locais, o planeamento de todo o
sistema previa o regresso dos doentes que
iram ser atendidos nas UCI pediatricas.
Independentemente do modelo de uti-
lizagdo de médicos de cuidados criticos
pediatricos para as necessidades de cui-

dados criticos de adultos, existem diferen-
¢as fundamentais nos cuidados criticos
de adultos e pediatricos, uma vez que as
criangas ndo sdo “pequenos adultos”, nem
os adultos criangas “grandes”. Reconhecer
que os adultos podem ser tratados em
ambientes pedidtricos ou por médicos
pediatras de uma forma diferente da dos
adultos e o reconhecimento de lacunas
nestes cuidados ¢ fundamental para o
sucesso.

Para que os recursos possam ser utili-
zados com sucesso numa UCI pedidtrica
convertida para adultos, é necessario, em
primeiro lugar, criar um plano estruturado
para garantir o sucesso. Esta estrutura
deve incluir uma compreensdo funda-
mental (ou reconhecimento de onde exis-
tem de facto as lacunas de conhecimento)
de potenciais doengas de adultos com
complicagdes, a disponibilidade de servi-
¢os de consulta de adultos, a requalifica-
¢do do pessoal relevante, a capacidade de
reorganizar o espago da UCI pediatrica,
a capacidade de armazenar equipamento
e provisdes adequados e o desenvolvi-
mento de um centro de comando que
possa supervisionar as operagdes. Estas
necessidades s6 ocorrem apds a criagdo
de uma forte lideran¢a organizacional
que se possa concentrar nestes aspetos,
mesmo em periodos de crise e de surto.
De igual forma, é prudente proporcionar
transparéncia no sistema e aos doentes,
mediante a comunicagéo eficaz de que os
padrdes de cuidado podem ser diferentes
durante uma pandemia do que quando
ndo existe um surto critico, para que qual-
quer modelo possa vir a ter sucesso.*

Existem algumas preocupagdes e
questdes fundamentais que ainda sub-
sistem relativamente a todas estas abor-
dagens e que remetem ao velho ditado
“apenas porque sabes fazer algo, ndo sig-
nifica que o devas fazer”. Em primeiro
lugar, os resultados clinicos foram piores
ou melhores quando os pediatras cui-
daram de doentes adultos? Em segundo
lugar, o padrao de cuidados para adultos
foi comprometido com atrasos no tra-
tamento devido a falta de experiéncia
com doengas que requerem interven¢io
atempada, ou seja, atrasos na interven-
¢do corondria percutinea no enfarte do
miocardio ou na administragdo de alte-
plase em acidentes cerebrovasculares?
Isto pode ser dificil de determinar, uma
vez que ocorreram atrasos nos cuidados
em todos os sistemas de satide com o
fluxo de doentes com COVID-19. No
entanto, estas sdo preocupagdes impor-
tantes que devem ser avaliadas em todos
os modelos para ver se um método teve
melhores resultados. Em terceiro lugar,
o fluxo de trabalho da UCI e o pessoal
da UCI precisaram de ser alterados nas
UCI pedidtricas no caso de os doentes
adultos triados terem ou ndo COVID-
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Table 1 Modelos de médicos pediatras para o tratamento de adultos gravemente doentes

Médico de UCI pediatrica
Adultos e criancas em a cobrir uma nova UCl de
UCl pediatrica adultos

Adultos numa UCI pediatrica

Pessoal
com formacdo em pediatria
P Com experiéncia a trabalhar
juntos em equipa

Equipamento
» Novo espaco para provisoes

» Médicos, enfermeiros e terapeutas P> Médicos, enfermeiros e terapeutas B Com formagao dupla em
com formacéo em pediatria
P> Com experiéncia a trabalhar juntos > Sem experiéncia a trabalhar
em equipa

doentes adultos e pediatricos

juntos em equipa

» Nova cadeia de aprovisionamento P> Nova cadeia de aprovisionamento B> Cadeia de aprovisionamento
P Novo espaco para provisdes atual

P Fardo de manutencéo de provisGes
para doentes adultos e pediatricos

Cuidados clinicos » Novo processo de transporte e

triagem de doentes

P Fardo para especialistas de
cuidado pediatrico

P Estrutura atual, familiaridade

e processos conhecidos dos
membros da equipa para manter a
continuidade dos cuidados

Comunicagao

UCI, unidade de cuidados intensivos.

192 Ou seja, numa pandemia, ¢ pru-
dente triar o doente com a “doenca
pandémica” para estes cendrios ou, em
vez disso, triar os doentes com doengas
de adultos conhecidas (isto ¢, agudi-
zagdo da doenc¢a pulmonar obstrutiva
crénica, pancreatite, cetoacidose dia-
bética, estado hiperosmolar hiperglicé-
mico) para o contexto da UCI pediatrica
ou para médicos pediatras? Finalmente,
com médicos e enfermeiros pediatricos
internos com formacao dupla, serd que
deveria haver uma mudanc¢a na forma-
¢ao dos médicos e enfermeiros para
uma formag¢do mais direcionada para
adultos (ou criangas) para que possam
desenvolver uma familiaridade na ges-
tao clinica?

Esta formacdo pode ser determinante
a medida que trabalhamos para futuras
pandemias, especialmente porque a sua
frequéncia parece ter aumentado nos ulti-
mos 20 anos (SARS, Zika, Ebola, COVID-
19). As respostas a estas questdes, com
uma avaliacio rigorosa que nio se limite
ao “fomos capazes de fazer algo’, mas tente
atingir o “fomos capazes de o fazer de uma
forma que proporcionou resultados iguais
ou mesmo melhores para os doentes’, sio

P Novo processo de transporte e
triagem de doentes

P> Acesso limitado ou inexistente a P> Acesso limitado ou inexistente a
especialistas de cuidado de adultos especialistas de cuidado de adultos
P Fardo para especialistas de
cuidado pediatrico

P> Estrutura atual, familiaridade e
processos conhecidos dos membros
da equipa para manter a
continuidade dos cuidados

» Nova unidade mas processo
conhecido para transporte e
triagem de doentes

P> Acesso total a especialistas
de cuidado de adultos

P Equipa médica recém-criada,
com varios antecedentes num
novo sistema

da maior importancia para considera-
¢des futuras. No entanto, a pandemia da
COVID-19 demonstrou, inegavelmente,
sob tempos de grande pressdo para a pro-
tissdo médica, o melhor da colegialidade e
da verdadeira humanidade. A capacidade
de gerir doentes fora do ambito das prati-
cas padrao para satisfazer as necessidades
de um pais que surgem ap6s um planea-
mento estratégico cuidadoso e ponderado
proporciona esperanga a muitas outras
regides que necessitam de orientagdo
para esta ou qualquer outra pandemia no
futuro.

As premissas dos surtos criticos e dos
planos de implementa¢do ndo mudaram
per se nesta pandemia, mas a forma e o
alcance da sua aplicagdo, por necessi-
dade, alteraram a forma como os siste-
mas podem ter de abordar a prestagio de
cuidados de saude a institui¢des, regides
e paises. Novos métodos de simulagio
de sistemas e UCI podem refinar ainda
mais a metodologia, a dinamica de siste-
mas, a modelizagiao de grupos e melhorar
a rapida implementa¢ido para respon-
der mais rapidamente as necessidades
mais urgentes em futuras pandemias.
Felizmente, estas experiéncias de sucesso

com a reorganiza¢ido das UCI sdo pos-
siveis numa altura em que os doentes
pedidtricos ndo sio amplamente afetados.
Contudo, as li¢des aprendidas com estes
preparativos sdo extremamente impor-
tantes, uma vez que o potencial para uma
futura pandemia que afete tanto adultos
como as criangas pode apresentar desafios
imprevisiveis.
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Epidemiologia respiratoria

Trabalhar no turno da noite esta associado a um risco

acrescido de asma

Robert ) Maidstone,"? James Turner,® Celine Vetter,*> Hassan S Dashti,>®’ Richa Saxena,>®” Frank A
JL Scheer,%%1° Steven A Shea,™ Simon D Kyle,"? Deborah A Lawlor,™™ Andrew S | Loudon,™ John F
Blaikley,'®'” Martin K Rutter, ™8 David W Ray,>'>'"® Hannah Jane Durrington'®"

RESUMO

Introducao O trabalho por turnos provoca um desali-
nhamento entre o tempo circadiano interno e o ciclo luz/
obscuridade externo e esta associado a perturbacdes
metabdlicas e cancro. Aproximadamente 20% da popu-
lacdo ativa nos paises industrializados trabalha em turnos
noturnos permanentes ou rotativos, expondo esta grande
populacéo ao risco de doenca provocada por desalinha-
mento circadiano. E necessaria uma analise do impacto do
trabalho por turnos nas doencas inflamatdrias cronicas.
Investigamos a associacdo entre o trabalho por turnos
e a asma.

Métodos Descrevemos a relacdo transversal entre o tra-
balho por turnos e a asma prevalente em >280000 par-
ticipantes do UK Biobank, fazendo ajustamentos para os
principais fatores confundidores (histérico de tabagismo,
etnia, estatuto socioecondmico, atividade fisica, indice de
massa corporal). Também investigdmos o cronotipo.
Resultados Em comparacéo com os trabalhadores diur-
nos, os trabalhadores noturnos ‘permanentes’ apresenta-
ram uma maior probabilidade de asma moderada a grave
(OR 1,36 (95% IC 1,03 a 1,8)) e de todos os niveis de
asma (OR 1,23 (95% IC 1,03 a 1,46)). Os individuos que
efetuavam qualquer tipo de trabalho por turnos apre-
sentaram maiores probabilidades ajustadas de sibilancia
toracica. Os trabalhadores por turnos que nunca ou rara-
mente trabalhavam a noite e as pessoas que trabalha-
vam permanentemente a noite apresentaram uma maior
probabilidade ajustada de redugéo da funcdo pulmonar
(FEV1 <80% previsto). Encontrdmos um aumento do risco
de asma moderada a grave nos cronotipos matinais que
trabalham em turnos irregulares, incluindo noites [OR
1,55(95% IC 1,06 a 2,27)].

Conclusdes As implicacdes destas conclusdes para a
salide publica séo de grande alcance devido a elevada
prevaléncia e concorréncia, tanto da asma como do tra-
balho por turnos. Sao necessarios estudos futuros longi-
tudinais de seguimento para determinar se a alteracao
dos horarios de trabalho por turnos, tendo em conta o
cronotipo, podera apresentar-se como uma medida de
salide publica para reduzir o risco de desenvolvimento de
doencas inflamatarias como a asma.

INTRODUCTION

Most human biological processes are regulated
by an internal circadian timing system to opti-
mally prepare physiological functions for antici-
pated daily environmental and behavioural cycles.
Cyclical light/dark environmental cues, mealtimes
and physical activity can serve as ‘Zeitgebers’ for
circadian timing. The development of artificial
light has allowed extension of the active period of
humans into the night, and through the night for
night shift workers. This imbalance between our
internal clock and the environment results in circa-
dian misalignment.! Shift work, a notable example
of circadian misalignment, is invariably associa-
ted with sleep disruption and with increased risk
of prevalent chronic diseases including metabolic

What is the key question?

» Shift workers are at increased risk of car-
diometabolic disorders and cancers. The
mechanism is thought to involve circa-
dian misalignment. In this study, using
data from >280 000 individuals in the UK
Biobank, we asked whether shift workers
were at increased risk of asthma.

What is the bottom line?

» Shift workers, especially those working
permanent night shifts, had an increased
risk of asthma (especially moderate-se-
vere asthma).

Why read on?

» The public health implications of our fin-
dings are potentially far-reaching, since
both shift work and asthma are common
in the industrialised world. Future lon-
gitudinal follow-up studies might deter-
mine whether an individual is suited to
night shift work based on their chrono-
type. Currently there are no guidelines
for the management of asthma in shift
workers. We hope that our study might
fuel future discussion in this area.

and cardiovascular diseases*® and cancer.* There is
evidence of causal relationships between circadian
misalignment and the development of metabolic
and cardiovascular diseases.”

Approximately 20% of the working population
in industrialised countries work permanent or rota-
ting night shifts,” exposing this large population to
the risk of circadian misalignment-driven disease,
making this is an important area of investigation.
Analysis of the impact of shift work on chronic
inflammatory diseases is lacking.

Asthma is a very common chronic inflamma-
tory disease of the airways, affecting 339 million
people worldwide® and costing the UK public sector
£1.1 billion.’ Intriguingly, asthma displays marked
time of day variations in symptoms (wheeze and
whistling),'® airway calibre" and in underpinning
inflammatory pathways."? The physiological diurnal
variation in airway calibre is under direct circadian
control, independent of external environmental
cues such as light/dark and fasting/feeding.” In
asthma it appears that the physiological diurnal
variation in airway calibre is amplified, sugges-
ting coupling between the internal body clock and
pathogenic processes. This raises the possibility that
misalignment between the internal body clock and
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the environment, such as that induced by night shift work, would
impact on asthma risk. Indeed, a correlation between shift work
and work-related asthma was found in a study of 544 individuals
working in a cabling manufacturing plant;'* however, small num-
bers and confounding limit generalisability. We therefore investiga-
ted the association between shift work and asthma in a much larger
dataset from the UK Biobank" in which we could also adjust for
numerous major confounding factors.

We hypothesised that, when compared with day workers, shift
work—especially involving nights—would be associated with a
higher prevalence of asthma.

The primary outcome was risk of asthma in shift workers.
Secondary outcome measures included risk of symptoms of asthma
and lung function in shift workers, as well as assessment of the
effects of lifetime duration of night shift work and night shift fre-
quency on the risk of asthma.

We also investigated whether chronotype is associated with
the risk of asthma in shift workers. Chronotype is the phenotypic
expression of the internal circadian timing system and can affect
how an individual adapts to shift work; earlier chronotypes expe-
rience shortened sleep duration and increased sleep disturbance
during night shifts, whereas late chronotypes show similar disrup-
tion when working early shifts.'® Matching shift work patterns to
chronotype can improve sleep quality and well-being."”

Lastly, we investigated the intersection between the genetic
risk of asthma and shift work exposure. Asthma risk was captured
using a genetic risk score (GRS), the sum of genetic variants with
weighted effect sizes.’ If the asthma GRS affects the health impact
of shift work exposure, this may provide an employment screening
opportunity in the future.

METHODS

The UK Biobank recruited 502 540 participants (5% of those invi-
ted) aged 40-69 years who were registered with the National Health
Service (NHS) and lived within reasonable travelling distance of
22 assessment centres across the UK between 2007 and 2010." At
the baseline visit, participants completed questionnaires on life-
style, medical history, occupation and work hours. Trained health
professionals asked further details about medical conditons, health
status and medications. The selection of participants analysed in
all comparisons are shown in a STROBE diagram (online supple-
mental figure 1) and further information can be found in the online
supplemental methods.

Analysis of shift work was restricted to participants in paid
employment or who were self-employed at baseline (n=286 825,
age range 37-72 years);> we did not exclude any individuals based
on other diagnoses. The demographics of this group are shown in
table 1. Of these, 83% were day workers and 17% worked shifts,
of which 51% included night shifts. Compared with day workers,
shift workers were more likely to be male, lived in more deprived
neighbourhoods (Townsend area deprivation Index), more likely to
live in an urban area and more likely to be smokers. Shift workers
drank less alcohol, reported shorter sleep duration and longer
weekly working hours. Night shift workers were more likely eve-
ning chronotypes compared with those working days. Compared
with day workers, shift workers were more likely to have a diag-
nosis of gastro-oesophageal reflux, chronic obstructive pulmonary
disease (COPD)/emphysema, higher cholesterol and hypertension.
Shift workers were more likely of non-European ancestry and to
be in jobs linked to occupational asthma or to jobs that require
a medical examination. There were differences between the pro-
portion of workers in each employment category across the work
schedules. Night shift workers were more likely to work in the ser-
vice occupations or as process, plant and machine operatives. In
contrast, day workers tended to be in administrative roles and in
professional occupations (online supplemental table 1).

Cases of asthma

Cases of asthma were defined by including all participants with
self-reported doctor-diagnosed asthma at baseline who were also
receiving any asthma medication.” Using these criteria, we identi-
fied 14 238 (5.3%) cases, of which 4783 (1.9%) had moderate-se-

vere asthma (defined as having doctor-diagnosed asthma at baseline
and currently taking medication in accordance with steps 3-5 of the
British Thoracic Society guidance for the treatment of asthma).?
We excluded from our analyses participants with doctor-diagnosed
asthma who did not report taking asthma medication as well as those
participants reporting taking asthma medication who did not have
doctor-diagnosed asthma (n=20 151). For analysis of moderate-se-
vere asthma, we further excluded those not on medication for mode-
rate-severe asthma (listed in the Methods section, n=9455). Initially,
we focused on those with moderate-severe asthma, since these indi-
viduals were more likely to have active asthma requiring regular
disease modifying treatment, so reducing the risk of misdiagnosis.

Statistical analysis
We fitted a multivariate logistic regression model to the data and used
this to estimate adjusted ORs and 95% asymptotic CIs on those ORs.
In model 1 we initially adjust for participant age and sex. We
extend this in model 2 to additionally include BMI, ethnicity, chro-
notype, Townsend Deprevation Index (TDI), days exercised, smoker
status (current, previous or never) and pack-years smoked, alcohol
status (current, previous or never) and alcohol weekly intake, length
of working week and whether current job is considered to have an
occupational asthma risk or requires a medical examination prior
to hiring. These covariates were chosen by consideration of partici-
pant characteristics (table 1). Model 3 also included sleep duration
in addition to covariates in model 2.

RESULTS
In an age- and sex-adjusted model, there were higher odds of having
moderate-severe asthma in shift workers who never or rarely under-
took night shifts (OR 1.12 (95% CI 1.02 to 1.24) and in those on per-
manent night shifts (OR 1.21 (95% CI 1.02 to 1.44)) when compared
with day workers (figure 1). After further adjusting for smoking status
and pack years, alcohol status and intake, ethnicity, social deprivation,
physical activity, BMI, chronotype, length of working week, job asthma
risk and job medical examination required (Model 2), associations
attenuated in shift workers who never or rarely undertook night shifts
(OR 1.17 (95% CI 0.98 to 1.38)) and slightly increased in permanent
night shift workers (OR 1.36 (95% CI 1.03 to 1.8)). Further adjustment
for sleep duration had no additional effects on the estimates (Model 3).
A similar pattern of higher odds of asthma was seen when all
cases of asthma were considered (see online supplemental table 2). In
an age- and sex-adjusted model, we observed higher odds of asthma
in shift workers who never or rarely worked night shifts when com-
pared with day workers (OR 1.08 (95% CI 1.02 to 1.15)). However,
this association attenuated to the null with covariate adjustment
(Model 2). The odds of asthma in shift workers working permanent
nights were higher in covariateadjusted models (Model 2: OR 1.23
(95% CI 1.03 to 1.46); Model 3: OR 1.20 (95% CI 1.01 to 1.43)) than
in the age- and sex-adjusted model.

Symptoms of asthma

We then analysed the association between shift work and the expe-
rience of wheeze or whistling in the chest in the previous year (n=280
998). When compared with day workers, the ageand sex-adjusted
model revealed higher odds for these symptoms in association with
all three types of shift work (shift work but never or rarely night shifts,
irregular night shifts and permanent nights; figure 2. These associa-
tions with wheeze or whistling were attenuated but remained statisti-
cally significant for all types of shift work in Models 2 and 3 (eg, Model
2: shift work, but never or rarely night shifts: OR 1.11 (95% CI 1.05 to
1.18); irregular shift work including nights: 1.21 (95% CI 1.14 to 1.29);
and permanent night shift work: 1.18 (95% CI 1.08 to 1.30)).

Reduced lung function

We also examined the association between shift work status and
reduced lung function assessed as the proportion of participants with
a forced expiratory volume in 1 s (FEV ) that was <80% of the pre-
dicted value based on height and age (n=89 157). In age- and sex-ad-
justed models there were higher odds of participants having an FEV,
<80% predicted in all shift work groups compared with day workers
(table 2). After multivariable adjustment, these associations attenua-
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Table 1 Clinical characteristics by current shift work exposure (n=286 825)

Shift work, but never or rarely night shifts  Irregular shift work including nights  Permanent night shift work

Current work schedule
Day workers

N 236 897 24 560
Age, years 52.90 (7.13) 52.48 (7.08)
Sex (% male) 46.58 47.51
BMI, kg/m? 27.09 (4.65) 27.79 (4.99)
Smoker, %

Never 58.10 53.66

Previous 31.91 32.11

Current 9.75 13.88
Smoking, pack-years 20.07 (16.07) 22.92 (17.49)
Daily alcohol intake, % 20.48 16.89
Sleep duration (hours) 7.05(1.03) 6.95(1.22)
Morning chronotype, % 23.33 25.49
Evening chronotype, % 8.02 7.87
Ethnicity (%)
White British 88.47 83.30

White other 6.45 7.07

Mixed 0.65 0.90

Asian 1.72 3.58

Black 1.40 2.69

Chinese 0.34 0.48

Other 0.09 0.13
Weekly work hours 34.24 (13.19) 34,97 (13.21)
Job asthma risk (%) 7.59 7.18
Job medical required (%) 2.27 2.52
Single occupancy (%) 15.64 18.78
Urban area (%) 85.98 89.59

Townsend Index
Maternal smoking (%)

—-2.24(-3.70t0 0.19
26.59

-1.31(-3.18 10 1.61)
28.88

18226 7142

51.08 (6.87) 51.45 (6.91)
62.43 61.43
28.21(4.91) 28.51(4.88)
52.82 51.99
30.52 30.03

16.19 17.67
24.31(17.77) 25.70 (18.38)
15.98 10.21

6.85 (1.30) 6.67 (1.52)
22.85 19.24

9.83 16.90

79.87 80.99

7.03 6.01

0.97 0.87

3.84 3.39

493 5.47

0.46 0.67

0.10 0.14

39.29 (14.55) 39.59 (13.73)
8.11 7.74

414 3.68

18.71 18.42

89.33 90.97

-1.24(-3.17 10 1.82)
29.23

—1.04 (-3.02 to 2.07)
30.75

Breastfed as baby (%) 56.12 54.27
Birth weight (kg) 3.33(0.63) 3.31(0.68)
Hypertension (%) 19.75 21.58

High cholesterol (%) 7.88 8.55

Sleep apnoea (%) 0.28 0.30
COPD/ emphysema/chronic bronchitis (%) ~ 0.81 1.26
Bronchiectasis (%) 0.14 0.12
Interstitial lung disease (%) 0.02 0.01

Other respiratory problems (%) 0.12 0.17
Gastro-oesophageal reflux (%) 3.19 3.65

54.16 51.51
3.35(0.67) 3.31(0.71)
21.64 22.81

8.54 9.27

0.42 0.27

1.27 1.23

0.03 0.14

0.03 0.01

0.16 0.07

3.84 4.16

Data are mean (SD), median (IQR) or percentages. Positive values of the Townsend Index indicate high material deprivation, negative values indicate relative affluence. The diagnosis of conditions (hypertension, high
cholesterol, sleep apnoea, COPD/emphysema/chronic bronchitis, bronchiectasis, interstitial lung disease, other respiratory problems and gastro-oesophageal reflux) came from participants self-reporting a doctor

diagnosis.

BMI, body mass index; COPD, chronic obstructive pulmonary disease.

ted towards the null with higher odds remaining for shift workers
who never or rarely worked night shifts and for those working per-
manent nights (eg, Model 2: shift work, but never or rarely night
shifts: OR 1.19 (95% CI 1.08 to 1.32); permanent night shift work: OR
1.20 (95% CI 1.03 to 1.41) compared with day workers).

Lifetime duration of night shift work

Next we used data on 107 930 participants who provided lifetime
work history data. When compared with those reporting no history
of shift work, the highest odds for moderate-severe asthma was seen
in participants reporting <5 years of shift work (OR 1.34 (95% CI
1.08 to 1.66)) and the lowest odds when performing >10 years of
shift work (OR 1.22 (95% CI 1.08 to 1.38)) (figure 3A). In partici-
pants reporting <5 years of shift work, high point estimates for odds
for moderate-severe asthma remained after adjusting for covariates
in Models 2 and 3, but relationships were attenuated to the null for
those with higher lifetime durations. No strong statistical evidence
of a trend was found when treating lifetime duration of shift work as
a continuous variable in any model.

Average lifetime night shift frequency

Using the same historical lifetime work data, we analysed the prior
frequency of night shift work in relation to the prevalence of mode-
rate-severe asthma (n=107 930; figure 3B). In age- and sex-adjusted

models, when compared with participants reporting no shift work,
there were higher odds of moderate-severe asthma in people repor-
ting prior higher frequencies of night shift work (5-10 night shifts/
month): OR 1.22 (95% CI 1.05 to 1.42) and also 210 night shifts/
month: OR 1.31 (95% CI 1.12 to 1.54), but not the lower frequency
of shift work (<5 night shifts/month): OR 1.16 (95% CI 0.97 to 1.38).
However, these associations attenuated to the null on covariate
adjustment (Models 2 and 3). There was no strong statistical evidence
of average lifetime frequency of night shift work as a continuous
variable associating with asthma in any model.

Chronotype

We analysed the likelihood of asthma by chronotype in all UK Biobank
participants (n=413 040; table 3). People reporting either extreme chro-
notype (definitely a morning person or definitely an evening person)
had higher odds of having any asthma compared with those describing
themselves as intermediate chronotypes. After adjustment for covariates,
the ORs for asthma in those reporting being definitely a morning person
were 1.12 (95% CI 1.03 to 1.21) and 1.16 (95% CI 1.04 to 1.28) for those
reporting being definitely an evening person (Model 3).

When we assessed the likelihood of moderate-severe asthma in
relation to chronotype (n=398 252), age- and sex-adjusted models sho-
wed higher odds for moderate-severe asthma for people with either
extreme chronotype compared with people with intermediate chro-
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Figure 1 Adjusted odds of moderate-severe asthma by current shift work
exposure (n=257 219). Forest plot of adjusted ORs with corresponding 95%
asymptotic Cls for moderate-severe asthma stratified by current work pattern.
Three multivariate logistic regression models were fitted to the data: Model
1 (green circle): age- and sexadjusted. Model 2 (blue square) covariates: age,
sex, smoking status, smoking pack-years, alcohol status, daily alcohol intake,
ethnicity, Townsend Deprivation Index, days exercised (walked, moderate and
vigorous), body mass index, chronotype, length of working week, job asthma
risk and job medical required. Model 3 (yellow triangle): model 2 covariates
plus sleep duration.

notypes (see online supplemental table 3). Results for definitely an
evening person attenuated to the null after covariate adjustment (eg,
Model 3: OR 1.17 (95% CI 0.99 to 1.38)); attenuation was less for defi-
nitely a morning person (eg, Model 3: OR 1.19 (95% CI 1.05 to 1.35)).
Finally, in relation to chronotype, we assessed the likelihood of
moderate-severe asthma in individuals with a definite morning chro-
notype by shift work pattern (n=59 621; online supplemental table 4).
In participants who reported being definitely a morning person there
was a higher odds of moderatesevere asthma in covariate-adjusted
models in those working irregular shifts, including nights, compared
with those working day shifts (eg, Model 2: OR 1.55 (95% CI 1.06
to 2.27)). There was no excess risk for those morning chronotype
workers either on permanent night shifts or rarely working nights.
There was no strong evidence of associations between shift work
pattern and the likelihood of moderate-severe asthma when we res-
tricted our analysis to individuals who reported being definitely an
evening person (n=20 834) or being an intermediate chronotype
(n=148 216) (see online supplemental table 4). There was no statis-
tical evidence of an interaction between chronotype and shift work
in association with asthma (p, . =0.21).
Asthma Genetic Risk Score (GRS)
We examined whether genetic susceptibility for asthma modified
the relationship between shift work and the likelihood of asthma.
In those of European ancestry in the UK Biobank cohort, we first
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Figure 2 Adjusted odds of experiencing wheeze or whistling in the chest in
the last year by current shift work exposure (n=280 998). Forest plot of adjus-
ted ORs with corresponding 95% asymptotic Cls for experiencing wheeze
or whistling in the chest in the last year stratified by current work pattern.
Three multivariate logistic regression models were fitted to the data: Model 1
(green circle): age- and sex-adjusted. Model 2 (blue square) covariates: age,
sex, smoking status, smoking pack-years, alcohol status, daily alcohol intake,
ethnicity, Townsend Deprivation Index, days exercised (walked, moderate and
vigorous), body mass index, chronotype, length of working week, job asthma
risk and job medical required. Model 3 (yellow triangle): Model 2 covariates
plus sleep duration.

showed that a higher genetic risk for asthma was associated with a
higher odds of moderate-severe asthma (Model 2: per risk allele OR
1.13 (95% CI 1.11 to 1.16), ptrend<0.01, n=313 816) and for risk of
any asthma (Model 2: per risk allele OR 1.12 (95% CI 1.10 to 1.13),
ptrend<0.01, n=302 686). To investigate this effect further we split
the GRS into quartiles and calculated odds of any asthma (online
supplemental table 5) and moderatesevere asthma (online supple-
mental table 6) on these quartiles. Using the quartiles of GRS for
moderate-severe asthma, we found that the asthma GRS had a statis-
tically significant interaction on the relationships between odds for
moderate-severe asthma and current shift work schedule (p<0.05).
However, this interaction did not appear linear in its effects. Odds
were higher for moderate-severe asthma in shift workers (who never
or rarely worked night shifts) in the second GRS quartile (OR 1.78
(95% CI 1.17 to 2.68)) and also in permanent night shift workers
in the third GRS quartile (OR 2.04 (95% CI 1.11 to 3.74), online
supplemental table 7).

Chronic obstructive pulmonary disease (COPD), emphysema
and chronic bronchitis

Our definition of asthma may have included participants who had a
concurrent doctor diagnosis of COPD, emphysema or chronic bron-
chitis since some medications are used to treat all conditions. There is
no way of determining which condition is predominant among UK

Table 2 Adjusted odds (95% Cl) of having a critical FEV, predicted percentage (<80%) by current shift work exposure (n=89 157)

Current work schedule

Day workers
Total cases (% of total sample size) 9381 (12.73%) 1183 (15.84%)
Total sample size 73719 7469

Model 1: Age- and sex-adjusted OR (95% Cl)
Model 2: Multivariable adjusted OR (95% Cl) 1 (referent)
Model 3: Model 2 covariates+sleep duration OR (95% Cl) 1 (referent)

1 (referent)

1.31(1.23 to 1.40)
1.19(1.08 to 1.32)
1.19(1.08 to 1.32)

Shift work, but never or rarely night shifts Irregular shift work including nights Permanent night shift work

849 (15.07%) 397 (16.99%)
5632 2337

1.27 (1.18 to 1.37) 1.44(1.29t0 1.61)
1.08 (0.96 to 1.21) 1.20 (1.03 to 1.41)
1.08 (0.97 to 1.21) 1.21(1.04 t0 1.42)

The predicted FEV, was estimated based on height and age. Model 2 covariates: age, sex, smoking status, smoking pack-years, alcohol status, daily alcohol intake, ethnicity, Townsend Deprivation Index, days exercised
(walked, moderate and vigorous), body mass index, chronotype, length of working week, job asthma risk and job medical required.

Model 3 data are adjusted for Model 2 covariates plus sleep duration. FEV,, forced expiratory volume in 1s.
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Figure 3 Adjusted odds of experiencing wheeze or whistling in the chest in the last year by current shift work exposure (n=280 998). Forest plot of adjusted ORs
with corresponding 95% asymptotic Cls for experiencing wheeze or whistling in the chest in the last year stratified by current work pattern. Three multivariate
logistic regression models were fitted to the data: Model 1 (green circle): age- and sex-adjusted. Model 2 (blue square) covariates: age, sex, smoking status,
smoking pack-years, alcohol status, daily alcohol intake, ethnicity, Townsend Deprivation Index, days exercised (walked, moderate and vigorous), body mass index,
chronotype, length of working week, job asthma risk and job medical required. Model 3 (yellow triangle): Model 2 covariates plus sleep duration.

Biobank participants, therefore we re-analysed the cohort after exclu-
ding all cases of concurrent doctor-diagnosed COPD, emphysema
and chronic bronchitis. A total of 1790 participants were removed
from the any asthma group and 1572 participants from the mode-
rate-severe asthma group. Our results were similar to our previous
findings: for moderate-severe asthma we found, in an age- and sex-
-adjusted model, there was a higher odds of having moderate-severe
asthma in day shift workers who never or rarely undertook night
shifts (OR 1.12 (95% CI 1.01 to 1.24) when compared with day
workers (see online supplemental table 8). After adjusting for addi-
tional covariates (Model 2), only permanent night shift workers had
a significantly higher likelihood of asthma (OR 1.35 (95% CI 1.01
to 1.82)). Further adjustment for sleep duration slightly attenuated
the likelihood of moderate-severe asthma in permanent night shift
workers (OR 1.33 (95% CI 0.99 to 1.79)). In an age- and sex-adjusted
model, we observed a higher likelihood of asthma in shift workers
who never or rarely worked night shifts when compared with day
workers (OR 1.07 (95% CI 1.01 to 1.14)). However, this association
attenuated to the null after adjusting for additional covariates (Model
2).In contrast, the likelihood of asthma in shift workers working per-
manent nights was statistically significant in multivariable adjusted
models (Model 2: OR 1.26 (95% CI 1.05 to 1.50); Model 3: OR 1.23
(95% CI 1.03 to 1.48); see online supplemental table 9).

DISCUSSION

This study shows that, compared with day workers: (a) people
working permanent nights had higher adjusted odds of moderate-
-severe asthma; (b) people doing any type of shift work had higher
adjusted odds of wheeze or whistling in the chest; (c) shift workers
who never or rarely worked on nights and people working perma-
nent nights had a higher adjusted likelihood of having reduced lung
function (FEV | <80% predicted). We analysed data from more than
280 000 UK Biobank participants, 17% of whom were shift workers,
which is similar to the reported prevalence of shift work in other
industrialised countries.”

Rotational shift work disrupts the entrainment of endogenous
circadian rhythms to external cues in the environment, resulting in
circadian misalignment.?' Shift workers, especially those working
night shifts, sleep at an inappropriate circadian phase, causing circa-
dian misalignment between their sleep/wake behaviour and endo-
genous circadian processes. Mouse models of shift work have shown
that it is the phase misalignment between the internal clockwork and
behaviour that drives many of the resulting pathologies.? To date,
the association between asthma and circadian misalignment has not
been investigated. We discover that night shift work associates with
an increased risk of asthma.

As the UK Biobank data are drawn from a cross-sectional observa-
tional study, no causal inference is possible. However, it is plausible that
circadian misalignment leads to asthma development. To investigate
this we looked at people with extreme chronotypes (morning/evening
preferences) who experience a degree of circadian misalignment in
the absence of shift work exposure. We found that extreme chrono-
types were significantly more likely to have asthma even after multi-
variable adjustments. The majority of individuals in our analysis were
day workers (n=236 897), therefore the higher likelihood of asthma in
evening types may represent circadian misalignment caused through
conforming to early day shift working hours.? In support of our fin-
dings, previous smaller studies have shown that evening or interme-
diate chronotypes associate with asthma.* Our analysis of chronotype
included data from 413 040 individuals including 9604 people with
moderate-severe asthma. When we analysed chronotype in the context
of type of shift work, we found that there was an increase in moderate/
severe asthma risk in morning chronotypes working irregular shifts,
including nights (OR 1.55 (95% CI 1.06 to 2.27)). Morning types find
it particularly difficult to adjust to working night shifts* and display
the highest levels of circadian misalignment. Evening chronotypes
showed no increase in the risk of asthma after shift work exposure,
raising the intriguing possibility that evening chronotypes might be
protected from the effects of shift work on asthma risk. Interestingly,
chronotype does change with age, getting later through adolescence

Table 3 Adjusted odds (95% Cl) of any asthma by chronotype (n=413 040)

Chronotype

Intermediate chronotype
15010 (5.68%)

264 279

1 (referent)

Definitely a morning person Definitely an evening person
6786 (6.06%) 2596 (7.06%)

112 007 36 754

1.07 (1.04 to 1.10) 1.27(1.22 10 1.33)

Model 2: Multivariable adjusted OR (95% Cl) 1.12(1.04t0 1.22) 1.16 (1.05to 1.29)

Model 3: Model 2 covariates+sleep duration OR (95% Cl) 1.12(1.03 to 1.21) 1.16 (1.04 to 1.28)

Model 2 covariates: age, sex, smoking status, smoking pack-years, alcohol status, daily alcohol intake, ethnicity, Townsend Deprivation Index, days exercised (walked, moderate and vigorous), body mass index, length of
working week, job asthma risk and job medical required. Model 3 data are adjusted for Model 2 covariates plus sleep duration.

Total cases (% of total sample size)

Total sample size

Model 1: Age- and sex-adjusted OR (95% CI)
1 (referent)
1 (referent)
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and then earlier as adults age,” suggesting that older individuals might
find it more difficult to adjust to night shift work than younger adults.

We found that the likelihood for any asthma and moderatesevere
asthma was higher in individuals working permanent night shifts
than in those working irregular shift work patterns, including nights.
One might assume irregular night shifts lead to more circadian misa-
lignment than permanent night shifts; however, only a small minority
(<3%) of permanent night shift workers appear to adequately adjust
their endogenous circadian timing to night work, as assessed by cir-
cadian rhythmicity of melatonin.”

We found a cumulative increase in the odds for moderate-severe
asthma in shift workers working more frequent nights; however, this
association was attenuated to the null after covariate adjustments
and there was no strong statistical evidence when shift work fre-
quency was treated as a continuous variable. We found higher odds of
moderate-severe asthma in individuals who had worked night shifts
for <5 years and in those who had worked for >10 years compared
with day workers. The point estimates for the ORs suggested that this
association might be stronger in individuals working night shifts for
<5 years compared with those who had worked for 210 years. We
postulate that this might represent the healthy worker effect, where
individuals stop working night shifts once their health declines.?
However, these analyses need to be repeated in larger studies.

We devised a GRS for asthma derived from genome-wide asso-
ciation study (GWAS) signals® and sought evidence that genetic sus-
ceptibility for asthma may modify the risk of shift work exposure.
However, the emerging data were inconclusive, with associations
being apparent in the middle two quarters of the GRS distribution
and not consistent with stronger associations at higher genetic liabi-
lity as we might have expected. Such an intersection between genetic
risk of asthma and response to shift work exposure would require
replication in a larger cohort.

Our study has several strengths; it involves a large cohort of >280
000 individuals from across the UK, with detailed medical history,
current employment information, lifestyle information and demo-
graphic details, all of which were collected in a uniform manner. Of
these >160 000 also had genetic data available. In addition, >100 000
individuals from the original cohort also provided a detailed employ-
ment history.

The study also has some limitations. First, UK Biobank partici-
pation rates were low at ~5%, which may have introduced selection
bias towards more healthy individuals.?” In fact, the overall prevalence
of asthma in all participants studied here was ~5% (also ~5% in the
shift worker cohort alone) compared with ~10% within the general
population of the UK.* The UK Biobank provides no data on younger
people and only limited data on ethnic minorities. The sample sizes
were small for the morning and evening chronotype analyses, which
resulted in low power. There was a reduction in sleep duration reported
by night shift workers; this would be a potential confounder and so we
took self-reported sleep duration into account in Model 3. In fact, we
found that Model 3 did not significantly alter the results from Model
2. Furthermore, we determined differences in job type between day
workers and shift workers and it is possible that these differences could
account for some of our findings. To mitigate this risk, we took into
account participants in jobs that might lead to occupational asthma or
that required a medical assessment (selecting against asthma).

CONCLUSION

This study shows that there is an increased likelihood of asthma (espe-
cially moderate-severe asthma) in shift workers on permanent nights.
There are no specific national clinical guidelines for how to manage
asthma in shift workers (or, indeed, when to measure lung function
in night shift workers); however, modifying shift work schedules to
take into account chronotype might present a public health measure
to reduce the risk of developing inflammatory diseases such as asthma.
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Bloqueador do sistema renina-angiotensina e
resultados da COVID-19: uma revisao sistematica e

meta-analise

Hyun Woo Lee," Chang-Hwan Yoon- Eun Jin Jang,> Chang-Hoon Lee*

RESUMO

Contexto A associacao de IECA (inibidores da enzima
conversora da angiotensina) e bloqueadores de recep-
tores de angiotensina Il (BRA) com a gravidade da
doenca em doentes com COVID-19 ainda néo é clara.
Realizdmos uma revisdo sisteméatica e uma meta-ana-
lise para investigar se a utilizacdo de IECA/BRA esta
associada ao risco de mortalidade e doenca grave em
doentes com COVID-19.

Métodos Pesquisamos todos os estudos clinicos dis-
poniveis que incluissem doentes com COVID-19 con-
firmado que pudessem ser classificados num grupo
I[ECA/BRA e num grupo néo IECA/BRA até 4 de maio
de 2020. Foi realizada uma meta-analise e os resulta-
dos primarios foram mortalidade por todas as causas
e doenca grave.

Resultados A utilizacdo de IECA/BRA ndo aumentou
o risco de mortalidade por todas as causas, tanto na
meta-analise para 11 estudos com 12 601 doentes que
referiram OR (OR=0,52 (95% CI=0,37 a 0,72), certeza
moderada da evidéncia) como em 2 estudos com 8577
doentes que apresentaram HR (hazard ratio). Para 12
848 doentes em 13 estudos, a utilizacdo de IECA/BRA
nao esteve relacionada com um aumento do risco de
doenca grave na COVID-19 (OR=0,68 (95% 1C=0,44
a 1,07); 12=95%, baixa certeza de evidéncia).
Conclusdes A terapéutica IECA/BRA ndo esteve asso-
ciada ao aumento do risco de mortalidade por todas
as causas ou manifestacbes graves em doentes com
COVID-19. A terapéutica IECA/BRA pode ser conti-
nuada sem preocupacao de agravamento relacionado
com medicamentos em doentes com COVID-19.

INTRODUCTION

As of 9 May 2020, SARS-CoV-2 has infected >3.7
million people and killed >259000 patients wor-
ldwide.! However, knowledge of this new virus
remains sparse, which is a major hindrance to
overcoming the current pandemic. One of the
main issues to resolve is whether the use of
the reninangiotensin system blockers, inclu-
ding ACE inhibitors (ACEIs) and angiotensin
IT receptor blockers (ARBs), may be associated
with the severity of COVID-19 caused by SARS-
CoV-2.

Preclinical studies demonstrated an increase
in the expression level of ACE2 in the heart*and
kidney® of rats treated with ARBs, as well as in
human intestine biopsies treated with ACEIs.*
ACE2 was identified as a functional receptor
through which SARS-CoV-2 enters host cells.”®
Therefore, it is reasonable to be concerned that
treatment with ACEI/ARB could facilitate virus
entry due to increased ACE2 expression, leading
to more severe disease. If this is the case, ACEI/
ARB should be discontinued in patients who are
being treated with these drugs on the confirma-
tion of COVID-19 diagnosis.”

This issue is important, given that the dura-
tion of the SARS-CoV-2 pandemic remains

What is the key question?

» Is there a statistical significance in cli-
nical outcomes, including all-cause mor-
tality and severe disease between ACE
inhibitors/angiotensin IT receptor blocker
(ACEI/ARB) group and non-ACEI/ARB
group in patients with COVID-19?

What is the bottom line?

» For 21 178 patients in 13 studies, ACEI/ARB
use did not increase the risk of all-cause
mortality of patients with COVID-19.

» For 12 848 patients in 13 studies, ACEI/
ARB use was not related to an increa-
sed risk of severe disease in those with
COVID-19.

Why read on?

» Our study supports the current recom-
mendations favouring the continuation
of ACEI/ARB use during the COVID-19
pandemic.

unclear,® and ACEI/ARBs are among the most
commonly prescribed drugs.’'® Although seve-
ral professional societies have recommended
the continuation of ACEI/ARBs in the current
situation,'' uncertainty remains owing to a lack
of supporting clinical data.

Although several observational studies
have been published recently,'*?' they repor-
ted somewhat different results. For example,
Zhang et al showed that ACEI/ARB treatment
was associated with a reduced risk of mortality
in patients with COVID-19,* but Mancia et al
showed a higher proportion of ACEI/ARB use
among critical patients than among those with
mild-to-moderate infection.*

To help resolve this issue, we conducted
a systematic review and meta-analysis on
recently published studies to investigate the
effects of ACEI/ARBs on the risk of mortality
and severe disease in patients diagnosed with
COVID-19.

METHODS

Protocol and registration

This systematic review was reported according to
the guidelines of the Meta-analysis of Obser-
vational Studies in Epidemiology** and Preferred
Reporting Items for Systematic Review and
Meta-analysis (PRISMA) statement.>® The proto-
col of the systematic review was registered in the
International Prospective Register of Systematic
Reviews (PROSPERO, CRD42020179780) on 17
April 2020.

160 (55 ]

Lee HW, et al. Thorax 2021;76:479-486. doi:10.1136/thoraxjnl-2020-215322

BM)



Eligibility criteria

The eligibility criteria for studies included in the systematic
review were as follows: (1) the study subjects were diagnosed
with COVID-19 by high-throughput sequencing or real-time
reverse transcription-PCR assay using upper or lower respira-
tory tract specimens, (2) the subjects could be classified into
ACEI/ARB user and non-ACEI/ARB user groups, (3) the seve-
rity of disease or all-cause mortality was evaluated according to
the use of ACEI/ARB and (4) any human clinical comparative
study except for those with a cross-sectional design.

Information sources and search strategy

The Medline, Embase, Cochrane Central Register of Controlled
Trials, MedRxiv, Social Science Research Network and Peer J data-
bases were searched for potentially eligible published and unpub-
lished studies up to 4 May 2020. The search strategy was designed
by experienced researchers (HWL and C-HL) based on The Peer
Review of Electronic Search Strategies checklist.* Manual searches
were conducted for references cited in recent articles, systematic
reviews and meta-analyses to complement the search strategy.
When unpublished or forthcoming papers were found, we con-
tacted the authors to obtain all available data, but none replied.
There was no restriction on study period, ethnicity or language in
the search strategy. The details of the search strategy are outlined
in online supplemental appendix 1. The searched references from
retrieved articles were imported into a reference management soft-
ware (Endnote X7, Thomson Reuters, Philadelphia, Pennsylvania,
USA) and shared with the other authors.

Study selection

The study selection was conducted by two individual reviewers
(HWL and C-HL) based on the PRISMA flow diagram.”
Duplicated studies were censored based on the study title
and name of the first author. The two independent reviewers
(HWL and C-HL) individually screened the titles, abstracts and
keywords to select potentially eligible studies. The independent
reviewers (HWL and C-HL) then conducted a full-text review
to check for conformance with the prespecified eligibility crite-
ria. In case of any conflict or disagreement, eligibility was dis-
cussed by all authors until a consensus was reached.

Data extraction and quality assessment

Data were extracted using a standardised format.* HWL and C-HL
extracted data on the study characteristics (first author, published or
preprinted year, region, eligibility criteria, exposure to intervention
and definition of severe disease) and the baseline characteristics of
the patients (number of analysed patients, age, sex and comorbidi-
ties,including hypertension, diabetes mellitus, cardiovascular disease,
pulmonary disease, cerebrovascular disease, chronic liver disease,
chronic kidney disease and cancer). Two dichotomous variables
(number of patients who died during the observation period and
number of patients with severe disease) were used as clinical out-
comes. We extracted adjusted risk ratios, including the OR and HR,
when data were available. If the use of ACEI/ARB was evaluated only
in the subpopulation with hypertension, the extraction process was
conducted with a focus on the subpopulation, along with the col-
lection of data for the whole population to determine any relevant
differences. The risk of bias (ROB) of eligible studies was assessed
using the Risk Of Bias In Non-randomised Studies of Interventions
(ROBINS-I) tool,”” as recommended by the Cochrane Scientific
Committee in 2017. If a study was assessed to have a critical level
of ROB in any domain in ROBINS-I tool, a sensitivity analysis was
planned after excluding the biassed study.

Outcomes

The primary outcomes were all-cause mortality and severe
disease. The definition of severe disease was according to indi-
vidual study definitions.

Infecao respiratdria

Data synthesis and analysis

The outcomes were conservatively analysed using a randome-
ffects model because heterogeneity was detected among the
included studies regarding the study method and patient cha-
racteristics. Risk of all-cause mortality or severe disease events
was calculated as the OR with a 95% CI in terms of summary
statistics. The overall results of the meta-analysis were visualised
with forest plots. The I? statistic and the Cochran’s Q test were
used to evaluate statistical heterogeneity among the effect sizes
of the included studies.

Meta-regression analysis was conducted by using different
variables including baseline characteristics, whether confoun-
ders were adjusted or not, and the definition of outcome, as a
covariate. Subgroup analysis was also performed according to
categorical covariates.

Funnel plot asymmetry and Egger’s and Beggs tests were used
for qualitative and quantitative evaluation of publication bias,
respectively.® If publication bias was suspected, the trim-and-fill
method was planned to calculate a corrected OR by estimating
the number of missing studies.”® All the analyses were perfor-
med using Stata software V.14.2 (StataCorp, College Station,
Texas, USA), using the commands named “metan’, “metafunnel’,
“metabias” and “metareg” and using R V.3.4.0 statistical compu-
ting software (R Foundation for Statistical Computing, Vienna,
Austria) with the metafor and meta packages.” Twotailed p<0.05
was considered to indicate statistical significance

Certainty of evidence

The certainty of evidence was rated using the Grading of
Recommendations, Assessment, Development and Evaluations
(GRADE) approach.*

RESULTS

Study selection

After removing duplicates, 404 studies were screened, and 35
potentially relevant articles were retrieved for full-text review
(figure 1). Twenty studies met the eligibility criteria. The reasons
for excluding 15 articles are described in online supplemental
appendix 2. Three studies were excluded because the data could
be overlapped with other included data sources.* The details of
data sources of included studies are described in online supple-
mental appendix 3. All 20 studies were observational studies,
and there was no randomised controlled trial reporting rele-
vant results. All-cause mortality was reported in 13 studies,"
15-1719-2132-37 and severe disease was reported in 13 studies.'*'*
16718203435 38-41 Mortality was evaluated during hospitalisation in
nine studies,? 1577192032333 ot 28 days during hospitalisation in
two studies,” * during hospitalisation in about 87% of patients
in one study,* and at 60 days in one study.” Severe disease was
evaluated during hospitalisation in 12 studies,'? 13 16-1820 3435 38-41
and during hospitalisation in severe cases in 1 study,' where
about half of mild-to-moderate cases were not hospitalised.

Baseline characteristics of the included studies and
patients

The baseline characteristics of the included studies and patients
are summarised in table 1 and online supplemental appendix
4. All studies were conducted in 2020; nine in China, four in
the USA, three in Italy, one in Iran, one in South Korea, one in
the UK and one other study across multiple countries. All the
36108 patients with a confirmed diagnosis of COVID-19 were
hospitalised or isolated. Among these patients, data for 30766
patients with information on the use or non-use of ACEI/ARB
were included in the meta-analysis, 8066 of whom were classi-
fied in the ACEI/ARB group. The mean age was 54.4 years and
54.5% of the included patients were men. Several comorbidities
were reported, including 41.9% patients with hypertension in
all 20 studies, 15.3% with cardiovascular diseases in 18 studies,
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Figure 1 Preferred Reporting Items for Systematic Review and Metaanalysis
(PRISMA) flow diagram for the systematic review and metaanalysis. In PRISMA
flow diagram, the information of different phases of a systematic review are
summarised. PRISMA flow diagram maps out the number of records identified,
included and excluded, and the reasons for exclusion.

17.9% with diabetes in 17 studies, 8.8% with chronic respiratory
diseases in 14 studies, 3.9% with chronic kidney disease in 12
studies, 9.1% with malignancies in 10 studies, 3.7% with cere-
brovascular diseases in 8 studies and 4.6% with chronic liver
diseases in 7 studies. The ACEI/ARB group was defined as those
with any medication history of treatment with ACEI or ARB
based on the electric medical record in 12 studies, those who
used ACEI or ARB during hospitalisation in 6 studies, those
who used ACEI or ARB at the time of hospitalisation in 1 study
and those who were treated with ACEI or ARB within the 7
days before symptoms or during inpatient treatment in 1 study.
Definitions of severe disease followed the report of the
WHOChina Joint Mission on COVID-19* for (1) respiratory
rate (RR) 230, (2) O, saturation at rest <93% and (3) PaO,/FiO,
ratio <300 in seven studies;!? 121617203841 the criteria for severe
disease as intensive care, mechanical ventilation or death in
four studies;!* ¥ 3% the criteria for severe disease as (1) reduced
consciousness, (2) RR >30/min, (3) blood pressure <90/60, (4)
multilobar infiltration and (5) hypoxaemia in one study® and
the severe community-acquired pneumonia definition in the
clinical practice guideline of the American Thoracic Society and
Infectious Diseases Society of America® in one study.*

ROB assessment within studies

The ROB assessment is summarised in online supplemental
appendix 5. In general, the studies had low ROB in patient selec-
tion, classification of interventions and deviations from intended
interventions, but showed moderate ROB in missing data and
selection bias. Many studies did not provide sufficient informa-
tion on confounding variables. The majority of studies were asses-
sed to be vulnerable to ROB in the measurement of outcomes,
which was attributed to the innate nature of a retrospective study
in that the outcome assessors were aware of the intervention sta-
tus, rather than to a serious or critical defect in the study design.

All-cause mortality

We found 21178 patients in 11 studies reporting OR and 2
studies reporting HR. The risk of all-cause mortality was sig-
nificantly decreased in the ACEI/ARB group compared with
non-ACEI/ARB group with a heterogeneity (OR=0.52 (95%

CI=0.37 t0 0.72),12=87%, p value for heterogeneity <0.01, figure
2) (moderate level of evidence, online supplemental appendix
6). To identify factors affecting the heterogeneity, we conduc-
ted meta-regression and subgroup analyses. A metaregression
analysis showed whether confounders were adjusted or not
affected the effect size (test of moderator p<0.01).

However, ACEI/ARB group had significantly lower risks of
allcause mortality than non-ACEI/ARB group in both subgroup
analyses where confounders were adjusted (OR=0.30 (95%
CI=0.22 to 0.40); I’=61%, p value for heterogeneity=0.11, figure
3) and where confounders were not adjusted (OR=0.52 (95%
CI=0.37-0.72); I*=0%, p value for heterogeneity=0.59, figure 3).
There were no other factors affecting the effect size in meta-re-
gression analyses by using the following covariates: ‘including
hypertensive patients only or not’ (test of moderator p=0.92),
‘the age of participants aged >600r <60 years’ (test of moderator
p=0.19) or ‘male proportion >50%or <50%’ (test of moderator
p=0.89). ACEI/ARB group was associated with decreased risk
of all-cause mortality in hypertensive patientsonly subgroup
(OR=0.53 (95% CI=0.39 to 0.73); I>=87%, p value for heteroge-
neity=0.04, online supplemental appendix 7). ACEI/ARB group
was associated with decreased risk of allcause mortality in both
subgroups of age >60and <60 years (online supplemental appen-
dix 8) and was also associated with decreased risk of all-cause
mortality in both subgroups of male proportion >50%and
<50% (online supplemental appendix 9). The sensitivity analy-
sis excluding three studies, in which the definition of morta-
lity was not ‘in-hospital mortality’ but 28 days mortality’* **
or not all patients were hospitalised,” showed a similar result
(online supplemental appendix 10).

There were two studies applying HR to compare the risk of
all-cause mortality between ACEI/ARB group and non-ACEI/
ARB group. Because those studies included patients with largely
different characteristics such as age (44.437 vs 76.0 years'®), male
proportion (38.5% vs 72.3%"?) and the proportion of hyperten-
sive patients (19.0%37 vs 100%)," we did not perform a meta-a-
nalysis. Both the study by Lee et al (HR=1.07 (95% CI=0.66 to
1.74))* and the study by Tedeschi et al (HR=0.97 (95% CI=0.68
to 1.38))" showed that ACEI/ARB use did not increase the risk of
all-cause mortality compared with non-ACEI/ARB group.

Severe disease in COVID-19

For 12848 patients in 13 studies, ACEI/ARB use was not asso-
ciated with an increased risk of severe disease manifestation
in a meta-analysis using a random-effects model, although
there was a significant heterogeneity (OR=0.68 (95% CI=0.44
to 1.07); I’=95%, p value for heterogeneity <0.01, figure 4)
(low level of evidence, online supplemental appendix 6). We
conducted a various meta-regression, but did not identify a
contributor of heterogeneity among the following covariates:
‘confounders were adjusted or not’ (test of moderator p=0.99),
‘including hypertensive patients only or not’ (test of modera-
tor p=0.35), ‘the age of participants 260 or <60 years’ (test of
moderator p=0.21) or ‘male proportion >50% or <50%’ (test of
moderator p=0.58). Whether the definition for severe disease
followed the WHO-China criteria or not also did not affect the
effect size (test of moderator p=0.17). ACEI/ARB group did
not have a higher risk of severe disease than ACEI/ARB group
both in subgroup of studies defining severe disease according to
WHO-China criteria (OR=0.51 (95% CI=0.30 to 0.87)) and in
subgroup of studies defining severe disease according to other
criteria (OR=0.99 (95% CI=0.51 to 1.90)) (figure 5). ACEI/
ARB was not associated with increased risk of severe disease
in all other subgroup analyses, although there were statistical
heterogeneities in majority of subgroup analysis (online supple-
mental appendices 11-14. The sensitivity analysis excluding one
study,'* in which not all patients were hospitalised, showed a
similar result (online supplemental appendix 15).

162 (55 ]

Lee HW, et al. Thorax 2021;76:479-486. doi:10.1136/thoraxjnl-2020-215322

BM)



oria

irat

d0 respira

~

(9]

[}
(et
=

panupuo)

VIN
°

U1eap 10 UOI.|1UA [BDIUBLDIW
SAISEAU] 10 BAISBAUI-UOU JO 35N 3}
‘Jlun 313 AISUB}U Y} O} UOISSIWPY

91 BAISUBIU|

Am_‘_mt\_u mc_su.o_._>>v 00€> onel

4d '%€E6S 158l 1e uoneInies ;0 ‘ulw
/O£ Yy :suonIpuod buimoj|oj 8yl Jo auQ
Am_\_mt\_u mc_;u.o_._>>v 00€> onel

4d '%€65 1591 1e uonelnies ;0 ‘Ul
JOE< YY ‘suoiipuod mc_>>o:ou_ 3y} Jo auQ

VIN

U1eap 10 Uone|iiusA palsissy

(eUB1LD BUIYD-OHM) 00ES Olel
4d '%E6S 1521 12 uoneinies 0 'uiw
JOEZ WY :suoipuod buimojjo} 8y} Jo auQ

(pa1eNn|EAD JOU Sem 35easip a1aAds) /N

VIN

(211D _UIYD-OHM) 00€S onel

1d '%E6S 1531 12 UoneINes o ‘uiw
JOEZ Yy :suonipuod buimojjo} ay} Jo auQ
(eLBILD BUIYD-OHM) 00ES Onel

1d '%E6S 1531 12 Uonenes ‘o ‘Ui
JOEZ YY :suonipuod buimojjo} ay3 Jo auQ

VIN

(paddejiano aq
Ue) SAWO0INO0 3SOY) ‘Palen|end Sem Lieap pue
uoissiwpe N} ‘asn AIN/ddd Ybnoupe) /N

195U0

swoydwAs jo skep / uiyym poddns-uebio
10} J1UN 31D [EDILD B 0] UOISSIWPE 10 Y1eaq
elwaexodAy ‘uoneiniur Jengojnnjy
'09/06> dg 'UIW/QE= Yy 'SSausnoidsUod
padnpal :suoIpuod buimoj|oj 8yl Jo auQ

9seasIp 249A3S O UoIHULI(Q

uones||eydsoy buunp
g4v 10 13D buipnpur uonesipaul
anisualadAyue panidal sjusned

ejep wiep
WOl PAPIRIXD SeM gyy 10 3DV
Jo A103s1y uolyedIpaU UO eleq

pi0dal [edlpaul
JU13[9 WOJ4 PAIRIIX3 SeM gy 10
130V 40 Aiolsiy uopedIpaw Uo ejeq

pi0dal [ed]paul
J1103[9 WO PAIRIIX3 SeM gy 10
13DV 40 Aiolsiy uopedIpaw Uo eyeq

uopesijendsoy
Buinp gyy 10 [3Dv 01 3Insodx3

uolesi|eydsoy Jo awiy

3U3 18 Yy 10 |30 03 insodx3
ejep wiep

W01} Pa1RIIXD SeM gYY 10 1DV
Jo Ai0js1y uonedIpaw uo ele(

uonesijendsoy
ybnoiy panuiluod ey} Uoissilupe
40 3w} ay} 3e sbnip asayy Jo asn

pl0d31 [ea1paw
J11123]3 W04 PIIILIXS Sem gy 10
13DV 40 Alolsiy uonedIpaw uo ejeq

plodaJ [ealpaw
J113[3 WOl PR3 SeM gyy 1o
13DV Jo Alolsly uonedIpaw uo ejeq

piodal [ealpaw
J11193]3 WOJ4 PIIILIXI SeM gyy 10
130V Jo Al0lsiy uonedIpaw uo ejeq

piodal [ealpaw
J14123]3 WOJ4 PIIIRAXS SeM gyy 10
130V J0 AI01s1y uonedIpaw uo eyeq

uonesijeydsoy butinp pue

210J2q gy Jo [3DV 01 nsodx]
piodal [edlpaul

J1199[9 WO PRIORIX3 SeM gy 1o
13DV J0 AIo1sy uonedipaw uo ejeq

1uauieal) Juanedul
Burnp Jo swoldwAs a10jaq skep
£ UIyUM gy 10 [3DY 01 3Insodx3

PaMBIAR] SeM
g4V 10 |DV UO SpI0dal [BIIP3A

UOI3UAAIB}UI 0} dAnsodx3

€L

€Ly
0°09 :dnolb gyv/13D¥-UON
1Lt :dnolb gyv/130v

L[S

665

L9
0’6t :dnoib gyv/13DV-UoN
165 :dnoib gyv/130V

4

8¢ :dnoib gyv/13D-UoN

195 :dnoib gyv/130v
$8¢

6°9% :dnoib gyv/13Dv-UON
679 :dnolb gyv/130v
(7°05) 805

H6'99)

(314

9'99
9yt :dnoib gyy/|3Dv-UoN

€6 :dnoib gyy/13ov
L'1S

919
% ‘d1eiN

¥9L

199

079
1'79 :dnoib gyv/13Dv-UoN
6'19 :dnoib gyv/130v
079

L6y

89

L9 :dnoib gyy/13Dy-uoN
69 :dnoib gyv/13DY
x99

879 :dnoib gyv/13Dv-UoN
9'Lp :dnoib gyv/130v
vy

«£9 :dnoib gyy/13Dv-UoN
«LS :dnoib gyy/130v
«LP)S19

+4(0°€9)

*8L

8'99
109 :dnoib gyv/|13Dv-UoN

£°7¢ wdnoib gyy/130v
0¢9

%85
ueaw ‘aby

6.1 :dnoib gyv/13ov
LLE

0L L1 :dnoib gyv/13DV
(v685) L 12T

GGz :dnoib gyv/13v
685

2z :dnoib gyv/13ov

61-0IAOD pawlyuod
fjjea160j01goIoIW B yym pasoubelp pue pasiiendsoy aiem
oym uoisuanadAy yum syusiied ynpe pajjolus ARAdadsold

61-QIAQD 104 1581 annisod
e yim sjuaied paydlew-a10ds Aysuadolyd

fpnis 1o ul pajen|ers

313M 6 -QIAOD 104 153} aAisod e yum syuaiied Ajuo ‘sise
61-0IA0D JUsMIBpUN OyM YA Ul siusied |gibije sy Buowy
PapnXa a1am Safijewouge

fioupny 10 aseasip Janl| ‘saseasip J1walsAs yum syuaned ay|
‘|endsoy ui pajealy pue 61-AIAQD YHM pasoubelp alam oym

711 9seasip Jejndsenolpied yim (s1eak g = pabe) syuaied ynpe ay|

L1 :dnoib gyv/13ov
4

9z€| :dnoib gyv/13Dv
0168

o~

9687 :dnoib gyv/130v
779

G11 :dnoib gyy/I3dv
9¢

116 :dnoib gyv/13ov
9978

09t :dnoib gyv/130v
6211

91 :dnoib gyv/13ov
(¥95) 59

€€ :dnoib gyy/13Dv
(9Ly) €Ll

z.1 :dnoib gyv/13ov
90¢

0L 1 :dnoib gyv/13ov
LIy

9t :dnoib gyv/1 3DV
S0¢

61 :dnoib gyv/ 3DV
001

sbnip anisuspadAynue Yooy pue |eudsoy 03 papiwpe
319M OYM 61 -dIA0D Yum pasoubelp syuaped anisuapadAy ayl

|eydsoy
0} PalIWpPE 3I3M OYM 6| -dJAQD YIm pasoubelp siuaned ay|

61-0IA0D Yyum pasoubelp (sieak
0b= pabe) 31A13S Ui eaH [euoibay ay} Jo salienlyauaq ay|

|eydsoy 0} panwpe
319M OYM 6| -0IA0D YHM pasoubelp siuaied anisusuadAy ay|

paiejos| 1o [eydsoy
0} PaIWpE 3I13M OYM 61-0IA0D YHM pasoubelp siuaied ay|

|endsoy o3 paniwpe
31aM 0YM 61 -JIA0D Yum pasoubelp syusned snisuspadAy ay)

[endsoy 1e pajeas a1am oym elep buibew 1o [edlu
d]qeliene YLM 61-0IAQD PAULIUD YA sludlied Jnpe 3yl ||y

61-AIAQD JO Juswiesl} ayj 10} pajeunissp m_mtamo;
3L a1IsiA oYM 61-QIAQD im pasoubelp sjuanied 3L |y

61-QIAQD PaWLIJUOD JO JU3UIRaI) AU} Joj [eydsoy 0} paniupe
219M OUM 3In|ie} Leay Yim (s1eak g1 Z pabe) siuaiied ynpe ay|

[eydsoy 03 panIwpe a1am
0yM 61-QIAQD Yum pasouberp spuaied ay|

uojss|wpe
juaiiedu; Bupinbai pue dpewoldwAs g1 -QIA0D YHM siused

[eydsoy 03 paniwpe 31am
0yM 61-IAQD YHM PaWIu0d sjuaned ay|

euad Apqibia

ey g/e19°s 1ypsapal

VSN /8 39 "YH Sploukay

VSN /€191 YIsIusy

BuIyD ‘ueynpn /e 32 °A Buad

BUIYD ‘UBYZUBYS /e 23 [ BuBly

(ed1BWY YUON pue

adoing ‘eIsy) [eUORRUIRIU| /8 79 YAl BIYBIAl

A e 29 epuely

euly) ‘ueynp e

©3J0) YInos 16/ 19 °H 997
vsn /239y d|
euly) 1uadnny vae/P 397 Buay
eulyd ‘anusdnny /19 A buay
VSN «/€ 12D Ojjeqeled

Aley ‘ewas) /e 19 I||3udg

AN 6¢/€ 19 °Q Uesg

UBI] ¢/ 43 VN JeIysY
uoifiay Apnys

9l

Sl

vl

€l

i

0l

‘oN

SSIPNIS [UOIIBAISSCO PIPN|DUI OZ JO SoIsLRIORIRYD | 3jgeL

163

10.1136/thoraxjnl-2020-215322

479-486. doi:

76:

’

Lee HW, et al. Thorax 2021

BM)



Infecao respiratdria

Publication bias

Observation of funnel plots supported by Egger’s and Begg’s
tests indicated no significant publication bias for the associa-
tions with mortality and severe disease (online supplemental
appendix 16).

DISCUSSION

To our knowledge, this is the systematic review and metaanaly-
sis investigating the association between ACEI/ARB treatment
and the risk of mortality and severe disease in patients with
COVID-19 first registered in PROSPERO. ACEI/ARB use was
significantly associated with a decreased risk of all-cause mor-
tality in meta-analysis for studies using ORs. Two studies using
HR did not show an increased risk of all-cause mortality in
ACEI/ARB group compared with non-ACEI/ARB group. Thus,
we concluded that ACEI/ARB did not increase the risk of all-
cause mortality in patients infected with SARS-CoV-2. ACEI/
ARB use was not associated with an increased risk of severe
disease, although there was a significant heterogeneity. We rated
moderate certainty of evidence for all-cause mortality and low
certainty of evidence for severe disease, mainly rated down due
to the limitation of retrospective study design. Overall, the con-
tinuation of ACEI/ARB use during the COVID-19 pandemic
can be a suitable strategy as current guidance suggested."

Hypertension, cardiovascular diseases and diabetes are the
most common comorbidities of patients with severe disease in
COVID-19,* which are commonly treated with ACEI/ARBs.
Researchers have postulated that ACEI/ARB use could be a
link between more frequent cases of severe disease symptoms
in patients with comorbidities.****” This is based on the fact that
ACEI/ARBs were found to upregulate ACE2 expression in rats
and human intestinal cells.>* Since ACE2 is the receptor for
SARS-CoV-2 entry in the host cell,”® ACEI/ARB use could faci-
litate worse symptoms in patients with COVID-19.44

However, our study does not support this speculation; it even
suggests a potential benefit of ACEI/ARB for some COVD-19
patients given that a decreased risk of all-cause mortality was
observed in the meta-analysis for studies using ORs. The bio-
logical mechanism of these beneficial effects with ACEI/ARB
could be explained from two perspectives.* First, ACEI/ARBs
inhibit the activity of angiotensin II, which increases blood
pressure, retention of sodium and water,” inflammation®® and
tissue injury.”! Thus, these drugs attenuate lung and cardiovas-
cular insults, which could prevent severe disease and death.*
In fact, serum angiotensin II levels were found to be markedly
elevated and linearly associated with viral load and lung injury
in patients with COVID-19.% Second, ACEI/ARBs upregulate
ACE2, which is expressed in the heart, lung, intestine and kid-
neys.”* Human coronaviruses downregulate ACE2 expression
on cell membranes after invading cells,* *® thereby enhancing
neutrophil infiltration in the lungs.”” Since angiotensin II is the
main substrate of ACE2, the increase in ACE2 levels by ACEI/
ARBs could mitigate the harmful effects of angiotensin II.
ACE2 also degrades angiotensin I to angiotensin-(1-9), indu-
cing anti-inflammatory, antioxidative and vasodilating effects
through binding to the Mas receptor." In fact, some previous
studies suggested that ACEI/ARBs may have a beneficial effect
in preventing pneumonia*®*’and in improving the outcomes of
patients with acute respiratory distress syndrome.* The study of
Meng et al,'® which was included in our meta-analysis, demons-
trated no difference in viral load at baseline, although the peak
viral load was significantly lower in the ACEI/ARB group than
in the non-ACEI/ARB group (p=0.03).

Our study has limitations. First, the interpretation of the
results from our systematic review and meta-analysis should
be careful because of high ROB from observational studies.
According to GRADE approach, we attenuated the certainty of
our conclusions. Second, the definition of severe disease was

min, 07 saturation at rest <93%, PF ratio <300,

respiratory failure requiring mechanical ventilation,
shock, disseminated intravascular coagulopathy and

acute kidney injury were evaluated, those

shock and requiring ICU admission requirement due
outcomes can be overlapped)

to multiple organ failure (WHO-China criteria)
body temperature <36°C, hypotension requiring
fluid resuscitation (ATS/IDSA criteria for severe
N/A (although acute respiratory syndrome, septic

dL, WBC <4000 cells/uL, platele <100 000/uL,
pneumonia

conditions: RR =30/min, PF ratio <250, multiple
infiltration, altered mentality, BUN =20 mg/

One of the following conditions: RR =30
One of the following conditions: septic shock,

One of the following conditions: RR =30/
admission and during hospital stay  min, O, saturation at rest <93%, PF

Definition of severe disease
ratio <300 (WHO-China criteria)

or ARB were extracted from electric mechanical ventilation Three of the following

Data on medication history of ACEI
or ARB was extracted from electric

medical record
Data on medication history of ACEI

Exposure to ACEl or ARB during

Exposure to ACEIl or ARB prior to
hospitalisation

Exposure to intervention

Male, %

(51.1)t

ACEI/ARB group: 48.8
ACEI/ARB group: 42.9
ACEI/ARB group: 53.2

49.2 (49.0)
46.7 (54.7)

53.5

Age, mean
Non-ACEI/ARB group: 69  Non-ACEI/ARB group: 48.9  medical record

Non-ACEI/ARB group: 67* Non-ACEI/ARB group: 49.4

67 (60)
Non-ACEI/ARB group: 64  Non-ACEI/ARB group: 53.5

48.8)t
66 (66)*

ACEI/ARB group: 43 ACEI/ARB group: 65*
64*

ACEI/ARB group: 188 ACEI/ARB group: 64

diagnosed with

CovID-19
126 (251)

75 (274)
ACEI/ARB group: 28 ACEI/ARB group: 64

All adult patients

The hypertensive adults (aged 18-74 years) diagnosed with COVID-19 1128

who were admitted to hospital The patients with incomplete medical
records, pregnancy, lethal organ injury, decompensated or end-stage

COVID-19 who were aged <18 years, whose entire stay in
disease, AIDS or malignancy were excluded

All adult patients diagnosed with COVID-19
The patients diagnosed with COVID-19 who
hospital lasted for <48 hours were excluded

were admitted to hospital

Eligibility criteria
The hospitalised patients suspected and confirmed of patients with

Zhejiang, China
Multicentre, China

Region
Wuhan, China
Wuhan, China

Yan H. et a/*

Yang G. et a/*®
Zeng Z.etal*
Zhang P. et al*!

Study
ACEI, ACE inhibitor; ARB, angiotensin |l receptor antagonist; ATS, American Thoracic Society; BP, blood pressure; BUN, blood urea nitrogen; IDSA, Infectious Diseases Society of America; N/A, not available; NIV, non-invasive ventilation; PF ratio, PaO,/Fi0,; RR, respiratory ratio; WBC, white blood cell.

Some studies evaluated the association between ACEI/ARB use and severe disease or mortality only in the subgroup patients with hypertension. If the information is available, we described the information of hypertensive patients first, and then the information of all patients in the bracket.

*Only median value was reported.
tOnly the values of the whole patient cohort were available; the values of the subjects analysed in the study were not presented.

Table 1 Continued
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Study TE Qs Ratio OR 95%-C1 Weight
Ashraf M =031 073 (01X 437 29%
Banell G 033 130 [D46; 4.4] 61%
Caraballe C =040 052 03Xk 145 MA%
Ip & ~0.42 =] 086 [0.58; O.7H) 17.7%
LidJ -0.27 = 076 |04 1.98] 138%
Mehra M =132 027 [02F% 0.31] 17.9%
Meng J -078 . 0.47 [0.00; 200.45) 0.3%
Pang ¥ 027 — 132 [T 10.38]  22%
vang G =1.14 .3 032 [D46 066 9.8%
Zeng Z 044 -t 085 [D.11; 365 30%
Zhang P -089 037 [0.26; 0.54] 151%
Random-effects model s 052 [0.3T: 0.7 100.0%
Helsrogenaity: i = BT%, 1" = 0.1514, p <001 |

o0m o1 1

Figure 2 Forest plot of for all-cause mortality using OR. All-cause mortality
data of OR and 95% Cl from 11 studies were pooled in this meta-analysis
using random-effects model and the result of metaanalysis was described as
a forest plot. The square and horizontal line indicated the OR and 95% Cl of
individual study that was also described in the right side of the forest plot. The
diamond on the bottom of this forest plot indicated a pooled OR and 95%
CI. TE, treatment effect.

10 100

heterogeneous among studies. Seven studies defined severe
disease based on the WHO-China criteria, and six studies used
other different criteria.

The heterogenous definition for severe disease may have
led to a significant statistical heterogeneity in the meta-analy-
sis (I*=91%, p value for heterogeneity <0.01). Although ACEI/
ARB group did not increase the risk of severe disease both in
subgroup of studies defining severe disease according to WHO-
China criteria and in subgroup of those using other criteria, the
results should be cautiously interpreted considering the hetero-
geneity of outcome definition and the statistical heterogeneity.
Third, there were a little bit different time points when the out-
comes were evaluated. Most studies evaluated severe disease
and mortality during hospitalisation. However, in the study by
Mancia et al, half of patients with non-severe disease were not
hospitalised, although all patients with severe disease were hos-
pitalised. In the study by Caraballo et al, about 87% of patients
with COVID-19 were hospitalised and in-hospital mortality
was evaluated. We postulated the patients with COVID-19 who
were not hospitalised as those with mild disease who recovered
spontaneously without hospitalisation. The studies by Zeng et al
and Zhang et al used 28 days mortality. However, we performed
sensitivity analysis, excluding those studies, which showed simi-
lar results. Fourth, we found significant interstudy heterogenei-
ties in meta-analyses for all-cause mortality and severe disease.
To identify factors contributing on interstudy heterogeneity, we
conducted metaregression analysis and subgroup analysis. We

Study TE Odds Ratio OR 95%-Cl Waight
Adgusted OR

Mehra M -1.32 I 0.27 [0.23; 031] 17.9%
Zhang P -5 = 037 025 054] 15.1%
Random-sffects model L 030 [0.22; 0.40] 33.0%
Heterogenaity: i* = 61%, ¥ = 0,028, p = 0,11

Unpdijusted OR

Aarral M =031 - 0.73 (042 437 298%
Benelli G 033 —— 139 D45 4.14) B1%
Caraballo C -0.48 = 062 [0.3% 115 Ma%
oA =042 066 [0.56, 0O.78] 17.7%
LiJ ~0.27 - 076 (048 1.18] 13.8%
Meng J 078 0.47 [0.00; 200.45] 0.3%
Perg ¥ 02T —T— 132 [0AT: 1038 2%
Yang G =1.14 = 0.32 [0.16; 0B8] 9.6%
Zerg Z Ddd — 085 [0.11; 385 30%
Random-effects model @ 066 [0.4T; 0.91] E7.0%

Fetarogenaity: I© = 0%, v = 0.0758, p = 0.50

Random-sflects model @
Hataragenaity: 17 = BT%, ¢ = 01514, p < 0.01 LI
Feschal heterogensity- I = 1%, p =043 001 01 1 10 100

082 [037; 0.72] 100.0%

Figure 3 Forest plot for all-cause mortality in adjusted OR and unadjusted
OR. Subgroup analysis for all-cause mortality was conducted according to
adjusted or unadjusted OR. The square and horizontal line indicated the OR
and 95% Cl of individual study that was also described in the right side of the
forest plot. The diamond of this forest plot indicated a pooled OR and 95% Cl
in each subgroup analysis and in overall population. Meta-regression analysis
performed using ‘unadjusted versus adjusted’ as the covariate affected the
effect size (test of moderator, p<0.001). TE, treatment effect.
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Sludy TE Odds Ratio OR 95%~C1 Waeight
Aghraf M 0.53 —— 170 DAk I 21%
Baan D =1.24 L 028 [0.21; 0.40] 10.5%
Ferg ¥ -1,78 : 04T [013 021] 10.8%
Farg Z -0.69 —— D41 [009 197] 47%
LiJ 0.10 % 1.11 [087; 1.84] 67%
Mancia @ .57 |"' 177 [1.37; 2401 10.68%
Meng J =1.10 3 033 [0.4B; 061] B2%
Peng ¥ =0.07 — 084 [0A7; 505 42%
Rentsch C 0.51 i 166 [0.67; 4.48] T1%
Reynalds H -0.01 = 089 [082 1.21] 10.9%
Yan H -0.26 —= 077 [041; 1.45] 8.1%
Yang G -0.31 - 073 [040; 1.38] 0.1%
Zeng Z 0.0 —i—-—?ﬂlﬂﬁ:wm 21%
Random-effects model == 068 [0.44; 1.07] 100.0%

D I |

g1 051 2 10

Figure 4 Forest plot for severe disease using OR. Severe disease data of
OR and 95% Cl from 13 studies were pooled in this meta-analysis using
random-effects model and the result of meta-analysis was described as a
forest plot. The square and horizontal line indicated the OR and 95% CI of
individual study that was also described in the right side of the forest plot. The
diamond on the bottom of this forest plot indicated a pooled OR and 95%
CI. TE, treatment effect.

Heteroganetty: ¥ = 5%, © = 04665, p < 0.01

identified whether confounders were adjusted or not signifi-
cantly affect the effect size for all-cause mortality and conduc-
ted subgroup analysis according to confounders were adjusted
or not. However, both subgroup analysis showed that ACEI/
ARB group did not have a higher risk of all-cause mortality
than non-ACEI/ARB group as described above. Fifth, although
all the included studies fulfil the eligibility criteria stipulated
in the present systematic review, there were several inconsis-
tent participant criteria because of eligible age (all adults vs 240
years old), comorbidities (general population vs specific disease
cohort) and indications to exclude specific comorbid diseases.

CONCLUSIONS

The ACEI/ARB treatment does not increase the risk of all-cause
mortality in patients with COVID-19. ACEI/ARB use does not
increase the risk of severe disease, although the heterogeneous
outcome definition and the statistical heterogeneity should be
considered. Physicians can prescribe ACEI/ARB without con-
cern of drug-related worsening in patients with COVID-19.
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Miang J =1.10 . 0.3 08 061]  BIE%
Peng ¥ -007 —— 054 017 505 4.3%
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Figure 5 Forest plot for severe disease according to the definition of severe
disease. Subgroup analysis for severe disease was conducted according to
whether the definition of severe disease followed WHOChina criteria or not.
The square and horizontal line indicated the OR and 95% CI of individual
study that was also described in the right side of the forest plot. The diamond
of this forest plot indicated a pooled OR and 95% Cl in each subgroup analysis
and in overall population. Metaregression analysis performed using ‘defined
by WHO-China criteria versus other criteria” as the covariate did not affect the
effect size (test of moderator, p=0.1657). TE, treatment effect.
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Tabagismo das avos, asma e fun¢ao pulmonar nas

criancas: estudo de coorte Lifelines
Gillian M Mahon," Gerard H Koppelman," Judith M Vonk 2

RESUMO

Contexto/objetivo Existe pouca investigacao sobre
a associagao entre o tabagismo das avos durante a
gravidez e o risco de asma e funcéo pulmonar alterada
nos netos. Este estudo procurou investigar esta asso-
ciagdo num ambito de trés geragoes.

Métodos 37 291 participantes (25 747 adultos e 11
544 criancas) foram incluidos no estudo Lifelines, um
estudo de coorte prospetivo longitudinal de trés gera-
¢Oes nos Paises Baixos. A espirometria foi realizada
em 69,5% dos adultos e 61,1% das criancas incluidas
no estudo. Utilizou-se a regressao logistica e linear
para analisar a associacdo entre o tabagismo das
avos durante a gravidez e (1) asma, (2) asma infantil
precoce (ou seja, inicio antes dos 6 anos) e (3) nivel
de funcdo pulmonar. O tabagismo das avos maternas
e paternas foram estudados separadamente e as ana-
lises foram estratificadas por adulto/crianca e sexo. As
analises foram ajustadas por sexo, tabagismo atual,
varidveis de nascimento e estatuto socioeconémico.
Resultados Na populacdo adulta, o tabagismo das
avos maternas durante a gravidez foi associado a um
risco mais elevado de asma (OR (95% IC): 1,38 (1,06
a 1,79)), asma de inicio precoce na infancia (1,49
(95% 1C) IC 1,06 a 2,11) e um FEV /FVC% previsto
mais reduzido (B (95% IC): -1,04 (-1,91 a -0, 16)) nos
homens. Estes resultados nao foram observados numa
analise separada das criancas que participaram neste
estudo. Também nao se verificou uma associacao signi-
ficativa entre o tabagismo da avo paterna e a asma/
funcdo pulmonar.

Concluséo O tabagismo nas avos maternas durante a
gravidez esta associado a um risco acrescido de asma
e a uma menor funcdo pulmonar nos netos masculi-
nos e a um efeito inverso nos netos masculinos das
geracdes seguintes. O nosso estudo destaca os efeitos
profundamente enraizados do tabagismo ao longo das
geracoes.

INTRODUCTION

Asthma is a highly prevalent disease reported to
affect more than 358 million people worldwide
in 2015.' In utero exposure to tobacco smoke is
a long identified risk factor not only for asthma,
but also for childhood respiratory symptoms
and lower lung function in the first generation
offspring.?

In the Netherlands, a peak in the prevalence
of women smoking was observed in 1970 (42%),
which steadily decreased in 1990 (32%) and fur-
ther decreased in 2017 (14.1%).3 It is difficult to
define the historical trends of women smoking
specifically during pregnancy, however it was
reported that 46% of Dutch women of childbea-
ring age (20 to 34 years) smoked in 1958.* More
recently in 2010, one-third of Dutch women
smokers (6.3% of women) reported to have
smoked during pregnancy exposing more than
11 000 fetuses per year.”

What is the key question?

» To investigate the effect of tobacco
smoking during pregnancy on the risk
for asthma and lung function in second
generation offspring.

What is the bottom line?

» Grandmaternal smoking during pregnancy
is associated with a higher asthma risk and
lower lung function in male grandchildren.

Why read on?

» The adverse effects of tobacco smoking
are deeply rooted across generations and
this awareness in clinical practice contri-
butes to promoting life-long respiratory
health.

In experimental animal studies, the effects
of smoking on respiratory health are not only
seen in the directly exposed fetus but also in the
indirectly exposed gametes that form the second
generation offspring. Exposing pregnant rats to
subcutaneous nicotine was associated with lung
function decrements and male specific increased
airway hyperresponsiveness to methacholine in
both first (F1) and second (F2) generation off-
spring.® In a more recent study, adult mice were
exposed pre-conception and post-conception
to secondhand cigarette smoke. An altered lung
integrity and a higher incidence of allergic asthma
was found in both F1 and F2 progeny compared
with comparable progeny of adult mice exposed
to filtered air.” These studies raise the question
whether the smoking-induced epigenetic traits,
that are associated with asthma risk and/or the
level of lung function, exercise intergenerational
effects via the germ line.

While many human studies show the effect of
smoking during pregnancy on F1 offspring,® few
and somewhat conflicting studies have assessed
the intergenerational inheritance patterns seen
in the F2 generation in animal models. One of
the first human studies observed a higher risk for
childhood asthma, specifically early childhood
asthma, when maternal grandmothers smoked
while pregnant. This risk was independent of
maternal smoking.® In 2014, Miller et al were
unable to replicate these findings for maternal
grandmaternal smoking; however they found a
higher risk for childhood asthma in granddau-
ghters when investigating the effect of paternal
grandmaternal smoking during pregnancy.® This
paternal specific association was found insignifi-
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cant in another more recent study."" Further to this, two large
Scandinavian studies investigated the risk of asthma outcomes
in grandchildren as a result of maternal grandmaternal smoking
during pregnancy. One study found an associated higher risk for
asthma symptoms and medication usage at ages 36 months and
7 years '? while a more recent study found an associated higher
prevalence of childhood wheeze and use of asthma medica-
tions.” Maternal smoking is also known to be associated with a
lower lung function in F1 offspring.**> However, only one study
in humans investigated the effect of grandmaternal smoking
during pregnancy on lung function in the F2 generation and
no significant associations were found.'® Thus, when assessing
the intergenerational effects of smoke exposure, research should
account for gender specific effects, timing of symptoms (ie, early
onset asthma vs later onset asthma), as well as potential smoking
effects on lung function in the grandchildren.

The aim of this study was to investigate the association
between grandmaternal smoking during pregnancy and
asthma, early childhood asthma and lung function levels (FEV ,
FVC and FEV /FVC ratio) in grandchildren using the three
generation Lifelines cohort study. We separately analysed early
childhood asthma since previous studies showed that this phe-
notype seems to be most affected by grandmaternal smoking
during pregnancy. Stringent criteria were used to define asthma
specifically, in order to avoid the inclusion of non-asthmatic
childhood wheeze; moreover, we investigated a population com-
prised of grandchildren with an extensive age range (4 years old
to 50 years old) over a long time period (pregnancies between
1967 to 2013) which incorporated different trends in smoking
prevalence. The role of gender was scrutinised by separately
analysing paternal and maternal grandmaternal smoking and
outcomes in both grandsons and granddaughters.

MATERIALS AND METHODOLOGY

Study population

The data used in these analyses were collected as part of the
prospective population based Lifelines cohort study which
investigates 167 548 subjects from three northern provinces of
The Netherlands.'® The Lifelines study was founded to facilitate
research on chronic disease and healthy ageing and follows par-
ticipants aged between 6 months and 93 years who were enrolled
between 2006 and 2013.17 Subjects aged between 25 and 50 years
were initially invited to participate via their general practitioner.
Subsequently, family members of the participants (parents, part-
ners and children) were also asked to participate resulting in the
inclusion of two-generation or three-generation families. At base-
line examinations, participants completed a questionnaire and
had several clinical measurements including lung function. All
participants were followed up by means of a questionnaire every
1.5 years and extensive physical examination every 5 years."” All
participants signed a written informed consent.

The questionnaires used in the Lifelines’ cohort differed for
children (age <18 years) and adults. We therefore analysed chil-
dren and adults separately. In both groups, grandchildren (F2)
can be distinguished. For the F2 generation/grandchildren, we
required the participation of at least one parent (F1) as these sub-
jects report the smoking habits of the grandmothers during preg-
nancy (F0). Therefore, as figure 1 illustrates, the F1 generation
in the children group can also be included as the F2 generation
in the adult group. Unfortunately, detailed pedigree information
and genetic profiles were not available and therefore we could not
adjust for multiple (grand)children of the same (grand)mother.

In our analyses, children younger than 4 years of age (n=2411)
were not included. This was due to the style of this first ques-
tionnaire where parents were asked to retrospectively report on
asthma in their child before the age of 4 and as a result, data was
either incomplete or missing because these children had not rea-
ched the age of 4. Also, adults older than 50 years (n=42 555) were
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Figure 1 The different representation of three generations in both adult and
children group and the roles of these generations in reporting information.
FO, grandmaternal variables, for example, grandmaternal smoking; F1, mater-
nal/paternal variables, for example, maternal smoking; F2, child variables, for
example, asthma.

excluded from our analysis since the parents of these subjects
were not included in the cohort and therefore, data on grand-
maternal smoking was not available. We conducted our analysis
on the remaining population consisting of 122 582 participants.

Outcome variables

Variables for the children and the adult group were defined sepa-
rately. The questionnaires were completed by the parents in the
children group and by the participants themselves in the adult
group. These variables were defined within the constraints of
the questionnaires. Asthma in the adult group was defined if one
of the following two criteria was present : (1) Doctor diagno-
sed asthma ever or (2) At least two symptoms (wheeze, short-
ness of breath at rest, nocturnal shortness of breath based on the
European Community Respiratory Health Survey-questionnaire
(www.ecrhs.org)) and current use of at least one medication
(B-agonist, long acting $3-agonist/inhaled corticosteroid com-
bination therapy, inhaled corticosteroid, anti-cholinergic, cro-
moglycate, theophylline, leukotriene receptor antagonist). If
participants reported to have never been diagnosed with asthma
nor having received treatment for asthma, they were included in
the ‘no asthma’ group. Asthma in the children group was defi-
ned as ever having received treatment for asthma by a doctor.
Participants who did not were included in the ‘no asthma’ group.
We defined two asthma outcomes namely asthma and early
childhood asthma. Asthma was the total group of those with
asthma irrespective of age of onset. We defined early childhood
asthma as having the first asthma attack before the age of 6 years.
Pulmonary function was measured by trained Lifelines assistants
with spirometry according to ATS (American Thoracic Society)
guidelines using Welch Allyn V.1.6.0.489, PC-based SpiroPerfect
with CardioPerfect Workstation software. A completed pulmo-
nary function measurement consists of at least three technically
correct manoeuvres. Spirometry was not performed in children
younger than 8 years. Due to time constraints spirometry was
performed in 70% of the participants. The subjects without lung
function data were excluded from the analysis. The reference
values of the Global Lung Function Initiative'® were used to cal-
culate the % predicted values. We evaluated lung function based
on the following measurements: FEV /FVC ratio, FEV and FVC.

Grandmaternal and maternal smoking variables

Grandmaternal smoking in both children and adults was
defined if their mother and/or father reported that either the
grandmother continued smoking as usual during pregnancy,
smoked less or quit during (and not before) pregnancy. Smoking
dose was not accounted for. In cases where smoking stopped
before pregnancy, grandmaternal smoking was not assumed.
Information on grandpaternal smoking was not included in the
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questionnaires. Maternal smoking in the adult group was defi-
ned if either of the following was reported: Mother continued
smoking as usual during pregnancy, smoked less or quit during
pregnancy. In the children group, maternal smoking was iden-
tified as present if the mother smoked during 1 to 3 or 3 to 6 or
6 to 9 months of the pregnancy. Absence of maternal smoking
during pregnancy was specifically reported.

Confounding variables

We adjusted our analyses for the following smoke exposure varia-
bles: maternal smoking during pregnancy, current smoking, for-
mer smoking and environmental smoke exposure in childhood.
Birth variables were also adjusted for by including maternal age,
birth weight, gestational age and history of breast feeding. We
also adjusted for socioeconomic status (SES) and we defined this
variable according to previous Lifelines associated research using
income and education variables.” Income was defined as net
monthly household income and categorised into five earning bra-
ckets. Education was measured according to The Dutch Standard
Classification of Education (SOI) and was categorised into four
levels. For children we used the highest income and education of
the parents. To avoid missing data in our covariates we recoded
all missing values into an ‘unknown’ category.

Statistical analysis

We conducted analysis using logistic regression where the pri-
mary outcomes were asthma and early childhood asthma and the
predictor variable was grandmaternal smoking during pregnancy.
Maternal grandmaternal smoking and paternal grandmaternal
smoking were analysed separately. We used linear regression to
analyse the association between grandmaternal smoking during
pregnancy and lung function levels (expressed as % of predicted).
Given the time trends of maternal smoking during pregnancy
(low prevalence before 1950, followed by a gradual increase with
the maximum prevalence around 1970) and in early childhood
asthma/asthma (gradual increase in prevalence after the 1960s)
we did not adjust for age since this may lead to over adjustment.
We adjusted for gender, smoking exposure, birth variables and
SES. The analysis was performed separately for children and
adults due to different variable definitions. We also stratified the
analyses by gender and by maternal smoking during pregnancy.
A two-sided p value <0.05 was considered statistically significant.
The analyses were performed using SPSS.?

RESULTS

Of the 122 582 participants, we included 37 291 participants (11
544 children and 25 747 adults) who provided information on
either maternal grandmaternal smoking and/or paternal gran-
dmaternal smoking. (see figure 2) This reduction in data was
due to the necessity of participation of multiple generations to
determine grandmaternal smoking during pregnancy. The full
comparison of the included and not included groups can be seen
in the online supplement of this article (online supplemental table
S1). Those included in the analyses were younger than those not
included. They also had a higher prevalence of asthma particu-
larly early childhood asthma and a lower prevalence of maternal
smoking and childhood exposure to passive smoking compared
with subjects not included in the analyses. Finally, the included
subjects had a lower prevalence of current smoking, a higher
mean birth weight and a higher prevalence of being breast fed
than the not included subjects.

Table 1 outlines the characteristics of the included study popu-
lation. The prevalence of asthma in both children and adult groups
was comparable (11%) while a higher prevalence of early childhood
asthma (<6 years) in the children group was observed (9.3% vs
4.4%). Maternal and paternal grandmaternal smoking during preg-
nancy was more prevalent in the children group while maternal
smoking during pregnancy was more prevalent in the adult group.

In the adult group, maternal grandmaternal smoking was
associated with a higher risk for both asthma and early childhood
asthma (table 2). This higher risk was specifically observed in
male grandchildren (asthma OR (95% CI): 1.38 (1.06 to 1.79)
and early childhood asthma OR (95% CI): 1.49 (1.06 to 2.11)).
When taking maternal smoking during pregnancy into account,
a higher risk for early childhood asthma was present in the adult
offspring of non-smoking mothers (OR (95% CI): 1.51 (1.12 to
2.05)), however, with adjustment this association was no longer
significant probably due to lower sample size. There was no signi-
ficant association between paternal grandmaternal smoking and
any asthma outcomes (online supplemental table S2).

In the children group, a higher risk for asthma or early chil-
dhood asthma was not observed in the total group but instead a
lower risk was seen in male grandchildren who were exposed to
maternal grandmaternal smoking during pregnancy.

In both adults and children, there was no significant associa-
tion between grandmaternal smoking and FEV /FVC % predic-
ted in the grandchildren. In the stratified analyses in the adult
group, maternal grandmaternal smoking was associated with a
lower FEV /FVC % predicted in male grandchildren as well as in
offspring of smoking mothers (table 3). In children, grandmater-
nal smoking was associated with a higher FEV % predicted and
FVC % predicted in male grandchildren and with a higher FVC %
predicted in grandchildren with non-smoking mothers (online
supplemental table S3).

DISCUSSION

In this large population-based study in The Netherlands, the effects
of maternal grandmaternal smoking during pregnancy on risk for
childhood asthma differ between age-groups and therefore, time-
-periods. In the analysed adult group, maternal grandmaternal
smoking during pregnancy was associated with a higher risk for
both asthma and early childhood asthma in grandchildren. This
risk for both asthma outcomes was consistently significant in
grandsons while granddaughters only had a higher risk for early
childhood asthma which attenuated with adjustment. Additionally,
the risk for early childhood asthma was only seen in children of
non-smoking mothers. In contrast, in the separately analysed chil-
dren group, maternal grandmaternal smoking during pregnancy
was associated with a lower risk for both asthma and early chil-
dhood asthma specifically in grandsons. Paternal grandmaternal
smoking during pregnancy was not associated with any risk for
asthma or early childhood asthma. For lung function, we found that
maternal grandmaternal smoking during pregnancy was related to
a lower FEV /FVC % predicted in grandsons and in subjects with
smoking mothers in the adult group. In the children group, grand-
maternal smoking during pregnancy was associated with higher
FEV, % predicted and FVC % predicted in grandsons.

There are two main remarkable outcomes of this research.
The first is the different outcomes observed between the two
different groups, adults and children. The second is the profound
male predominance, where asthma risk and lung function of male
grandchildren are more significantly affected by grandmaternal
smoking during pregnancy than that of female counterparts.
Grandmaternal smoking during pregnancy seemed to exert a
detrimental effect in those grandchildren of older generations
(adult group), born approximately before the 1990s in this study,
as these grandchildren had a higher risk for asthma and early
childhood asthma. These results reinforce the positive association
between grandmaternal smoking and childhood asthma under
the age of 5 to 7 years described in three earlier studies.”'>'* The
study population included by Li et al is age comparable to the
adult group in this study, although, the same cannot be said for
the studied populations of Lodge et al and Magnus et al. However,
the outcomes of these studies deviated from that of ours by focus-
sing mainly on symptoms of asthma and/or use of asthma medi-
cation including sole usage of B agonist inhaler in childhood.
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The selection of the population included in this study. First, participants were excluded based on age. Participants younger than 4 years of age or

older than 50 years of age were excluded. Second, data spanning three generations was required to investigate a possible association between grandmaternal
smoking during pregnancy and asthma in grandchildren. Therefore, participants who could not provide data on both childhood asthma and grandmaternal
smoking were excluded. We investigated maternal grandmaternal smoking as well as paternal grandmaternal smoking and therefore those reporting on either

one or both were included.

On the contrary, grandmaternal smoking during pregnancy
exerted a protective effect in those grandchildren of younger
generations (children group), born in the 1990s and onwards.
This decreased risk for asthma and early childhood asthma,
observed only in grandsons, is a new finding not previously
reported in literature.

The contrasting results between the children and adult group
in this study may be partly explained by the contrasting time
periods associated with these groups, which allow for different
trends in smoking habits and diagnosis of asthma. It can also
be explained by the growing awareness of the adverse effects
of smoking over the years and may have resulted in a healthy
smoking family effect or in other words, lifestyle adaptations
which contributed to an improved outcome for the generations
that followed. This increasing awareness could also have caused
selective reporting and recall bias of smoking during pregnancy.

Male grandchildren (F2) are more strongly affected by
the effects of grandmaternal smoking compared with female
grandchildren. The association between grandmaternal smoking
during pregnancy and asthma in F2 males shown in this study’s
adult population has been reported in studies of nicotine exposure
during pregnancy on airway hyperresponsiveness in rats.6 Human
studies have demonstrated this same predilection for males of the
F1 progeny exposed to maternal smoking,* ** However, until now
this has not been demonstrated in F2 progeny. Gender and sex
hormones are thought to affect lung development, and this can
be seen clinically due to the male predominance of asthma pre-
valence early in childhood. The gender specific effect in response
to grandmaternal smoking during pregnancy may be related to
this male predisposition for unfavourable lung development.*
Conversely, the male specific protective effect of grandmaternal
smoking during pregnancy seen in the children group of this
study may relate to the study from Miller et al, where grandmater-
nal smoking, in the absence of maternal smoking, was associated
with a more favourable birth weight in grandsons.**

The secondary findings in our study differ from results of
previous research. Unlike Li and colleagues, we showed that
early childhood asthma risk associated with grandmaternal
smoking is only significant in those with a non-smoking mother.
Grandmaternal smoking during pregnancy does not only expose
the fetus (F1), but also the gametes that will form the next (F2)
generation. Therefore, our results suggest that if the mother
smokes during pregnancy, the adverse effects on the fetus may
have reached a maximum effect and are not stronger in those
with additional grandmaternal exposure. Further to this, this
study compared early childhood asthma and asthma at any age
and from this can conclude that the higher risk for asthma is not
only confined to the early childhood asthma phenotype but also
applies to risk for asthma in older years.

Paternal smoking habits and exposure prior to conception
has been shown to increase the risk for asthma in offspring.”
Furthermore, paternal in utero smoke exposure (paternal grand-
maternal smoking during pregnancy), has been linked with a
higher risk for early childhood asthma specifically in granddau-
ghters.'* However, in our study paternal grandmaternal smoking
was not associated with asthma in grandchildren. Unfortunately,
we were unable to investigate paternal smoking habits prior to
conception and therefore, this interesting research question
remains open for future study.

Grandmaternal smoking during pregnancy is associated with
alower lung function in grandchildren, specifically a lower FEV /
FVC % predicted. This is exclusively seen in male grandchil-
dren and parallels the higher risk for asthma in this group. The
ALSPAC study is the only study to our knowledge to have pre-
viously addressed this association and reported no significant
associations between grandmaternal smoking and lung func-
tion."

The strengths of this study are that asthma outcomes were
defined as doctor diagnosed or doctor treated asthma. This may
have reduced the inclusion of non-asthmatic wheeze or bronchitis
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Table 1 Descriptive statistics of subjects with information on
gran-maternal smoking during pregnancy (maternal and/or
paternal) stratified by age-group: children (>4 year and <18 year)
and adults (=18 year and <50 year)

N
Age, years
Male gender
Grandmaternal smoking
Maternal
Paternal
Maternal smoking
Asthma
Early childhood asthma

Spirometry performed
FEV, % predicted

FVC % predicted
FEV,/FVC
FEV /FVC % predicted
Active smoking
Never
Ex
Current
ETS in childhood
No
Yes
Unknown
Maternal age, years
Birth weight, g
Gestational age, years
Breast feeding
No
Yes
Unknown
Income
<1000
1000-2000
2000-3000
>3000
other
Education
Low
Intermediate
High
Other/unknown

Children
11544
10.5(3.7)
5638 (48.8)

2501 (24.4
1374 (18.8
1226 (11.5
1214 (11.4
967 (9.3)

7058 (61.1)
95.2(10.4)

(

96.3 (10.0)
(
(

)
)
)
)

0.86 (0.06)
98.2(7.1)

10909 (95.7)
98(0.9)
391(3.4)

7600 (71.0)
2045 (19.1)
1056 (9.9)
29.8 (4.1)
3499.1 (616.0)
39.6 (2.0)

1967 (18.5)
8677 (81.4)
10(0.1)

167 (1.4)
1317 (11.4)
3763 (32.6)
5286 (45.8)
1004 (8.7)

406 (3.5)
5579 (48.4)
5499 (47.7)
54 (0.5)

ETS, environmental tobacco smoke.

Adults
25747
31.0(8.4)
9829 (38.2)

1410 (6.6)
686 (4.8)
4755 (20.8)
2805 (11.0)
1054 (4.4)
17 901 (69.5)
95.2 (11.1)
98.6 (10.6)
0.80 (0.07)
96.0(7.2)

14322 (58.7)
4463 (18.3)
5616 (23.0)

9831 (39.7)
14785 (59.7)
148 (0.6)

26.9 (4.1)
3434.7 (580.9)
39.8(1.8)

6157 (25.0)
17 485 (71.0)
977 (4.0)

4755 (18.5)
5297 (20.6)
6204 (24.1)
6708 (26.1)
2781 (10.8)
1613 (6.3)
14 359 (55.8)
9437 (36.7)
336 (1.3)

P value

<0.001
<0.001

<0.001
<0.001
<0.001
0316

<0.001

<0.001
0.732

<0.001
<0.001
<0.001

<0.001

<0.001

<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

in childhood. First, the questionnaires included numerous ques-
tions about a participants’ respiratory health. The asthma variable
was constructed based on a response to a specific question about
having asthma that was diagnosed by a doctor. Participants were
asked separately about other respiratory conditions including
wheezing, dyspnoea and bronchitis. The opportunity to report on
various other respiratory illnesses alongside the specific reporting
of asthma in these questionnaires should minimise misclassifica-
tion. Second, we acknowledge that viralinduced wheeze may be
confused for asthma in young children. In the attempt to exclude
this group, the sole use of beta-agonist inhalers was not consi-
dered in defining asthma. While these approaches should mini-
mise misclassification, we acknowledge that defining early onset
asthma is difficult in an epidemiological setting.”® Furthermore,
a comparative investigation of the outcomes of both early chil-
dhood asthma and asthma was performed, lung function was
investigated as an outcome represented by objective measure-
ments, and this study adjusted for many confounders including
environmental smoke exposure which is omitted in many pre-
vious studies. The limitations of this study include the retros-
pective means of data collection on smoking during pregnancy
and age of asthma onset which may be subject to recall bias or
selective reporting, which may lead to an overestimation of the
associations. This recall bias and selective reporting is difficult
to avoid and would require long-running, prospective studies to
eliminate this. However, while we can expect some bias when
reporting respiratory symptoms in grandchildren and maternal
smoking we expect that this bias is less evident when repor-
ting respiratory symptoms in grandchildren and grandmaternal
smoking, as this association is less likely recognised between
these generations. Due to the limited availability of three genera-
tion families with complete data on grandmaternal smoking, we
were unable to include the full cohort in our analyses. We ackno-
wledge that including those only with information on grandma-
ternal smoking in our analyses may result in bias. The included
population consisted of a greater number of younger (<18 years)
and non-smoking participants and had a lower prevalence of
maternal smoking during pregnancy and environmental smoke
exposure during childhood and a higher prevalence of asthma
and being breast fed compared with the non-included popula-
tion. The significant differences in lung function, income and
education between the included and non-included groups were
very small. The difference in age between groups was inherent to

Table 2 Maternal grandmaternal smoking during pregnancy and risk for asthma and early childhood asthma in grandchildren. Stratified
by gender and maternal smoking during pregnancy. Adjusted for gender, maternal smoking, current or former smoking, passive
environmental smoke exposure in childhood, maternal age, birth weight, gestational age, breast feeding and socioeconomic status

Children (<18 years) Adults (=18 years)

Asthma Early childhood asthma Asthma Early childhood asthma

OR (95% ClI) Pvalue OR(95% Cl) Pvalue OR(95% Cl) P value OR (95% ClI) P value
Total 1081 cases/8419 controls 860 cases/8419 controls 2309 cases/18 737 controls 874 cases/18 737 controls
Unadjusted 0.92(0.79 to 1.06) 0.233  0.95(0.81t0 1.12) 0.569 1.29(1.10to 1.51) 0.002 1.55(1.23 t0 1.96) <0.001
Adjusted 0.88(0.76 to 1.03) 0.107  0.92(0.78 to 1.09) 0.322 1.18(1.00 to 1.39) 0.051 1.35(1.06 to 1.71) 0.013
Females 478 cases/4381 controls 348 cases/4381 controls 1443 cases/11 623 controls 454 cases/11 623 controls
Unadijusted 1.08 (0.87 to 1.34) 0.464  1.22(0.95t0 1.55) 0.113 1.16 (0.94 to 1.42) 0.167 1.45(1.05 t0 2.01) 0.023
Adjusted 1.07 (0.86 to 1.34) 0.526  1.20(0.94 to 1.54) 0.144 1.06 (0.86 to 1.31) 0.580 1.24(0.89 t0 1.73) 0.198
Males 603 cases/4038 controls 512 cases/4038 controls 866 cases/7114 controls 420 cases/7114 controls
Unadjusted 0.79(0.64 t0 0.97) 0.026  0.79(0.63 t0 0.99) 0.043 1.54(1.19t0 1.99) 0.001 1.73(1.23 t0 2.42) 0.001
Adjusted 0.74(0.59 to 0.92) 0.006  0.74(0.59 to 0.93) 0.011 1.38(1.06 to 1.79) 0.016 1.49 (1.06 t0 2.11) 0.023
Non-smoking mother 906 cases/7384 controls 742 cases/7384 controls 1608 cases/13 451 controls 616 cases/13 451 controls
Unadjusted 0.88(0.74 to 1.04) 0.143  0.96 (0.80to 1.15) 0.657 1.21(0.98 to 1.50) 0.077 1.51(1.12 t0 2.05) 0.007
Adjusted 0.86 (0.72 t0 1.02) 0.088  0.93(0.77t0 1.12) 0.439 1.14(0.92 to0 1.42) 0.228 1.32(0.97 to 1.80) 0.076
Smoking mother 134 cases/950 controls 102 cases/950 controls 450 cases/3319 controls 160 cases/3319 controls
Unadjusted 0.96 (0.66 to 1.39) 0.828  0.94(0.62 to 1.43) 0.760 1.19(0.88 to 1.61) 0.256 1.13(0.69 to 1.85) 0.629
Adjusted 0.86 (0.58 to0 1.26) 0.435  0.84(0.54t0 1.31) 0.448 1.04 (0.77 t0 1.42) 0.795 0.94 (0.57 to 1.56) 0.810
Percentages have been rounded and might not total 100.
*Age at the index date.
BMI, body mass index; IMD, Index of Multiple Deprivation.
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Table 3 Maternal grandmaternal smoking during pregnancy and FEV./FVC % predicted. Stratified by gender and maternal smoking
during pregnancy. Adjusted for gender, maternal smoking, current or former smoking, passive environmental smoke exposure in
childhood, maternal age, birth weight, gestational age, breast feeding and socioeconomic status

Children (<18 years) Adults (=18 years)

Beta-coefficient (95% Cl) P value Beta-coefficient (95% Cl) P value
Total n=6216 n=14752
Unadjusted —-0.32(-0.75t0 0.1) 0.136 -0.3(-0.79100.2) 0.238
Adjusted —0.15 (-0.57 t0 0.28) 0.503 —0.19 (-0.68 to 0.30) 0.445
Females n=3376 n=9163
Unadjusted —0.43 (-0.98 t0 0.12) 0.123 0.20 (-0.39 t0 0.79) 0.510
Adjusted -0.23 (-0.78 10 0.32) 0.412 0.31(-0.29 t0 0.90) 0.311
Males n=2840 n=5589
Unadjusted —0.18 (—0.84 t0 0.49) 0.599 —1.15(=2.02 to —-0.28) 0.010
Adjusted —0.06 (—0.73 to 0.60) 0.852 —-1.04 (-1.91 to —0.16)) 0.020
Non-smoking mother n=5030 n=10 505
Unadjusted —0.29 (-0.78 t0 0.20) 0.243 0.33(-0.31t0 0.98) 0.308
Adjusted —0.25(-0.74 10 0.23) 0.308 0.25(-0.39 t0 0.89) 0.443
Smoking mother n=710 n=2736
Unadjusted 0.09 (-0.99t0 1.18) 0.867 —0.80 (—1.69 t0 0.09) 0.077
Adjusted 0.03(=1.07 to 1.13) 0.960 —-0.91 (-1.81 to —-0.01)) 0.047

the study design as we did not have information on grandmater-
nal smoking in subjects older than 50 years of age. In this study,
a dose-response relationship could not be established since the
amount of grandmaternal smoking during pregnancy was not
available. Grandpaternal smoking prior to pregnancy was also not
reported, therefore, we were unable to study the increased asthma
risk in grandchildren associated with grandpaternal smoking
before age 15 years."! In addition, we could not investigate the
effect of grandmaternal passive smoking during pregnancy as this
data was not available. A final limitation is that we were unable to
investigate third generation offspring (F3). The transgenerational
effect of smoking has also been shown in F3 progeny animal stu-
dies.”” This mechanism of transgenerational inheritance is ano-
ther potential important implication of smoking due to epigenetic
effects that are inheritable across generations. Four-generational
human studies are needed to investigate this which could be fur-
ther strengthened by incorporating epigenetic investigations of
biological matter itself.

CONCLUSION

In this study, we have shown that maternal grandmaternal
smoking during pregnancy exercises a detrimental role in pulmo-
nary health in predominantly male grandchildren of less recent
generations and conversely, a protective role in male grandchil-
dren of more recent generations. This is represented by a higher
asthma risk, paralleled by lower lung function and a lower asthma
risk paralleled by favourable lung function, respectively. No asso-
ciation was found between paternal grandmaternal smoking
during pregnancy and asthma in grandchildren.

It is important to realise that the results of this observatio-
nal cross-sectional study may be subject to bias which can only
be eliminated by means of future prospective studies. Our study
contributes to the growing awareness of adverse intergenerational
effects of smoking® and should stimulate further public health
efforts to reduce smoking in the general population in particular
before or during pregnancy.
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0 efeito a longo prazo da tuberculose pulmonar
sobre o rendimento e 0o emprego em contexto urbano

de baixos rendimentos
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Rylance 2 Ndaziona PK Banda,” Stephen B Gordon, ' Elizabeth L Corbett,® Kevin Mortimer," Stephen

Bertel Squire

RESUMO

Contexto A atenuacao do impacto socio-econdmico da
tuberculose (TB) é fundamental para a Estratégia de erra-
dicacdo da TB da OMS. No entanto, pouco se conhece
sobre o bem-estar sdcio-econdmico depois da conclusao
dos tratamentos para a tuberculose. Neste estudo de
métodos mistos, descrevemos os resultados socioecono-
micos pos-tuberculose na zona urbana de Blantyre, no
Malawi, e exploramos caminhos e barreiras para a recu-
peracdo financeira.

Métodos Adultos =15 anos que completaram com
sucesso 0 tratamento para um primeiro episddio de TB
pulmonar ao abrigo do Programa Nacional de Controlo
da TB foram sequidos prospectivamente durante 12
meses. Foram recolhidos dados socioeconémicos relati-
vamente a rendimentos, profissao, procura por cuidados
de salde e despesa. Os determinantes e impactos das
dificuldades financeiras correntes foram analisados atra-
vés de entrevistas descritivas da doenga com participantes
propositadamente selecionados.

Resultados Foram recrutados 405 participantes entre
fevereiro de 2016 e abril de 2017. A idade média foi de
35 anos (IQR: 28-41), 67,9% (275/405) eram do sexo
masculino e 60,6% (244/405) estavam seropositivos.
0 emprego e os rendimentos eram mais baixos na con-
cluséo do tratamento da tuberculose, com recuperacdo
limitada no ano seguinte: menos pessoas tinham traba-
lho remunerado (63,0% (232/368) vs. 72,4% (293/405),
p=0,006), os rendimentos medianos eram mais baixos
(US$44,13 (IQR: US$0-US$106,15) vs. US$72,20 (IQR:
US$26,71-US$173,29), p<0,001) e mais doentes viviam
em situacdo de pobreza (auferindo <US$1,90/dia: 57,7%
(211/366) vs. 41,6% (166/399), p<0,001) 1 ano apds a
conclusdo do tratamento da tuberculose, comparativamente
ao periodo anterior ao inicio da doenca. Metade dos parti-
cipantes (50,5%, 184/368) reportaram uso das poupancas
de forma continua (recurso a poupanca, venda de ativos,
empréstimo de dinheiro) e 9,5% (35/368) reportaram
interrupgdes escolares no ano apoés a conclusao do trata-
mento da tuberculose. Vinte e um participantes completa-
ram entrevistas exaustivas. Entre os obstaculos reportados
para a recuperacdo econdmica, contam-se a inseguranca
financeira, as dificuldades no restabelecimento de relacées
comerdiais, a morbidez fisica residual e o estigma.
Conclusoes As familias afetadas pela tuberculose perma-
necem economicamente vulnerdveis mesmo apds a con-
clusdo do tratamento, com uma recuperacdo limitada do
rendimento e do emprego, tensdo financeira persistente
que requer uso das poupancas e interrupcdes escolares
continuas. As medicées do impacto econdmico da doenca
da tuberculose deveriam incluir o periodo pds-TB. As inter-
vencdes para proteger a sadde a longo prazo e a subsis-
téncia dos sobreviventes da TB devem ser exploradas.

INTRODUCTION
An estimated 10million incident cases of tuber-
culosis (TB) disease occurred globally in 2018,

What is the key question?

» What is the lasting socioeconomic impact
of tuberculosis (TB) disease on patients
and households: can we assume full eco-
nomic recovery after successful treatment
completion, and what are the pathways
and barriers to this recovery?

What is the bottom line?

» Many TB-affected households experience
a limited recovery in income and employ-
ment in the year after TB-treatment com-
pletion, with ongoing dissaving and school
interruptions. Barriers to economic reco-
very include persistent financial insecurity,
challenges rebuilding business relationships,
residual physical morbidity and stigma.

Why read on?

» The socioeconomic impact of TB disease
persists well beyond TB-treatment com-
pletion. Understanding this process, and
developing strategies to mitigate this, will
be crucial if we are to meet the WHO End
TB Strategy target of eliminating TB-related
catastrophic costs by 2030, and improve the
long-term well-being of TB survivors.

onequarter of which occurred in Africa where
29% of patients are HIV coinfected.! The early
costs associated with TB disease in low-income
settings are well recognised: despite provision of
free TB-treatment services within the public sec-
tor, patients incur direct costs related to health
seeking, indirect costs from lost income, and dis-
saving (the use of savings, borrowing of money,
or sale of household assets) over the course of
illness, diagnosis and treatment.?? These early
costs are widespread, frequently profound and
have been associated with adverse TB-treatment
outcomes including treatment failure, loss to
follow-up or death.* However, surprisingly little
is known about the lasting economic impact of
disease beyond TB-treatment completion, and
facilitators or barriers to economic recovery.
The physical effects of pulmonary-TB (PTB)
are felt long after treatment completion: morta-
lity rates are three to fourfold higher among TB
survivors compared with TB-naive adults,” TB
survivors have a high risk of disease recurrence,’
and the burden of residual post-TB lung disease
(PTLD) is marked.”® Limited data are availa-
ble on long-term psychosocial morbidities, but
reports from TB-affected communities suggest
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these are considerable.”'°It is plausible that the ongoing phy-
sical and psychosocial impact of TB disease is accompanied
by long-term economic harm. Understanding this link will be
key to improving the overall well-being of TB survivors," '? and
essential if we are to meet the WHO End TB Strategy target of
eliminating catastrophic costs for all TB-affected households by
2030."

Malawi is one of the poorest countries in the world,* with
an estimated national TB incidence of 181/100 000 in 2018.” In
this mixed-methods study, nested within a prospective cohort of
adults successfully treated for PTB in urban Blantyre, Malawi,'®
we describe economic morbidity in the year after TB-treatment
completion, and explore its determinants and impacts.

METHODS

Full methods of the parent cohort study have been described
previously.'® In brief, 405 sequential HIV-positive and HIV
negative patients successfully completing treatment for PTB
were recruited between February 2016 and April 2017 in urban
Blantyre, Malawi. Inclusion criteria were age 215 years, and
successful completion of treatment for a first episode of TB
as defined by the National TB Control Programme (NTP). We
excluded patients who had been treated for multidrug resistant
disease. All participants provided written informed consent.

Study visits were conducted within 1month of TB-treatment
completion, and at 6 and 12 months thereafter. Questionnaires
were completed in the local language, Chichewa. We collected
data on demographics, socioeconomic situation (SES), TB and
respiratory symptoms, quality of life, main occupation and
income at each study visit. Patients provided information on
occupation and income prior to TB illness from memory. Data
on ongoing health seeking and associated direct and indirect
costs were collected prospectively. Occupation was described
using categories defined by the Malawi Demographic Health
Survey 2015-2016."7 Income and dissaving questions were
adapted from the STOP TB costing questionnaire.18 Monthly
income was defined as money received by the individual, from
work or other means, and was standardised into US dollars
(online supplemental S1 appendix). Socioeconomic status
was defined at TB-treatment completion using the Malawi
EquityTool 2012.* Information on TB microbiology at diagno-
sis was collected from NTP registers. HIV care is provided in
a separate programme in this setting, and patient-held health
passports were therefore reviewed to ascertain HIV status and
antiretroviral therapy (ART) use, with HIV testing offered to all
those with unknown serostatus who had not had a documen-
ted test within the past 1 month (Serial testing with Determine
1/2; Alere, USA/UniGold; Recombigen HIV, Trinity Biotech,
Ireland). CD4 counts were measured in all HIV-positive par-
ticipants.

Illness narrative interviews were conducted with purposi-
vely selected patients who had completed TB treatment >12
months previously, in order to explore their experiences of TB
illness and recovery.? Recruitment ensured variation in gender,
HIV status and socioeconomic status, and was stopped at the
point of saturation. Interviews were conducted in Chichewa
by a Malawian research assistant in a private location of the
participant’s choice, most frequently their home, using a prede-
signed interview guide structured around the illness trajectory
(life before, during and after TB treatment), which addressed
issues of health, healthcare seeking behaviour and experiences,
socioeconomic well-being, family and community life (online
supplemental S2 appendix). Interviews were audiorecorded,
transcribed into Chichewa, and translated into English. Notes
and observations recorded by the study team were included as
primary data.

All participants were compensated for their time and travel
costs, in keeping with local ethics guidelines. The amount recei-

Tuberculose

ved over the 1-year study period was the equivalent of US$15.30
per participant.

Sample size

The sample size of 400 was predetermined by the parent study,
in order to allow the prevalence of PTLD to be estimated with
+5% precision and 95% confidence.

Data analysis
Quantitative data were analysed using Stata V.15 (StataCorp).
Health economic parameters are presented for each time point
using median (IQR) values. x* test, Fisher’s exact or Wilcoxon
rank-sum tests were used for comparisons between participant
groups, and McNemar’s test used for within-group comparisons
over time. Individuals were classified by occupation into those
with paid work (self-employed, formally employed (in govern-
ment, non-governmental organisations, private sector), farming,
domestic work, informal piece-work), unpaid work (housework,
students) and no work (retired, unemployed). Participants were
considered to be living in poverty if earning <US$1.90/day.*!
Logistic and linear regression models were used to explore
the relationship between PTLD and economic outcomes, con-
trolling for prespecified covariates recorded at TB-treatment
completion (age, gender, HIV status, TB microbiology, educa-
tional level). Qualitative data were analysed thematically using
an inductive framework approach?®: transcripts were discussed,
a coding and thematic framework was developed iteratively,
relationships between codes and themes were identified manu-
ally, and emerging links were cross-checked by discussion with
the study team and triangulation with study team notes.

RESULTS

Patient population

A total of 450 PTB survivors were screened, and 405 met inclu-
sion criteria (figure 1). The 37/405 (9.1%) participants who did
not complete the final study visit had similar characteristics
(age, sex, HIV status, TB microbiology, SES) to those who com-
pleted the study, but lower average CD4 counts at TB-treatment
completion (113cells/uL (IQR: 62-197) vs 244cells/uL (IQR:
137-398), p=0.007)(online supplemental S3 appendix).

The majority of participants (67.9% (275/405)) were male,
77.3% (313/405) had microbiologically proven PTB disease,
and 60.6% (244/403) were HIV-positive. Over half were from
the lowest three urban wealth quintiles (54.3% (202/372)) and
38.0% (154/405) had not attended school beyond primary level.
The 21 participants purposively selected for in-depth interviews
had similar demographic and socioeconomic characteristics to
other study participants, but a longer duration of illness prior to
TB treatment (13.0 vs 8.7 weeks, p<0.001), and less formal edu-
cation (38.1 (8/21) vs 63.3% (243/384) beyond primary school,
p=0.021) (table 1).

Economic morbidity, after TB-treatment completion
Occupation and income
The proportion of participants in paid work fell during TB
disease to a nadir of 54.8% (222/405) at TB-treatment comple-
tion, with 36.5% (148/405) unemployment (National unem-
ployment rates 5.4%-5.7% between 2016 and 2018).23 One
year later, fewer participants were in paid work than prior to
disease (63.0% (232/368) vs 72.4% (293/405), p=0.003), and the
proportion of self-employed business people had not returned
to previous levels (preillness: 32.8% (133/405); TB treatment
end 26.9% (109/405); 1-year post-treatment completion 25.8%
(95/368), p=0.026). Patterns were similar for HIV-positive and
negative participants (figure 2).

A fifth of participants (20.7%, 74/358) moved from paid
or unpaid work prior to TB disease, to no work by lyear after
TB-treatment completion. Half of these individuals lost work
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Figure 1 Participant flow diagram. TB, tuberculosis.

during TB disease and treatment (47.3%, 35/74), and half lost
work in the year after treatment completion (52.7%, 39/74).
Loss of work was more common in the lowest two versus
highest three socioeconomic quintiles (28.6% (30/105) vs 15.9%
(39/245), p=0.004). Among those who were employed prior to
disease, 11.0% (17/154) had become self-employed by the end
of follow-up.

Many participants did not know their total household
income, including 40.7% (53/130) of women. However, indi-
vidual incomes followed a similar pattern to that seen with
work: median income was highest prior to TB illness, falling to
a nadir at TB-treatment completion, with minimal recovery in
the following year (figure 3). Monthly incomes fell by a median
of $11.59 (IQR for income difference: —72.20 to +12.89) from
pre-illness to 1-year post treatment completion, with the gre-
atest loss among those who were originally self-employed (-
US$74.96 (IQR: —231.99 to —7.01)). There was little difference
in the median income loss experienced by the poorest two and
wealthiest three socioeconomic quintiles over this period (-
US$11.78 (IQR: —56.73 to +16.63) vs —US$10.77 (IQR:—77.23
to +11.60), p=0.556).

The proportion of participants living in poverty increa-
sed from 41.6% (166/399) to 57.7% (211/366) over this time
(p<0.001), but the proportion of participants reporting that they
were the highest earner in the household did not change (pre-

Mot recruited |n = 45)
Incorrect referral =7
Failed TB treatment — 8
Died -2
3 Relocated away from Blantyre = 10
Acutely unwell at baseline visit — 2
Mizsed baseline visit = 4
Withdrawal = 10
Unable to contact - 2

Mot assessed (n=25)
Died-7
Relocated - 15
Withdrawal - 2
Unable to contact — 1

Mot assessed (n = 12)
Died -4
Relocated =7
Withdrawal -1

illness: 57.0% (231/405); TB-treatment end 54.6% (221/405);
1-year post treatment completion 60.6% (223/368)).

Healthcare costs

Direct healthcare costs in the year after TB-treatment com-
pletion were limited. Among those contributing any follow-up
data, two-thirds of participants (66.8%,254/380) had >1 outpa-
tient visit, including 264 planned and 173 unscheduled visits,
and 6.3% (24/380) had >1 inpatient admission. The majority of
both outpatient visits (95.0%, 415/437) and admissions (88.9%,
24/27) occurred within the public sector. The majority of plan-
ned visits (87.1%, 230/264) were for appointments at ART cli-
nics.

The median direct cost of an outpatient visit, including both
planned and unscheduled visits, was US$1.05 (IQR: 0.14-2.09),
including expenditure for clinic fees and medications, and tra-
vel, accommodation, food and phone time for patients and
guardians. The median time taken for any outpatient visit was
3 hours (IQR: 2-4), and loss of income was reported for 53.1%
(232/437) of these visits, with average income time loss of 1hour
(IQR: 0-1) only. Guardians attended with study participants
for a minority (8.2%, 36/437) of outpatient visits, and on these
occasions rarely reported income time lost (5.6%, 2/36).

The median duration of the 27 inpatient admissions was
four nights (IQR: 2-19), with median direct costs of US$19.62

Table 1 Participant characteristics for participants included/ not included in nested qualitative work

Participant characteristic

Age (years) (median, IQR)

Male sex (n, %)

Positive TB microbiologyt at diagnosis (n, %)

Self-reported illness duration prior to TB treatment (weeks) (median, IQR)
HIV-infected at TB-treatment completion (n=403)+

ART use at TB-treatment completion (n, %) (n=244)

CD4 if HIV-positive at TB-treatment completion (cells/uL) (median, IQR) (n=242)
Maximum education level >primary school (n, %)

Urban SES quintile (n, %) (n=372) §

» Poorest

P Second poorest

» Middle

P Second most wealthy
» Most wealthy

%2 test for categorical variables, Wilcoxon rank-sum test for continuous variables.
tMicrobiology positive if smear, culture or Xpert MTB/RIF positive.
$HIV status missing for two study participants.

Parent study only (n=384) Parent and qualitative study (n=21) p-value*
34 (28-41) 35(32-41) 0.246
261 (68.0%) 14 (66.7%) 0.901
299 (77.9%) 14 (66.7%) 0.233
8.7 (4.3-13.0) 13.0(13.0-52.2) <0.001
232 (60.7) 12 (57.1) 0.743
215(92.7) 9(75.0) 0.030
229 (127-397) 214 (126-420) 0.941
243 (63.3%) 8(38.1%) 0.021
21(6.0%) 1(4.8%) 0.449
79 (22.5%) 6(28.6%)

87 (24.8%) 8(38.1%)

111 (31.6%) 3(14.3%)

53 (15.1%) 3(14.3%)

§ Urban household wealth quintiles calculated from household characteristic and asset data, using a tool validated by the Malawi Malaria Indicator Survey 2012 (Equity measurement Toolkit; Social Franchising Metrics

Working Group)™
ART, antiretroviral treatment; SES, socioeconomic situation; TB, tuberculosis.
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Figure 2 Self-reported occupation over time (prior to TB disease, at TB-treatment completion and 1-year after TB-treatment completion) stratified by HIV status.
*HIV status available for 403 participants; "Ad hoc work (eg, washing clothes, driving of minibuses, carrying goods for others). TB, tuberculosis.

(IQR 13.30-61.91). Lost income was reported by participants
for under a third of admissions (29.6%, 8/27), and although
participants were accompanied by a guardian for the majority
of these admissions (88.9%, 24/27) only one guardian reported
lost income.

The proportion of participants attending >1 outpatient visit
was similar in the lowest two, and top three socioeconomic
quintiles (66.2% (73/107) vs 66.8% (177/265), p=0.790), and
median per-visit costs were similar between socioeconomic
groups (US$0.84 vs US$1.12, p=0.578). A higher proportion
of participants from the lowest two socioeconomic quintiles
required hospital admission compared with the top three quin-
tiles (10.3% (11/107) vs 4.9% (13/265), p=0.056) but median
per-admission costs were similar between groups (US$19.27 vs
US$19.97, p=0.750).

Impact of economic morbidity, on patients and households
Interruption of a child’s schooling due to the financial impact
of illness was reported by 17.0% (69/405) and 9.5% (35/368)
of TB-affected households in the years prior to and after
TB-treatment completion, respectively. School interruptions
were more common in the lowest two, compared with the
top three, socioeconomic quintiles (32.1% (34/106) vs 17.7%
(45/255), p=0.003).

Over a third of participants (37.0%, 150/405) reported that
TB had had a severe financial impact on their household, gra-
ded >4/5 on a Likert scale, at TB-treatment completion. This
proportion was 16.9% (62/368) lyear later. Self-reported severe
financial impact was more common in the lower socioeconomic
strata (58.5% (62/106) vs 37.4% (96/257), p<0.001).

Almost three-quarters of participants reported dissaving by
the point of TB-treatment completion (73.6%, 298/405), and
half reported dissaving in the following year (50.5%, 186/368),
at values of 54.9% (IQR:24.3%-146.4%) and 53.2% (IQR:19.0%—
125.7%) of the baseline monthly income prior to TB illness
respectively. Over a quarter (26.7%, 27/101) of those with no
dissaving during TB disease and treatment did go on to report
dissaving in the year after treatment completion. Dissaving was
more common in lower SES quintiles, but with lower absolute
and relative values (table 2).

Patterns of dissaving varied by SES group, and over time
(figure 4). All wealth strata used savings during the period of
TB illness and treatment, but only the wealthiest quintiles used
savings during the subsequent year. Borrowing money was the
most common among lower socioeconomic strata, and over half
of those in the lowest quintiles reported borrowing money in the
year after TB-treatment completion. The most common sour-
ces of borrowed money were friends (44.8%, 172/384), family
(26.8%, 103/384) and the black market (10.2%, 39/348)—use
of the latter increased from 10.7% (19/177) in the first year to
17.1% (25/246) in the second year. The sale of assets to cover
costs due to illness during the period of TB illness and treatment
was also more common in poorer groups. The most common
items sold were household items (35.0%, 134/383) and mobile
phones (10.7%, 41/383). Potentially income-generating assets
sold included land (1.3%, 5/383), livestock (3.7%, 14/383) and
means of transport (4.7%, 18/383).

Relationship with TB retreatment

TB retreatment was initiated in 15/405 (3.7%) of participants, of
whom five died, one relocated, and nine completed study follow-
-up. Socioeconomic outcomes were poor among those who sur-
vived and completed follow-up: by lyear after TB-treatment
completion, a higher proportion of those receiving retreatment
had lost work (33.3% (3/9) vs 20.3% (71/349), p=0.342), expe-
rienced dissaving (100% (9/9) vs 79.4% (285/359), p=0.128), or
reported a severe financial impact from TB disease (33.3% (3/9)
vs 16.4% (59/359), p=0.181), compared with those who did not
receive retreatment. However, none of these differences were
statistically significant.

Relationship between physical and economic morbidity

Almost one-third of participants had abnormal spirometry
(30.7%, 103/336) or regular respiratory symptoms (30.7%,
113/368) 1 year after TB-treatment completion. Those with
abnormal spirometry were more likely to have lost work in the
period from TB-illness onset, compared with those with nor-
mal spirometry (OR 1.87,95%CI 1.02 to 3.41). Those with resi-
dual symptoms were more likely to report that TB had had a
severe financial impact on the household, compared with those
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Figure 3  Self-reported income over time (prior to TB disease, at TB-treatment
completion and 1-year after TB-treatment completion) stratified by HIV status
(median, IQR)#.*Income data recorded in Malawian Kwacha with standardisation
into US dollars by exchange rate at midpoint of pre-TB, baseline, and 1-year data
collection intervals (online supplemental ST appendix). #HIV status available for
403 participants. TB, tuberculosis.

without symptoms (2.02, 95%CI 1.10 to 3.68). Those with chest
symptoms limiting their ability to keep up with peers (17.4%,
64/368), interfering with work (12.2%, 45/368) or limiting acti-
vities (4.4%, 16/368) at lyear were significantly more likely to
have experienced both of these outcomes. No significant asso-
ciation was observed between these measures of physical mor-
bidity and the use of dissaving or change in income from pre
illness to 1-year post TB-treatment completion (table 3).

lliness narratives

The persistent socioeconomic impact of TB disease was evi-
dent in the illness narrative data (table 4). The shift to a lower
standard of living after TB disease was raised as a barrier to
ongoing health and well-being. The need for further dissaving
and withdrawal of children from school to release extra funds
were highlighted as areas of concern.

Anxiety around loss of financial security, debt and the chal-
lenge of ongoing dependence on family and friends for support
emerged as strong themes. A gendered response was seen with
a perceived loss of social standing due to this dependence par-
ticularly common and problematic for men.

Reasons for limited recovery of income and work were
explored. Ongoing physical morbidity was noted as a challenge
to patients’ livelihoods, however, participants largely continued
to work despite residual symptoms in order to maintain income.
Stigma was widely experienced and resulted in delayed return to
work, or loss of work for those previously employed, with dis-
crimination from colleagues often rooted in the perception that
TB and HIV disease are linked. Loss of business infrastructure
and the lack of capital to rebuild and reinvest was highlighted.
Participants reported challenges in rebuilding business rela-
tionships which had been lost after a prolonged absence during
the illness period, including those with employers, employees
and customers.

DISCUSSION

In this study, we explore the long-term socioeconomic conse-
quences of TB disease after TB-treatment completion. Our data
show that the substantial financial insult experienced during
TB illness extends to 12 months post-treatment completion.
Economic recovery in the year after TB-treatment was slow
and incomplete, with many patients continuing to experience
income loss and reduced work. Persistent dissaving was widely
observed and suggests increasing financial vulnerability. A
substantial minority of patients experienced ongoing respira-
tory morbidity after treatment completion, and this was signifi-
cantly associated with economic morbidity. Additional barriers
to recovery after TB-treatment completion included ongoing
financial insecurity from initial TB disease, reduced social capi-
tal and TB-related stigma.

Even in settings where TB services are free of charge within
the public sector, the financial impact of TB disease is marked:
a 2014 systematic review of 49 studies found that on average
patients lost the equivalent of 58% (range 5%-306%) of annual
individual income and 39% (range 4%-148%) of annual hou-
sehold income in direct and indirect costs during TB illness and
treatment, with half of all costs incurred prior to treatment initia-
tion.” Those incurring ‘catastrophic’ costs (>20% of annual hou-
sehold income) have been shown to have higher odds of adverse
TB-treatment outcomes (death, treatment failure or recurrence).

Our results support these findings of a major initial TB-related
financial insult: during TB disease and treatment employment
decreased, average patient incomes fell, and three-quarters of the
cohort incurred dissaving. This pattern was seen across socioeco-
nomic and employment groups, and by the end of TB-treatment
the majority of TB survivors were living in poverty.

Table 2 Prevalence and value of dissaving in the years prior to and after TB-treatment completion, stratified by wealth quintiles*

Malawi urban wealth quintile (Q1-Q5)t

Participant characteristic
Prior to TB illness (n=372)

Predisease monthly income (US$)

Q1 (n=56) Wealthiest Q2 (n=114) Q3 (n=95) Q4 (n=85) Q5 (n=22) Poorest  All participants

108.30 (0-270.76) 83.03(39.71-287.73) 63.18(25.27-158.84)  61.37 (25.27-111.91) 41.52(10.83-121.30) 72.20(25.27-173.29)

During TB illness and treatment (n=372)

28/56 (50.0%)

166.9 (94.58-423.50)
89.2% (34.1-266.0)

Proportion incurring any dissaving 83/114 (72.8%)
69.54 (34.77-173.85)

58.2% (24.1-152.3)

75/95 (79.0%)
38.94 (15.30-115.44)
53.9% (20.7-111.2)

68/85 (80.0%)
27.82 (16.69-80.95)
41.6% (23.4-104.6)

20/22 (90.9%)
33.38(13.91-100.39)
44.1% (35.0-173.4)

2741372 (73.7%)
55.63 (20.86-139.08)
54.9% (24.3-146.4)

Value of dissaving, if experienced (US$)+
% of predisease monthly income (median, IQR)
Year after TB-treatment completion (n=360)
Proportion incurring any dissaving 12/55 (21.8%)
Value of dissaving, if experienced (US$)$ 167.6 (59.36-272.35)
% of predisease monthly income (median, IQR)  112.5% (49.0-232.1)

*Values given for those who experienced dissaving, only.

tBaseline SES missing for 33 participants—data included for 372 participants only.
tStandardisation into US$ using exchange rates at midpoints of first and last study visits.
SES, socioeconomic situation; TB, tuberculosis.
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48/107 (44.9%)
69.83 (24.1-152.3)
77.6% (19.0-198.7)

61/92 (66.3%)
39.11(20.95-92.18)
59.3% (24.2-89.3)

50/84 (59.5%)
37.71 (13.97-69.83)
41.9% (13.6-120.7)

13/22 (59.1%)
20.95(11.17-31.42)
29% (15.0-58.0)

184/360 (51.1%)
41.9 (20.95-94.97)
53.2% (19.0-125.7)
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Figure 4 Proportion of participants incurring patterns of dissaving, during TB illness and treatment (n=372), and in the year after TB-treatment completion (n=360),

stratified by urban wealth quintile (Q1-Q5)*.

Q1 —Q5: richest to poorest urban wealth quintiles, calculated at TB treatment completion using the Malawi Equity Tool 2012.

*Wealth quintile data missing for n=33 participants.
TB, tuberculosis.

However, our data also show that this impact is sustained,
even after TB-treatment completion. Although the proportion
of participants working increased in the year after TB-treatment
completion, it did not return to baseline: 1 year after TB treat-
ment, almost one-third of patients were unemployed, with
standardised individual incomes lower than prior to illness.
Self-employed individuals appeared particularly vulnerable,
with large drops in income experienced by both those who
were in work through their disease, as well as those who stopped
working.

Post-TB physical morbidity was associated with limited
recovery: abnormal spirometry, ongoing respiratory symptoms
and chest symptoms limiting activity at 1 year were strongly
associated with loss of work and perceived financial severity of
the TB illness episode in multivariate analyses. Post-TB phy-
sical morbidity is increasingly recognised as a key component
of the overall number of disability-adjusted and quality-adjus-
ted life-years lost in relation to TB disease,* and our findings
suggest that its impact on longterm productivity and financial
vulnerability should also be considered.” Recurrent TB disease
may also be detrimental to this group: socioeconomic outcomes
among those receiving TB retreatment were poor in this study,
but our ability to explore this finding was limited by the low
numbers of retreatment patients identified, and further work is
needed in this area.

In-depth interviews highlighted the loss of business assets
during disease, with limited access to capital to rebuild after
treatment completion as a major barrier to recovery. The chal-
lenge of rebuilding relationships with employers, employees and
clients was emphasised, and attributed to a prolonged period of
absence during TB illness and treatment, as well as loss of social
standing due to impoverishment, disability, and the direct con-

sequences of TB-related and HIV-related stigma. The impact of
TB-related stigma on patients’ emotional well-being has been
documented elsewhere,” but our data suggest that this also has
socioeconomic repercussions.

Rather than promptly recovering, our data suggest that
many TB survivors are at risk of further financial and psycho-
logical decline after TB-treatment completion. Dissaving is a
coping mechanism for catastrophic costs,? and has been widely
observed in TB-affected households during TB illness and tre-
atment.”” However, in this study, dissaving was observed in half
of the cohort in the year after TB-treatment completion, inclu-
ding several households who had resisted dissaving during ini-
tial disease and treatment itself. Concern about dissaving was
widely reported in the qualitative data. These findings suggest
that even after TB-treatment completion, households continue
to deplete their reserves or enter into further debt as they stru-
ggle to cover costs or seek to rebuild their lives and livelihoods.

Of particular concern, both the use of savings and the sale of
assets declined in the post-treatment period, particularly among
low socioeconomic strata, perhaps reflecting depletion of these
resources. Instead, borrowing of money remained widespread
with increasing use of the black market for loans, perhaps reflec-
ting the exhaustion of more ‘benign’ sources of loans such as
friends and family.

Interruption of children’s education continued in 10% of
households in the year after TB-treatment completion, and a
high burden of anxiety related to financial insecurity, lower stan-
dard of living, and school interruptions was observed among TB
survivors. Men voiced concern around loss of social standing,
which is consistent with previous work describing high socie-
tal pressures on men to be effective providers, regardless of the
difficulties of their circumstances.?® Taken together, our quali-
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Table 3 Adjusted ORs for associations between respiratory morbidity at 1-year post treatment completion, and economic outcomes over
the study period, in multivariate analyses controlling for patient characteristics (age, gender, HIV status, TB microbiology, and educational
level) at TB treatment completion

Loss of work (OR, 95%Cl)
Loss of work (OR, Use of dissaving (OR,

Income difference (B-coefficient,  Self reported severe financial

Physical morbidity 95%Cl) 95%(Cl) 95%Cl) impact of TB at 1year (OR, 95%Cl)
Abnormal spirometry at 1 year 1.0 1.0 11.64 (-50.80 to 74.09) 1.0

» No 1.87 (1.02 t0 3.41) 1.31(0.71 t0 2.43) 1.85(0.96 to 3.58)

» Yes p=0.042 p=0.393 p=0.714 p=0.066

Respiratory symptoms at 1 year 1.0 1.0 —6.34 (-63.01 to 50.33) 1.0

» No 1.26 (0.72 to 2.20) 0.79(0.45 t0 1.37) 2.02(1.10 t0 3.68)
P Yes p=0.412 p=0.399 p=0.826 p=0.022

Difficulty keeping up with peers when walking at 1 year 1.0 1.0 7.26 (-62.80 to 77.31) 1.0

» No 2.39(1.27 to 4.49) 0.61(0.32t0 1.18) 2.04 (1.03 to 4.04)
P Yes p=0.007 p=0.145 p=0.839 p=0.041

Chest symptoms interfering with/stopping work at 1 year 1.0 1.0 32.73 (-47.09 to 112.56) 1.0

» No 4.13(2.06 to 8.28) 1.04 (0.45 to 2.39) 4.24(2.08 to 8.66)
P Yes p<0.001 p=0.934 p=0.421 p<0.001

Chest symptoms limiting most/all daily activities at 1 year 1.0 1.0 12.51 (-118/28 to 143.29) 1.0

» No 9.35(3.02 to 28.95) 0.56 (0.17 to 1.85) 11.82 (3.74 10 37.33)
P Yes p<0.001 p=0.340 p=0.851 p<0.001

Income difference: US$ standardised change in monthly income from prior to TB disease, to 1-year post-TB-treatment completion.
Use of dissaving: any use of savings, borrowing of money or selling of assets from the onset of TB disease to 1-year post TB-treatment completion.

Loss of work: no longer working, having been in work (employed or self-employed) prior to TB disease.
TB, tuberculosis.
tative and quantitative data suggest that TB disease may push
patients into an ongoing cycle of poverty, with many patients
become increasingly financially vulnerable after TB-treatment
completion, rather than experiencing financial recovery.

This study was performed at a single site and work from
other resource-limited settings is needed to confirm findings.
In the absence of a control group we cannot exclude the possi-
bility that changes observed were related to general changes in
the economy, although this is unlikely as unemployment within

Malawi was falling over the study period, changes in income
persisted despite time-dependant standardisation into USD,
and findings were consistent across qualitative and quantita-
tive data.” Data on incomes and occupation prior to TB-illness
onset, and healthcare costs between study visits were collected
retrospectively, with some risk of recall bias. Our analyses used
individual rather than household-level income data, perhaps
leading us to underestimate participants’ access to financial
resources. The financial compensation provided for study par-

Table 4 Quotes from in-depth interviews with TB survivors

Theme Quote
Impact of TB-related financial hardship on participants and households

Reduced standard of living ~ 'Since the time | was diagnosed with TB until now, | am staying in a bad looking house, with bad sleeping environment along with bad food" (female participant, 39 yrs
‘As [name of participant] hasn't been able to find work since he completed his treatment, the family had to move up the hill, where housing is cheaper. They also had to
sell most of their furniture. There was only a mat on the floor, a little stool and a couple of mugs for a family of four...Another interesting observation we made relates to
his relocation. Moving to cheaper accommodation on top of the hill means that he leaves the house less, as physical exercise remains a big challenge for him. This in turn
limits his occupational activities and affects his health seeking behavior’ (Research Assistant, relating to male participant, 32 yrs)

Anxiety around debt and ‘I never used to have financial difficulties. Now, my business is just so small with borrowed capital and the creditors keep coming to my house, saying they want their
financial insecurity money. If | fail to pay, there will be bigger interest. | have been in debts ever since | completed the treatment'(female participant, 29 yrs)
‘Now, | am not having anything to eat and sometimes | don't have money to pay for rent. For example, | haven't paid rent yet. In the past, before | became sick, | could
pay rent in advance’ (male participant, 34 yrs)
‘I have been facing financial challenges, lack of food and so on. In 2016, my girl failed to write her form two exams, due to lack of schooling that | couldn't pay for. So, |
have faced so many difficulties from the time that | was diagnosed with TB until now’ (female participant, 39 yrs)
‘| used to sell our house equipment to sustain my family. So, we sold our TV and some small items. Others who could help us were living far from us and they can't just be
helping you every day. Our children stopped going to school, so we had to sell whatever household equipment we had to sustain our living' (male participant, 32 yrs)

‘As of now, | have difficulties to get food, but | do try my level best to hunt for money to buy the food. My family supports me since I've completed treatment. Whenever |
say that | don't have money to pay rental expenses and to buy food, they do send me the money’ (female participant, 27 yrs)

‘While | was sick and during the time when | completed my treatment people were not respecting me, but people were respecting me before | became unwell with TB. |
think this is because | lost my income, and my family helps me. When you have money, people tend to respect you’ (male participant, 34 yrs)

"He feels, once you have money, you have so much power and you can tell your employees what to do. In his case, his employees overtook power while he got sick, which
still affects him" (Research Assistant, relating to a male participant, 34 yrs)

When asked about how the income loss affects life: ‘It has affected me a lot. | just feel depressed and sometimes | wonder if | am the same person’. (male participant, 18 yrs)

Dependence on others

Loss of social standing

Barriers to income recovery

0Ongoing physical morbidity ~ ‘There are so many problems, | am facing these days because everything needs money... | still need to work, so | do some piece work, whether it means that | am still
feeling pain, but | do work in order to get money to help myself.... The most important thing is to get money, so if you don't work then you have to do business in order
to maintain your health and to fulfil your needs’ (male participant, 37 yrs)

Stigma "My boss said that | should wait at home during treatment....My boss accepted my TB diagnosis, but she didn't want me back after | completed’ (female participant, 42 yrs)
' went back to my work, but my boss discriminated against me and he told me that he wouldn't be helping me anymore financially, so | am just staying here at home'
(male participant, 32 yrs)
‘They [colleagues] would be surprised to see my work performance, which was dropping as | could sometimes work well one day and sometimes, | could not work well ...
they were saying that it was AIDS' (male participant, 18 yrs)
‘The wife of the participant told us that she sells food items in front of the house and noted that some people don't want to buy from her, because they know that her
husband is sick’ (Research Assistant, relating to male participant, 32 yrs)

Loss of social and work ‘Our customers really had forgotten us, so | think it will take time for me to grow the business again’ (male participant, 33 yrs)

relationships

Lack of capital for "My life has changed now ...I have little capital ... | don't do hard work now, so my employees help me do business. My business isn't the way it was before, because

reinvestment some of my business centers are closed now, | stopped selling Irish potatoes, | closed my take-away shops and | only have one bench of chips' (male participant, 48 yrs)
‘The TB symptoms affected my business so much, to the extent that it went down up to date and it's not at all growing, though | was cured...My husband cannot even
afford to give me MK 20,000.00 to start up a new business. | went to borrow money from someone on interest, but | haven't paid the person back. The capital you have
determines what kind of business one engages in. So, instead of starting up a business with the little money borrowed, you start buying maize to feed children at home'
(female participant, 39 yrs)

TB, tuberculosis.
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ticipation may have acted as an additional source of income,
cushioning participants from the of living, and school inter-
ruptions was observed among TB survivors. Men voiced con-
cern around loss of social standing, which is consistent with
previous work describing high societal pressures on men to be
effective providers, regardless of the difficulties of their circu-
mstances.”® Taken together, our qualitative and quantitative data
suggest that TB disease may push patients into an ongoing cycle
of poverty, with many patients become increasingly financially
vulnerable after TB-treatment completion, rather than expe-
riencing financial recovery.

This study was performed at a single site and work from
other resource-limited settings is needed to confirm findings.
In the absence of a control group we cannot exclude the possi-
bility that changes observed were related to general changes in
the economy, although this is unlikely as unemployment within
Malawi was falling over the study period, changes in income
persisted despite time-dependant standardisation into USD,
and findings were consistent across qualitative and quantita-
tive data.” Data on incomes and occupation prior to TB-illness
onset, and healthcare costs between study visits were collected
retrospectively, with some risk of recall bias. Our analyses used
individual rather than household-level income data, perhaps
leading us to underestimate participants” access to financial
resources. The financial compensation provided for study par-
ticipation may have acted as an additional source of income,
cushioning participants from the full financial hardship which
may have been experienced under routine conditions.

Strengths of this study include its novel focus on patients’
lives and livelihoods after TB-treatment completion, and use
of mixed methods to understand participant perspectives and
experiences. Qualitative data were collected to saturation, and
the economic tools used were derived from validated sources.
The study was conducted in an unselected population, with
broad inclusion criteria, and minimal loss to follow-up, allowing
broad generalisability.

Our findings have several key implications for TB research,
policy and programmes. We recommend that studies investi-
gating costs associated with TB disease should measure econo-
mic outcomes beyond TB-treatment completion. Recent data
suggest that mortality rates among TB survivors are higher
than that of TB-naive individuals, and the extent to which the
socioeconomic impact of TB disease contributes to this requires
further investigation. Our findings suggest that interventions
to protect livelihoods and prevent dissaving during disease
may be crucial to the long-term well-being of TB-affected hou-
seholds. Microloans and training programmes to assist TB sur-
vivors to rebuild their livelihoods after treatment completion
must be explored. These interventions should be codeveloped
with TB-affected communities, and must be accompanied by
community-level education programmes to address TB-related
stigma. Ultimately, a renewed focus on physical, psychological
and socioeconomic well-being after TB-treatment completion
is needed if we are to improve the long-term outcomes of TB
survivors.

Twitter Elizabeth L Corbett @LizCorbett17
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Iniciativas para reduzir as terapéuticas na bron-
quiolite em servico de urgéncia e cuidados de saude

primarios
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Santiago Mintegi,>* Javier Benito®®

RESUMO

Realizdmos uma iniciativa de melhoria da qualidade para
reduzir terap@uticas desnecessarias na bronquiolite aguda
(BA) em cuidados de saude priméarios (CSP) e em servico
de urgéncia pediatrica (UP) de referéncia. A iniciativa de
melhoria da qualidade envolveu duas temporadas: 2016-
2017 (pré-intervencao) e 2017-2018 (pbs-intervencao).
Distribuimos um protocolo com base em evidéncias, pds-
teres informativos e crachas com o slogan " Bronchiolitis,
less is more" (Bronquiolite, menos é mais). Também reali-
zamos sessdes interativas e os pediatras receberam rela-
térios semanais sobre prescricdo de broncodilatadores. O
principal resultado foi a percentagem de criancas a quem
foi prescrito salbutamol.

Os resultados secundarios foram taxas de prescricdo de
epinefrina, antibidticos e corticosteroides. As medidas de
controlo foram as taxas de visita a UP e hospitalizacéo,
nivel de triagem, duracéo da estadia, admissao em cuida-
dos intensivos e regressos ndo previstos com internamento.
Incluimos 1878 visitas a UP e 1192 visitas aos CSP, das quais
855 (44,5%) e 534 (44,7%) ocorreram no periodo pos-in-
tervencéo, respetivamente. Na UP, as taxas de prescricao de
salbutamol e epinefrina cairam de 13,8% (95% IC 11,8%
a 16%) para 9,1% (95% IC 7,3% a 11,2%) (p<0,01) e de
10,4% (95% IC 8,6% a 12,4%) para 9% (95% 1C 7,2% a
11,1%) (n.s.), respetivamente. Nos CSP, as taxas de pres-
cricdo de salbutamol, corticosteroides e antibi6ticos cairam
de 38,3% (IC 95% 34,6% a 42,0%) para 15,9% (IC 95%
12,9% a 19,5%) (p<0,01), de 12,9% (95% IC 10,5% a
15,7%) para 3,6% (95% IC 2,2% a 5,7%) (p<0,01) e de
29,6% (95% IC 26,2% a 33,2%) para 9,5% (95% IC 7,2%
a 12,5%) (p<0,01), respetivamente. Nao foram observadas
variagdes significativas nas medidas de controlo. Diminuimos
com seguranca a utilizacdo de tratamentos desnecessarios
para BA. A colaboracdo entre os CSP e a UP afigura-se como
um fator importante para o sucesso.

INTRODUCTION

Acute bronchiolitis (AB) is the most common rea-
son worldwide for non-elective hospital admission
in infants <lyear of age.! Although evidencebased
guidelines recommend primarily supportive care,**
many unnecessary treatments remain well docu-
mented, contributing to a care quality problem of
overtreatment.*® In addition, despite the high inci-
dence, increasing morbidity and significant econo-
mic impact of AB, there is still great variability in
clinical practice, both in the diagnosis and mana-
gement of this illness.*

The implementation of evidence-based clinical
practice guidelines (CPGs) has been reported to
result in reductions in diagnostic and therapeutic
resource use and improvements in clinical outco-
mes.”'? Nevertheless, CPG implementation is com-
plex, and there is still a gap between the evidence
available and clinical practice.’’™* Specifically,
despite a lack of supporting evidence, there con-
tinues to be a substantial amount of unnecessary
testing and treatments with potential side effects
and higher costs.”?*

Quality improvement (QI) initiatives imple-
mented in response to overtreatment problems

What is already known on this topic?

» Although evidence-based guidelines for
acute bronchiolitis recommend prima-
rily supportive care, many unnecessary
treatments remain well documented,
contributing to a care quality problem of
overtreatment.

What this study adds?

» As our baseline use is probably com-
parable with current practice in other
emergency department and primary care
settings, our findings have implications
for similar health areas wanting to under-
take projects to improve the management
of acute bronchiolitis.

have been shown to decrease the use of non-evi-
dence-based therapies and testing and also provide
achievable benchmarks of care for clinical qua-
lity indicators, especially in hospital settings.'*""”
Nonetheless, less evidence is available from other
settings, such as primary care (PC), where stan-
dardising treatment also requires a multifaceted
approach, which is still a challenge."”

The objective was to implement and assess a QI
initiative to reduce the overuse of unnecessary treat-
ments in infants with AB in PC settings and the refer-
ral paediatric emergency department (ED).

PATIENTS AND METHODS

Setting

We conducted a QI initiative, evaluating the use
of pharmacotherapies in children diagnosed with
bronchiolitis, in two health districts and the referral
paediatric ED.

Our healthcare system provides comprehensive,
free and universal coverage. The two health districts
involve 20 PC centres with 39 paediatricians who care
for 36412 children, of whom 6371 (17.5%) are infants
under 2 years old. The region where the study was
carried out has two other health districts with 30 PC
centres in which no interventions were performed.

The referral paediatric ED is located in an acute
care teaching tertiary hospital near Bilbao, in the
Basque Country (Spain). This department provides
care to children under 14 years old, with a mean of
60000 emergency visits a year. Around 2% of these
visits are due to AB. There is an observation unit in
the ED, which is a 24-hour unit with 10 beds, staffed
by paediatric emergency physicians.

We executed this QI initiative over two AB sea-
sons: October—March of 2016-2017 (preintervention
period) and October-March of 2017-2018 (postin-
tervention period). All children under 2 years old
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Main Interventions

Interactive sessions: review of the existing evidence on the treatment of AB
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Figure 1 Key driver diagram. This tool displays the primary drivers (centre) or system factors affecting the project outcome listed in the aim (left). The interventions
that were employed to address each primary driver are shown (right). AB, acute bronchiolitis; ED, emergency department; PC, primary care; CGs, clinical guidelines.

with a diagnosis of bronchiolitis, defined as the first presentation
with a viral respiratory tract infection with respiratory distress,> were
included, regardless of whether they had comorbidities (lung or con-
genital heart disease, immunodeficiency, neuromuscular, neurologi-
cal or genetic disease). Exclusion criteria were a previous diagnosis
of bronchiolitis > 1 month before the index episode.

Interventions

We assembled a multidisciplinary team, which consisted of paedia-
tric PC physicians, paediatric emergency physicians, paediatric resi-
dents, paediatric nurses, nurses’ aides and a clinical epidemiologist. A
kickoff meeting was held to review data from previous bronchiolitis
seasons and develop interventions (figure 1). A multifaceted plan
was conducted in order to increase compliance with the CPGs and
reduce unnecessary treatments in PC and the referral ED:

Educational campaign

Several briefings sessions were held, with staff and residents, infor-
ming them about the updates in our management protocol. In addi-
tion, we developed monthly interactive sessions with online data
collection and feedback. The interactive sessions mainly consisted
of reviewing the existing evidence on the treatment of AB and dis-
cussing barriers to applying what is known about this disease.

Informative tools

During epidemic months, informative posters for staff and families
were placed in the common work area and also in the waiting room.
Badges for uniforms with the project slogan ‘Bronchiolitis, less is
more’ were distributed to staff.

Feedback on updated clinical quality indicators to paediatricians
Paediatricians received a weekly report with personal and global data
on the prescription of bronchodilators in PC settings and the ED. In
addition, they received monthly emails comparing their individual
bronchodilator use rates to those of their unidentified peers.
Furthermore, global clinical quality indicators related to AB,
such as rates of admission and unscheduled visits to the ED, were
periodically updated and circulated via email to all paediatricians.

Update alerts in electronic health records

The option for a trial of bronchodilators was removed from the
report templates associated with the diagnosis of bronchiolitis in
the ED. Instead, reminder messages for clinicians were included
about the recommendation on restricting the prescription of sal-
butamol.

Information for families

At the time of discharge, families were given an updated fact sheet
with information on bronchiolitis including techniques of nasal
washing and suctioning and how to recognise signs of distress.

Data collection system

A computerised search tool was used to identify patients with
International Classification of Diseases-9 or 10 codes related to
bronchiolitis for the respective time periods of data collection.
Demographic, clinical and medical prescription data were collec-
ted from the computerised database system of the Basque Health
Service. Informed consent from parents was not considered neces-
sary because the children did not undergo any interventions related
to this study, and data were handled anonymously.

Outcome measures

The primary outcome measure was the rate of infants with AB
receiving salbutamol in the ED and the rate of prescription of sal-
butamol in PC settings.

Secondary outcomes evaluated were the rate of infants with AB
receiving epinephrine, antibiotics and corticosteroids and the use
of X-ray in the ED and the rate of prescription of antibiotics and
corticosteroids in PC settings.

To evaluate the possible unintended consequences of decrea-
sing interventions, we studied several balance outcome measures,
defined as followed:

P Balance measure 1: overall rate of hospital admission.

P Balance measure 2: rate of paediatric intensive care unit

(PICU) admission.

P Balance measure 3: length of stay in the ED.

P> Balance measure 4: rate of unscheduled returns within 72hours.

P> Balance measure 5: rate of unscheduled returns with admission
within 72hours.

In addition, we obtain the rate of salbutamol prescription in PC
settings during the two AB seasons for health areas in which no QI
initiatives were performed.

Statistical analysis

Quantitative data were expressed as means and SD or medians and
IQRs, depending on the distribution of the variables, and categori-
cal variables using frequencies and percentages. Shewhart P charts'®
were used to continuously evaluate outcome measures during the
intervention phase. On each P chart, we plotted the outcome of
interest on the vertical axis versus time on the horizontal axis. Each
data point represents 7 days of data, and data from outside of bron-
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Figure 2 P chart showing decrease in the percentage of infants receiving salbutamol in the emergency department after implementation of the Ql initiative. Ql, quality

improvement.

chiolitis season were not included in the analysis. The control limits
were based on the binomial distribution of proportions, as indica-
ted when an outcome is not rare. The timing of each intervention
is indicated on the charts.

Associations between qualitative variables were assessed using
the x* test. Comparisons between variables with a normal distribu-
tion were made using the Student’s t-test. The level of statistical sig-
nificance chosen was p<0.05. We carried out the statistical analysis
using IBM SPSS Statistics for Windows (V.23).

RESULTS
Population characteristics
During the study period, 1878 episodes of AB were recorded in
the ED (1023 in the preintervention period and 855 in the pos-
tintervention period) and 1192 in PC centres participating in the
initiative (658 and 534, respectively). Among the episodes seen in
the ED, 392 (38.3%) in the preintervention season and 333 (38.9%)
in the postintervention season came from the PC centres in which
the interventions were performed.

Overall, 1636 (87.1%) episodes seen in the ED and 888 (74.5%)
episodes seen in PC settings were under 12 months of age, without
significant differences between the two AB seasons.

Outcome measures

In the ED, there was a fall in the percentage of infants receiving sal-
butamol from 13.8% (95% CI 11.8% to 16%) to 9.1% (95% CI 7.3%
to 11.2%; p=0.01) (figure 2) and epinephrine from 10.4% (95% CI
8.6% to0 12.4%) to 9% (95% CI 7.2% to 11.1%; not significant). The
use of antibiotics did not vary significantly (2.4%; 95%CI 1.6% to
3.5% vs 3.1%; 95%CI 2.1% to 4.5%). The use of corticosteroids was
less than 1% in the ED. The rate of X-ray did not vary significantly
(7.7%; 95%CI 6.2% t0 9.5% vs 7.8%; 95%CI% 6.2 to 9.8%).

In PC settings, the rates of prescription of salbutamol, corti-
costeroids and antibiotics fell from 38.3% (95% CI 34.6 to 42.0%)
to 15.9% (95% CI 12.9% to 19.5%) (p<0.01) figure 3, from 12.9%
(95% CI 10.5% to 15.7%) to 3.6% (95% CI 2.2% to 5.7%) (p<0.01)
and from 29.6% (95% CI 26.2% to 33.2%) to 9.5% (95% CI 7.2%
to 12.5%) (p<0.01) (table 1), respectively. The decrease in the use
of salbutamol occurred in the 20 PC settings where the interven-
tion was performed with great variability in the prescription rates
(online supplementary figure).

Prescription rates of salbutamol in the preintervention and
postintervention periods depending on age and acuity level at ED
triage are shown in an online supplementary table.

A total of 1348 and 1225 episodes were diagnosed with AB
in the PC centres from the two health districts without interven-
tion in the 2016-2017 and 2017-2018 seasons, respectively. The
overall salbutamol rate in these PC settings in the 2017-2018
AB season was significantly higher than those observed in PC
settings from the health areas participating in the interven-
tions (32.4%; 95%CI 29.9% to 35.1% and 15.9%; 95%CI 13.0%
to 19.2%, respectively; p<0.01). The overall prescription rate of
salbutamol in these two areas in the preintervention AB season
was similar than those observed in the intervened areas (33.6%;
95%CI 31.1 to 36.1% and 38.3%; 95%CI 34.6 to 42.0, respecti-
vely; p=0.04).

Balancing measures
In brief, there was no change in the overall rates of hospitalisation,
PICU admission, revisits or readmissions and length of stay in the
ED after the interventions (table 2).

A total of 553 and 622 episodes were diagnosed with asthma in
the ED in children under 2 years old in the 2016-2017 and 2017-
2018 AB seasons, respectively.
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DISCUSSION

Our coordinated, multisite, multidisciplinary QI initiative signifi-
cantly reduced the use of bronchodilators in children seen in PC
settings and the ED for bronchiolitis without unintended conse-
quences, such as hospitalisations, ED revisits, readmission or esca-
lation of care in the PICU. To our knowledge, this is the first QI
project in which researchers simultaneously implement improve-
ment initiatives in PC and the corresponding hospital ED. Given
that our baseline use is probably comparable with the current prac-
tice in other ED and PC settings, our study has implications for
other similar health areas that want to undertake projects for the
improvement in the management of AB.

Previous studies conducted in hospital settings have demons-
trated the usefulness of implementing QI measures at a local level
or with collaboration between different settings to improve the
management of AB." "2 A study conducted by Ralston et al to
assess a collaborative multicentre strategy' found a significant
decrease in the use of bronchodilators and corticosteroids after the
dissemination of the AAP guidelines and education through inte-
ractive webinars. Similarly, multifaceted educational bundles, such
as the one described by Murch et al,* can significantly improve
adherence to guidelines. However, there is little knowledge about
the use of pharmacotherapy and improvement initiatives for the
management of bronchiolitis at the PC level. A study carried out in
our area in 2017 showed a high use of bronchodilators and other
medications in bronchiolitis in PC.” In the same study, the authors
showed that the implementation of a QI intervention was succes-

sful in reducing the use of pharmacotherapy in AB in PC settings.
Nonetheless, they found that more than 30% of infants with AB
continued to be treated with bronchodilators and other medica-
tions. A lack of knowledge of real-time data about the prescription
of medications throughout AB season and the lack of communi-
cation between paediatricians working in PC settings can partially
explain the difficulties of achieving a better result with the initiative
undertaken.

The persistence of this high use of pharmacotherapy in our area
was the main reason for carrying out the present study. Taking into
account the experience accumulated during the previous improve-
ment initiative, we planned a new QI cycle. For this new initiative,
we decided to maintain the same objective, namely, to reduce the
use of medications but incorporate new improvement measures.
As has been observed in other disease processes, showing clini-
cians their performance data compared with peers likely positively
influences their behaviour.??* In our study, the combination of
having regular information on prescription data in the different PC
settings and the ED and seeing individualised data may have effec-
tively influenced clinician management decisions. Furthermore,
initiatives to keep our project goals visible such us the placement
of posters in the ED and PC centres and badges for staff uniforms
with the project slogan ‘Bronchiolitis, less is more’ may have played
arole in reducing the overuse of medication in AB.

Nonetheless, we think it is likely that the factor that has had the
greatest impact on the results of our improvement initiative has been
the collaboration between the ED and PC. It has been shown that

Table 1 Comparison of outcome measures for patients seen in the emergency department and patients seen in the primary care settings

where the intervention was carried out in the preintervention and postintervention acute bronchiolitis seasons

Patients seen in the emergency department, n

Salbutamol received, n (%)
Epinephrine received, n (%)

Patients seen in primary care settings, n
Salbutamol prescribed, n (%)
Antibiotics prescribed, n (%)
Corticosteroids prescribed, n (%)

2016-2017 season

1023

142; 13.8% (95% Cl 11.8% to 16%)
107; 10.4% (95% Cl 8.6% to 12.4%)
658

252; 38.3% (95% Cl 34.6% to 42.0%)
195; 29.6% (95% Cl 26.2% to 33.2%)
85; 12.9% (95% Cl 10.5% to 15.7%)

2017-2018 season P value
855

78;9.1% (95% Cl 7.3% to 11.2%) 0.001
77; 9% (95% Cl 7.2% to 11.1%) 0.36
534

85; 15.9% (95% Cl 12.9% to 19.5%) <0.001
51;9.5% (95% C17.2% to 12.5%) <0.001
19; 3.5% (95% Cl 2.2% t0 5.7%) <0.001
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Table 2 Balance measures for episodes seen in the emergency
department in the preintervention and postintervention acute
bronchiolitis seasons

Total population of episodes

seen in the emergency 2016-2017 2017-2018

department seasonn=1023  season n=3855 P value
Age (months), mean (SD) 6.9 (5) 6.4 (4.5) 0.18
Acuity level -1 n (%) 63 (6.1) 58 (6.7) 0.58
Acuity level -1l n (%) 755 (73.8) 633 (74) 0.90
Mean length of stay (SD) (min) 241.7 (364.4) 223.6(326.1) 0.005
Hospitalisation rate, n (%) 121(11.8) 114 (13.3) 0.32
Intensive care unit admission rate, n (%) 47 (4.6) 43 (5) 0.74
Emergency department revisits, n (%) 155 (15.1) 140 (16.3) 0.43
Revisits with admission, n (%) 33(3.2) 25(2.9) 0.059
Episodes from primary care

settings with intervention seen in 2016-2017 2017-2018

the emergency department season n=392 season n=333 P value
Age (months), mean (SD) 6.8 (4.9) 6,3 (4.5) 0.30
Acuity level -1, n (%) 18(4.7) 22 (6.6) 0.23
Acuity level I-Il, n (%) 281(71.6) 244 (72.8) 0.63
Mean length of stay (min) (SD) 214.3 (340.7) 208 (302.9) 0.49
Hospitalisation rate, n (%) 36 (9.1) 36(10.8) 0.54
Intensive care unit admission rate, n (%)  15(3.8) 12 (3.6) 0.82
Emergency department revisits, n (%) 57 (15) 54 (16,1) 0.82
Revisits with admission, n (%) 12(3,1) 10(2,9) 0.87

Data from the total number of episodes and episodes from the primary care settings in which the
intervention was performed are shown separately.

a lack of consensus between different levels of healthcare increases
variability in clinical practice.?* Since bronchiolitis lasts a minimum
of 1-2 weeks, it is not unusual for patients with this disease to consult
several times in different settings. This can increase the likelihood
that a medication will be finally prescribed in one of these consulta-
tions. We believe that the global agreement on not using medications
has been decisive in the success of our initiative.

Given the seasonal nature of AB, the lack of a control group has
been noted as a limitation in ascertaining whether results obtai-
ned after an intervention are due to the improvement measures
taken between two AB seasons.? For the present study, we obtai-
ned data on the prescription of salbutamol in health districts in
which no interventions were performed and these show high use
of salbutamol, similar to that found in our study prior to the imple-
mentation of the improvement measures. This fact reinforces the
conclusion that the results of our study are likely to be attributable
to the interventions performed. However, our study shows that the
results obtained after the improvement initiative carried out in a
referral hospital do not imply a change in clinical practice in their
geographical area of influence. In fact, despite the low use of salbu-
tamol in the ED, PC settings without the interventions continued
to have a high salbutamol prescription rate. This phenomenon
has previously been described in the literature in relation to other
disease processes. For example, while some studies have shown a
decrease in the use of CT in paediatric head trauma in some North
American hospitals,” another reflects the lack of changes across the
whole country in the same period of time.*

Limitations

Our study has various limitations. First of all, it only included two
PC health districts and differences between these and those of other
healthcare systems could lead to the same interventions having dif-
ferent outcomes elsewhere. Second, since we only obtained data
on drug prescriptions for at-home use and did not investigate the
potential administration of bronchodilators at the time of the PC
visit, we may have underestimated pharmacological treatment
overall. We believe that this potential underestimation would not,
however, affect the primary outcome of these interventions, which
is the decrease in prescription. Third, we did not review patient
health records to assess whether clinicians used the McConnochie
criteria for the diagnosis of AB,” as recommended by the estab-
lished protocol, and hence, differences between professionals in the

diagnostic criteria applied could have led to differences in indivi-
dual prescription rates. Lastly, fewer patients were diagnosed with
bronchiolitis and more with asthma in the postintervention period.
This fact could indicate a change in the diagnostic criteria of pae-
diatricians and explain part of our results. Although some first
wheezing episodes could be diagnosed with asthma, to justify bron-
chodilator treatment, we believe that repeated episodes of whee-
zing diagnosed with bronchiolitis in the preintervention period are
more likely to be diagnosed with asthma in the postintervention
period. It is important to note that one of the interventions carried
out was to update the diagnostic criteria of bronchiolitis.

Future directions
To achieve greater applicability in different healthcare environments,
future improvement projects should include the experience of fami-
lies and professionals with the global process of bronchiolitis.?®
Future research should explore provider attitudes, differences
in acceptability by provider type, unintended consequences and the
effectiveness of the collaboration between different steps of heal-
thcare. Finally, studies in which researchers use implementation
methodology are needed to determine which of our interventions
were most effective in changing provider behaviour for which
patients and through which mechanisms.”

CONCLUSIONS

Our QI intervention significantly reduced the prescription and
overuse of medications in bronchiolitis in our health area without
unintended consequences for patients. Collaboration between PC
and ED appears to be an important factor for success.

Twitter Elizabeth L Corbett @LizCorbett17
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Medidas de satde publica para COVID-19: uma redu-
cao dos internamentos hospitalares por agudizacao

de DPOC

Jing Yuan Tan," Edwin Philip Conceicao,? Liang En Wee,? Xiang Ying Jean Sim,%* Indumathi

\enkatachalam??

RESUMO

As hospitalizacdes por agudizacdo aguda de DPOC (EADPOC)
implicam uma morbilidade e mortalidade significativas. As
infecdes respiratorias virais (IRV) sdo a causa mais comum
de EADPOC e estdo associadas a resultados clinicos inferio-
res. Durante a pandemia de COVID-19, as medidas de satde
pUblica, como o distanciamento social e a utilizacdo de masca-
ras universal, foram originalmente implementadas para reduzir
a transmissao do SARS-CoV-2. Estas medidas de satide publica
também foram subsequentemente observadas para reduzir a
transmissao de outras IRV comuns em circulacdo. Neste estudo,
relatamos uma diminuicdo significativa e sustentada das admis-
soes hospitalares para todas as EADPOC, bem como para as
IRV associadas a EADDPOC, que coincidiu com a introducdo de
medidas de salde publica durante a pandemia da COVID-19.

INTRODUCTION

COPD is the third leading cause of global mortality.'
Preventive measures, including smoking cessation,
pulmonary rehabilitation and vaccinations, are key
strategies to reduce exacerbations and hospitalisa-
tions. Common respiratory viral infections (RVIs)
are common triggers of acute exacerbations of COPD
(AECOPD) and contribute significantly to hospita-
lisations.” Thus reducing viral exacerbations can lead
to improved outcomes in patients with COPD. In
Singapore, various public health measures including
hygiene reinforcement, social distancing and com-
pulsory mask-wearing were implemented during the
COVID-19 pandemic to reduce SARS-CoV-2 trans-
mission. These measures were effective in mitigating
community transmission of SARS-CoV-2 and in addi-
tion, other common circulating RVIs.> We thus sou-
ght to assess if these measures would also potentially
be associated with a reduction in hospitalisations for
AECOPD, in particular exacerbations associated with
common RVIs.

METHODS

Anonymised epidemiological data on AECOPD admis-
sions was obtained from our institution’s electronic data-
base using discharge diagnosis codes. The total number
of AECOPD admissions and the proportion of those
admissions who tested positive for a concomitant RVI
over a 6-month period during the COVID-19 pandemic
(February 2020 to July 2020) were compared against a
2-year prepandemic period (January 2018 to January
2020). In clinical practice, patients presenting with cli-
nical syndromes compatible with a viral exacerbation of
COPD (eg, normal serum procalcitonin) were tested for
common RVIs using a 16-target respiratory virus mul-
tiplex PCR assay (RV-16) on respiratory specimens, at
the primary physician’s discretion. Trends in AECOPD
admissions and the proportion of AECOPD admis-
sions who were tested and had a PCR-positive RVI were
compared in the prepandemic and pandemic periods,
using t-test and ¥ test, respectively. The incidence of
PCRpositive RVI among AECOPD admissions during
the prepandemic and pandemic periods was compared
using the incidence rate ratio method.

RESULTS

The introduction of public health measures during
the COVID-19 pandemic coincided with a significant
decrease in admissions for AECOPD over a sustained
6-month period, as well as a decrease in concomitant

PCR-positive RVI-associated AECOPD admissions
(figure 1). Prepandemic, our hospital saw an average
of 92 (SD 18) AECOPD admissions per month; this
decreased by more than 50% to 36 (SD 6) admissions
per month during the pandemic period (February-July
2020) (p<0.001). During the pandemic, the propor-
tion of AECOPD admissions tested for common RVTs
increased substantially (prepandemic: 60% vs pande-
mic: 98%). Elevated vigilance for respiratory symptoms
during the ongoing pandemic likely drove the increase
in testing. Despite the substantial increase in testing, the
incidence of PCR-positive RVI among AECOPD admis-
sions dropped significantly during the pandemic period.
The incidence rate of PCR-positive RVI was 106 cases
per 1000 AECOPD admissions (23 cases, 216 admis-
sions) during the pandemic, compared with 304 cases
per 1000 AECOPD admissions prepandemic (701 cases,
2300 admissions); the decline was statistically significant
(incidence rate ratio=0.35,95% CI 0.22 to 0.53, p<0.001).

Prepandemic, close to half of AECOPD admis-
sions tested had a PCR-positive RVI (48.8%, 701/1437).
During the pandemic period, only 10.8% (23/212)
of AECOPD admissions had a PCRpositive RVI; the
decline was statistically significant (OR=7.8,95% CI 5.0
to 12.8, p<0.001).

DISCUSSION

According to the 2020 GOLD (Global Initiative for Chronic
Obstructive Lung Disease) guidelines, COPD exacerba-
tions associated with hospitalisations place patients in a
more severe group. Frequent exacerbations lead to increa-
sed mortality, accelerated lung function decline and poor
quality of life. Detection of a respiratory virus in respira-
tory specimens in both stable COPD and in AECOPD has
been shown to be associated with worse clinical outcomes.*®
As not all common RVIs are preventable with vaccines,
simple public health measures to reduce community trans-
mission of RVIs especially among vulnerable individuals
may be important. The impetus for widespread adoption
of public health measures, including social distancing and
universal masking, during a pandemic provided a unique
opportunity to observe the potential impact of such mea-
sures on AECOPD admissions. A significant decline in
AECOPD admissions and incidence of PCR-positive RVI
was observed over a 6-month period during the COVID-
19 pandemic, coinciding with the introduction of these
public health measures. Even after the nationwide lock-
down was lifted from June 2020, our institution observed
zero cases of COPD admissions with concomitant PCR-
positive RVI, an observation unprecedented in the prece-
ding 2 years of surveillance.

Our study’s limitations are as follows. It is possi-
ble that a reduction in admissions could be driven by
a reluctance to present to hospital during the COVID-
19 pandemic. Seasonality may also result in potential
variations in RVT rates; however while seasonality is
prominent in temperate countries, in a tropical country
such as Singapore, seasonality is only observed for spe-
cific viral pathogens like influenza, and even then, does
not follow the annual trend seen in temperate regions.’”
The singlecentre nature of our study may also preclude
generalisability. In addition, only hospitalisations but
not outpatient attendances were included. Nonetheless,
hospitalisation episodes are more significant in the
prognosis of patients with COPD, highlighting the value
of our observation.
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Figure 1 Trend of AECOPD admissions and proportion with PCR-positive RV-16. Line graph depicts the percentage of AECOPD admissions tested for respiratory
viruses.The standard respiratory virus multiplex panel (RV-16) at our institution included: respiratory syncytial virus A/B, influenza A/B, parainfluenza viruses 1-4, metap-
neumovirus, rhinovirus A/B/C, human coronovirus 0C43/229E/NL63, adenovirus, human enterovirus, human bocavirus 1-4.

In conclusion, we report a significant reduction in AECOPD
admissions and RVI-associated AECOPD admissions coinciding with
the widespread adoption of public health measures during a pandemic.
This reduction was sustained even after the reversal of community-
-wide lockdown measures. The complementary role of simple preven-
tive measures such as wearing of face coverings, hand hygiene and
social distancing in reducing AECOPD admissions deserves further
investigation. These public health measures may have an important role
in the postpandemic era, for population health outcomes especially for
patients with COPD.
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RESUMO

0 nosso objetivo foi determinar a prevaléncia e os fato-
res de risco no inicio de vida para limitagdo reversivel e
irreversivel dos débitos ventilatérios em jovens adultos
da populagao em geral. Entre os jovens adultos na faixa
dos 20 anos, a prevaléncia foi de 5,3% para a limitacao
reversivel dos débitos ventilatorios e 2,0% para a limita-
cao irreversivel dos débitos ventilatdrios. Embora a asma
parental fosse o Unico fator de risco para o desenvolvi-
mento da limitacéo reversivel dos débitos ventilatdrios,
os fatores de risco para o desenvolvimento de limitacao
irreversivel dos débitos ventilatdrios foram asma atual,
infeces do trato respiratorio infantil e asma e exposicdo
a poluicdo atmosférica.

It has been shown that impaired lung function in
children and young adults is associated with an
increased risk of chronic obstructive pulmonary
disease (COPD) later in life.!  Recently, airflow
limitation defined as pre-bronchodilator (BD)
forced expiratory volume in 1 s (FEV )/forced
vital capacity (FVC) below the lower limit of
normal (LLN) was observed in 4% of adults
aged 20-29 years who have less than 5 pack-
years tobacco load, and up to 7% in participants
who have 5 pack-years or more tobacco load.?
However, few published studies addressed rever-
sible airflow limitation and irreversible airflow
limitation in young adults. Given this, we aimed
to determine the prevalence and early-life risk
factors for reversible airflow limitation and irre-
versible airflow limitation in young adults from
the general population.

A total of 1932 participants in the popula-
tionbased birth cohort Barn/Children, Allergy,
Milieu, Stockholm, Epidemiology (BAMSE)
performed valid pre-BD and post-BD lung func-
tion measurements at the 24-year follow-up.4 5
Lung function was tested according to American
Thoracic Society (ATS)/European Respiratory
Society (ERS) criteria as previously described.
Post-BD lung function was tested 15 min after
administration of 400ug salbutamol. ‘Normal
lung function’ was defined as pre-BD and post-
BD FEV /FVC >LLN, ‘Reversible airflow limi-
tation’ as pre-BD FEV /FVC <LLNbut post-BD
FEV /FVC=LLN, and ‘Trreversible airflow limi-
tation’ as pre-BD and post-BD FEV /FVC <LLN.
ORs and 95% Cls for risk factors in relation to
reversible airflow limitation or irreversible air-
flow limitation, selected based on previous
literature and availability in BAMSE, were esti-
mated using multivariable logistic regression in
R (V.4.0.2).

The prevalence of reversible airflow limita-
tion was 5.3% (n=103,95%CI 4.3% to 6.3%),and

irreversible airflow limitation 2.0% (n=39, 95%CI
1.4% to 2.6%) at the 24-year follow-up. Forty-
nine per cent reported respiratory symptoms in
those with irreversible airflow limitation compa-
red with 25% in those with normal lung function
(table 1). In addition, participants in the irrever-
sible airflow limitation group also reported more
cough, but not more mucus production, during
winter mornings. Besides, there were reports of
more respiratory symptoms (defined as trou-
blesome breasing, chest tightness or wheezing)
and pneumonia events during the last 12 mon-
ths in the irreversible airflow limitation group.
However, no such differences were observed for
the groups with reversible airflow limitation and
normal lung function. There were lower pre-
-BD FEV, and post-BD FEV, (by design, online
supplemental table E1), higher pre-BD FVC and
post-BD FVC, and higher reversibility (change
in FEV, and change in FEV| % baseline) in the
reversible and irreversible airflow limitation
groups compared with the group with normal
lung function. Fifteen and 2.9% of participants
with irreversible and reversible airflow limitation
had post-BD FEV | lower than LLN, respectively,
compared with 1.5% in the group with normal
lung function (online supplemental table E1).
No substantial difference was observed for other
variables, except higher body mass index (BMI)
was observed in participants with irreversible
airflow limitation (table 1). In logistic regres-
sion models adjusted for age, gender and BMI,
several indicators of early life infections and
respiratory diseases, environmental exposures
and current asthma were risk factors associated
with irreversible airflow limitation (table 2). In
mutually adjusted analyses, respiratory syncy-
tial virus (RSV) infection/pneumonia during
infancy, nitrogen oxide (NO ) exposure during
age 0-1 years, childhood asthma during age 0-4
years and current asthma were independent risk
factors for irreversible airflow limitation (table
3). For reversible airflow limitation, parental
asthma and childhood asthma during age 0-4
and 8-12 years, NO_exposure during age 8-12
years and current asthma were associated factors.
In mutually adjusted analyses, parental asthma
alone was an independent risk factor for rever-
sible airflow limitation.

In summary, we found the overall prevalence
of reversible and irreversible airflow limitation
to be rather high (5.3% and 2.0%, respectively),
considering the young age of the participants.
Individuals with irreversible airflow limitation
more often reported current respiratory symp-
toms and pneumonia compared with those
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Table 1 Characteristics of cohort participants with Irreversible airflow limitation or Reversible airflow limitation and normal lung

function*
P value
Irreversible airflow Reversible airflow  Normal lung function Irreversible airflow limitation  Reversible airflow limitation
limitation (N=39) limitation (N=103) (N=1790) versus normal lung function versus normal lung function

Age, years, mean (SD) 22.4(0.5) 22.4(0.5) 22.4(0.5) 0.7387 0.5593
Sex, female, n (%) 19 (48.7) 58 (56.3) 1042 (58.2) 0.2346 0.7037
BMI, kg/m?, mean (SD) 24.9 (5.9) 23.2(3.0) 23.1(3.8) 0.0060 0.9549
Education, n (%) 0.1506 0.7524

Secondary school 20 (51.3) 62 (60.2) 1118 (62.6)

High school 9(23.1) 23(22.3) 405 (22.7)

University 10 (25.6) 18 (17.5) 264 (14.8)
Active childhood smoking, n (%) 0.2804 0.8711

Never 23 (59.0) 70 (68.0) 1200 (67.2)

Ever 16 (41.0) 33(32.0) 586 (32.8)
Tobacco consumption (pack-years), median (IQR) 1.1 (0.1 to 1.6) 1.0 (0.1t0 2.3) 0.4(0.1t01.7) 0.4504 t 0.3609 t
Respiratory health events

Cough during winter morning, n (%) 9(23.1) 11(10.8) 139(7.9) 0.0006 0.3686

Mucus production during winter morning, n (%) 6 (15.8) 18(17.8) 257 (14.6) 0.8319 0.4999

Respiratory symptoms, n (%) 19 (48.7) 34 (33.0) 451 (25.2) 0.0009 0.0791

Pneumonia in the last 12 months, n (%) 4(10.3) 3(3.0) 44 (2.5) 0.0183% 0.7387%
Sensitisation at age 24 years

Sensitisation to airborne allergens, n (%) 18 (46.2) 36 (35.6) 767 (43.5) 0.7414 0.1207

Sensitisation to food allergens, n (%) 5(12.8) 10(9.9) 153 (8.7) 0.3826% 0.6736
Reversibility test

Change in FEV,, ml, median (IQR) 243 (156 to 360) 273 (192 to 373) 111 (50 to 185) <0.0001t <0.0001t

Change in FEV, % baseline, %, median (IQR) 7.3(4.2t010.2) 7.7(5.1t09.9) 2.8(1.3t04.6) <0.0001t <0.0001t
Blood different cell count, x10°/L

Neutrophils, mean (SD) 3.86(1.5) 3.51(1.37) 3.71(1.4) 0.5358 0.1734

Eosinophils, median (IQR) 0.10(0.1t00.2) 0.10 (0.0 t0 0.2) 0.10(0.0 t0 0.2) 0.0529t 0.7534t

*Details about the definitions of health outcomes and covariates are provided in the online supplemental file.
tBased on Kruskal-Wallis rank sum test.

+Based on Fisher's exact test.

BMI, body mass index; FEV,, forced expiratory volume in 1s.

Table 2 Logistic regression model reversible and irreversible airflow limitation adjusted for age, gender, and body mass index*

Normal lung function Reversible airflow limitation Irreversible airflow limitation
No of individuals/cases OR (95%Cl)  No of individuals/cases OR (95%Cl) No of individuals/cases OR (95%CI)

Parental education, primary school/high school 1787/774 1 (Reference) ~ 102/40 0.85(0.56t0 1.28)  39/17 0.98 (0.51 to 1.86)
Versus university
Maternal smoking during pregnancy 1789/197 1 (Reference)  103/14 1.26(0.70t0 2.27)  39/5 1.13(0.44 t0 2.96)
Parental asthma 1776/342 1 (Reference)  103/36 2.24(1.47t03.42) 39/7 0.9(0.39 t0 2.07)
Preterm birth 1790/95 1 (Reference) ~ 103/5 0.91(0.36t02.28)  39/3 1.42(0.43t04.71)
Parental smoking during childhood 1790/526 1 (Reference) ~ 103/33 1.13(0.74t0 1.73)  39/12 1.02 (0.51 to 2.05)
Active childhood smoking, ever versus never ~ 1786/586 1 (Reference) ~ 103/33 0.97 (0.63t0 1.48)  39/16 1.40 (0.73 10 2.69)
RSV infection/pneumonia during infancy 1745/125 1 (Reference)  99/3 0.40(0.13t0 1.29)  39/9 3.72(1.71t0 8.11)
Pneumonia during age 0-4 years 1772/189 1 (Reference) ~ 100/7 0.62(0.29t0 1.37)  39/9 2.42(1.12105.23)
Childhood asthma during age 0—4 years 17721179 1 (Reference) ~ 100/17 1.81(1.04t03.13)  38/11 3.26 (1.57 t0 7.78)
Childhood asthma during age 4-8 years 1606/99 1 (Reference)  91/10 1.86(0.93t03.70) 35/4 1.73(0.58 10 5.11)
Childhood asthma during age 8-12 years 1589/108 1 (Reference) ~ 93/12 1.98(1.041t03.76) 36/3 1.08 (0.32 to 3.64)
Childhood asthma during age 12—16 years 1560/104 1 (Reference) ~ 94/11 1.84(0.95t03.58)  36/4 1.58 (0.54 to 4.68)
Current asthma 1783/210 1 (Reference) ~ 100/17 2.32(1.431t03.77)  39/11 2.75(1.34 t0 5.66)
NO, concentration higher than the mediant

Age 0-1 years 1767/911 1 (Reference) ~ 103/45 0.72(0.481t0 1.08)  39/28 2.61(1.28t0 5.35)

Age 1-4 years 1640/859 1 (Reference) ~ 88/39 0.72(0.47t0 1.11) 37124 1.74 (0.88 to 3.44)

Age 4-8 years 1488/742 1 (Reference) ~ 81/38 0.88(0.56t0 1.38)  34/21 1.71(0.85 to 3.46)

Age 8-12 years 1637/832 1 (Reference)  90/36 0.64(0.41t00.98) 37/22 1.53(0.78 t0 2.99)

Age 12-16 years 1453/737 1 (Reference) ~ 82/38 0.82(0.53t0 1.29)  33/22 2.19(1.04 t0 4.62)
PM,, concentration higher than the median+

Age 0-1 years 1767/914 1 (Reference)  103/47 0.78(0.52t0 1.17) ~ 39/29 2.96 (14210 6.18)

Age 1-4 years 1640/840 1 (Reference) ~ 88/43 0.89 (0.58t0 1.37)  37/26 2.39(1.16 t0 4.92)

Age 4-8 years 1488/759 1 (Reference) ~ 81/39 0.91(0.58t0 1.42)  34/22 1.79 (0.88 to 3.67)

Age 8-12 years 1637/827 1 (Reference) ~ 90/36 0.65(0.42t0 1.00)  37/22 1.54(0.79 t0 3.02)

Age 12-16 years 1453/742 1 (Reference)  82/36 0.76 (0.481t0 1.19)  33/21 1.85(0.89 to 3.84)

*Details about the definitions of the covariates are provided in the online supplemental file.

1The median NO, concentration for ages 0-1, 1-4, 4-8,8-12 and 12-16 years were 29.16, 24.21,18.31,13.66 and 11.16 pg/m’.
+The median PM, | concentration for ages 0~1, 1-4, 4-8,8-12, and 12-16 years were 14.46, 13.28, 13.33, 13.34 and 12.24 pg/m’.
NO,, nitrogen oxides; PM10, particulate matter with aerodynamic diameter <10 um; RSV, respiratory syncytial virus.
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Table3 Mutually adjusted analyses for reversible and irreversible airflow limitation which included age, gender, body mass index and
other related factors*

Normal lung function Irreversible airflow limitation

No of individuals/cases OR(95%CI)  No of individuals/cases OR (95%Cl)

NOXx concentration during age 0—1 yearst, high versus low 1261/651 1 (Reference) ~ 29/22 3.08(1.11t08.51)
NOx concentration during age 12—16 yearst, high versus low 1261/637 1 (Reference)  29/21 2.12(0.82 to 5.46)
RSV infection/pneumonia during infancy 1261/84 1 (Reference)  29/8 3.59 (1.41 10 9.14)
Childhood asthma during age 0—4 years 12611127 1 (Reference)  29/8 3.36(1.22 t0 9.24)
Childhood asthma during age 4-8 years 1261/78 1 (Reference) ~ 29/2 0.32(0.06 to 1.81)
Childhood asthma during age 8-12 years 1261/82 1 (Reference)  29/1 0.16 (0.02 to 1.43)
Childhood asthma during age 12-16 years 1261/78 1 (Reference)  29/3 1.31(0.32 t0 5.44)
Current asthma 1261/144 1 (Reference)  29/7 3.51(1.22t0 10.15)
Variables Normal lung function Reversible airflow imitation
Parental asthma 1317/253 1 (Reference) ~ 77/28 2.17 (1.31 t0 3.58)
NOx concentration during age 8—12 yearst, high versus low 1317/654 1 (Reference)  77/34 0.82 (0.51t0 1.32)
Childhood asthma during age 04 years 13171137 1 (Reference)  77/14 1.37(0.68 t0 2.75)
Childhood asthma during age 4-8 years 1317/84 1 (Reference)  77/9 0.92 (0.36 to 2.34)
Childhood asthma during age 8—12 years 1317/88 1 (Reference) ~ 77/10 1.22(0.50 to 2.97)

Childhood asthma during age 12—16 years 1317/87 1 (Reference) ~ 77/10 1.21(0.51 to 2.86)

Current asthma 1317/154 1 (Reference)  77/16 1.49(0.72103.11)

Details about the definitions of covariates are provided in the online supplemental file.

TThe median NO, concentration for ages 01, 8-12 and 12-16 years were 29.16, 13.66 and 11.16 ug/m’.

NO,, nitrogen oxides; RSV, respiratory syncytial virus.

with normal lung function. Besides, more severe lung func-
tion impairments were observed in individuals with irrever-
sible airflow limitation. Thus, there was a substantial disease
burden in participants with irreversible airflow limitation.
Results from previous epidemiology studies demonstrate
that abnormal lung development plays an important role in
the development of COPD and a substantial proportion of
subjects diagnosed with COPD after age 50 could be traced
back to a relatively low peak lung function in their 20s.* Our
current findings extend those results by demonstrating that
irreversible airflow limitation is present in young adults. This
was observed despite most of them being nonsmokers, and
ever-smokers having smoked on average less than one pack-
-year. Moreover, although only 28% of the irreversible airflow
limitation subjects were classified as having current asthma,
enhanced airway reversibility was observed, which suggests
that, at this early stage of disease, reversibility is to some extent
present.

In our study, early-life respiratory infections (RSV infection/
pneumonia) and exposure to air pollutants, as well as childhood
asthma, were identified as strong risk factors for irreversible air-
flow limitation. Given that air pollution levels in Stockholm are
comparatively low by international standards, this makes the
current findings alarming in a global context. Early risk factors
may influence lung function development in a negative manner
that will likely track with age,” and in the current study, these
early lung insults were even stronger risk factors for irrever-
sible airflow limitation than smoking exposure in childhood
and active smoking in adolescence. Thus, early-life exposure to
air pollutants emerges as an important risk factor, known to
be associated with not only lung development,® but also with
childhood pneumonia'® and asthma."

In our study, the only identified independent risk factor
for reversible airflow limitation was parental asthma, which
suggests that the reversible airflow limitation phenotype rela-
tes primarily to asthma heredity, rather than to impaired lung
development. Our study has the drawback of a relatively small
irreversible airflow limitation sample size and only around 50%
of the initial 4089 cohort participants provided pre-BD and pos-
t-BD spirometry data at 24 years of age. However, no selection
bias could be identified so far in the BAMSE cohort.*

In conclusion, this study forwards evidence that among
young adults in their 20s, the prevalence was 5.3% for rever-
sible airflow limitation and 2.0% for irreversible airflow limi-
tation. While parental asthma emerges as the only risk factor

for development of reversible airflow limitation, the risk factors
for development of irreversible airflow limitation were current
asthma, childhood respiratory tract infections and asthma, and
exposure to air pollution.
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