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Editorial

Desta sele¢do de artigos das Revistas Thorax e Archives of Disease in Childhood, permito-me iniciar pelos temas pediatricos.

A sibilancia em idade pré-escolar mantém-se um tema de debate. E uma situagdo que, embora transitéria, tem impacto significativo
nas criangas e nas Familias. E progndstica para morbilidade em idade adulta jovem e para valores mais baixos de fungdo pulmonar.
Do ponto de vista clinico, os marcadores prognosticos sdo frégeis e as terapéuticas ambiguas. No entanto, a sibilancia do pré-escolar
é responsavel por 1/3 dos custos com asma em idade pedidtrica e apenas 30% das familias adere a terapéutica com corticosteréides
inalados. Mohammed Abdul Wajid L, et al. nos Arch Dis Child 2025 publicaram um estudo percepcional para avaliar as opinides
dos pais relativamente as orienta¢des de acompanhamento destas criangas. No final, os Pais preferem uma abordagem consistente
e estruturada nos varios niveis de cuidados e guiada por exames...

O artigo seguinte, um estudo do grupo PERN (Pediatric Emergency Research Networks) sublinha inconsisténcias relacionadas com
a utilizacdo de intimeras escalas com utilizagdo de indicadores diferentes na avaliagdo de crise aguda de asma na crianga. Numa
doenca cronica frequente em idade pediatrica, as escalas de avaliagdo em urgéncia, ainda que incluidas em guidelines, falham na
valida¢io...

Mas o artigo cuja figura é capa deste nimero é “Casa hiimida e com bolor: impacto na satide pulmonar durante a infancia”. Subli-
nha-se a responsabilidade que as mds condi¢des habitacionais tém na satide respiratéria da crianca e que o médico deve ter uma
intervencdo. Este artigo decorre das conclusoes e Resultados do Médico Legista no caso da morte do menino de 2 anos, Awaab
Ishak.

Um estudo retrospetivo Coreano descreve a relevancia de atingir precocemente o controlo de asma, definido como remissao clinica
baseada em indicadores especificos, com impacto na redug¢do das agudizagdes e na melhoria da fun¢io pulmonar.

Ainda no adulto destaca-se vai para um estudo efetuado no Canada que incluiu quase 500.000 doentes e que descreve como a asso-
ciacdo entre doenga pulmonar obstrutiva crénica (DPOC) e doenga cardiovascular, reduz a probabilidade de praticas terapéuticas
adequadas que resultam em desfechos menos favoraveis do ponto de vista cardiovascular (CV), pelo que os autores recomendam
que a DPOC seja adicionada a diabetes e a doenca renal crénica na lista de doengas que aumentam a probabilidade de um evento
CV adverso.

Outro destaque é para o estudo de base populacional que decorreu na Suécia e que determinou a associagio positiva entre asma
e diabetes tipo 2, mesmo depois de corregio para os fatores de risco do costume, apresentados num diagrama muito elegante na
pagina 234.

Trés artigos completam este niamero: os resultados do estudo DISCOVERY sobre o impacto da LTOT nos doentes pulmonares
croénicos, a redugdo dos internamentos por asma no adulto, na Finlandia e na Suécia e o Efeito da hora do dia e da variagdo sazonal
na resposta ao broncodilatador: o estudo SPIRO-TIMETRY...

Desejamos boas leituras para o Verdo, antes, durante ou depois de férias!

Teresa Bandeira
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RILTRAVA

AEROSPHERE®

(fumarato de formoterol, glicopirrénio,
budesonida) Aerossol para inalacao

PROTEJA

O SEU DOENTE

EM TODAS AS FASES
DA DPOC'?

TRAVA
antes que
seja tarde

1 em cada 5 doentes

morre no periodo de 1 ano*
apos a primeira exacerbacdo com
necessidade de hospitaliza¢do.®
N&o perca mais tempo.

*apos alta hospitalar

BEVESPI
AEROSPHERE®

(glicopirrénio/fumarato de formoterol)
Suspensao Pressurizada para Inalagao

DPOC, doenca pulmonar obstrutiva crénica

Referéncias: 1. Riltrava Aerosphere 5 microgramas/7,2 microgramas/160 microgramas, suspensao pressurizada para inalacdo [Resumo das Caracteristicas do Medicamento]. AstraZeneca AB, SE-151
85 Sodertalje Suécia; outubro 2023. Acedido em www.infarmed.pt em novembro 2023. 2. Bevespi Aerosphere 5 microgramas/7,2 microgramas, suspensao pressurizada para inalacdo [Resumo das
Caracteristicas do Medicamento]. Astrazeneca AB, SE-15185 Sddertalje Suécia; setembro 2023. Acedido em www.infarmed.pt em novembro 2023, 3. Ho TW, Tsai YJ, Ruan SY, Huang CT, Lai F, Yu CJ.
In-Hospital and One-Year Mortality and Their Predictors in Patients Hospitalized for First-Ever Chronic Obstructive Pulmonary Disease Exacerbations: A Nationwide Population-Based Study. Bai C,
editor. PLoS ONE. 2014 Dec 9;9(12):e114866.

Informacdes essenciais compativeis com o Resumo das Caracteristicas do Medicamento

Bevespi Aerosphere 7,2 microgramas/5 microgramas, suspensao pressurizada para inalagao. Cada dose tnica (dose libertada, a dose que sai do aplicador bucal) contém 9 microgramas de
brometo de glicopirrénio, equivalente a 7,2 microgramas de glicopirrénio, e 5 microgramas de fumarato de formoterol di-hidratado. Isto corresponde a uma dose calibrada (isto €, a dose que
sai da valvula) de 10,4 microgramas de brometo de glicopirronio, equivalente a 8,3 microgramas de glicopirrnio, e 5,8 microgramas de fumarato de formoterol di-hidratado. Indicagdes
terap@uticas: Bevespi Aerosphere € indicado como tratamento broncodilatador de manutengao para o alivio de sintomas em doentes adultos com doen?a pulmonar obstrutiva cronica (DPOC).
Posologia e modo de administragao: Posologia: A dose recomendada é duas inalagbes duas vezes por dia (duas inalagdes de manha e duas inalagoes a noite). Os doentes devem ser
aconselhados a ndo fazer mais de 2 inalagdes duas vezes por dia. Se for omitida uma dose, esta deve ser tomada assim que for possivel e a dose seguinte deve ser tomada no horério habitual.
Nao deve tomar-se uma dose a dobrar para compensar uma dose esquecida. Populacoes especiais: /dosos: Nao é necessario qualquer ajuste de dose em doentes idosos. Compromisso renal:
Bevespi Aerosphere pode ser utilizado na dose recomendada em doentes com compromisso renal ligeiro a moderado. Em doentes com compromisso renal grave ou com doenca renal em fase
terminal com necessidade de dialise, s6 deve ser utilizado se o beneficio esperado for superior ao risco potencial. Compromisso hepatico: Bevespi Aerosphere pode ser utilizado na dose
recomendada em doentes com compromisso hepatico ligeiro a moderado. Nao existem dados relevantes sobre a utilizagdo de Bevespi Aerosphere em doentes com compromisso hepatico grave
e 0 medicamento deve ser utilizado com precaucao nestes doentes. Populagdo pedidtrica: Nao existe utilizagao relevante de Bevespi Aerosphere em criancas e adolescentes (com idade inferior
a 18 anos) para a indicagao de DPOC. Modo de administracdo: Utilizagao por via inalatoria. /nstrugdes de utilizagdo: Ao acionar Bevespi Aerosphere, um volume de suspensao é expelido do
recipiente pressurizado a alta velocidade. Quando o doente inala através do aplicador bucal a0 mesmo tempo que aciona o inalador, a substancia segue o ar inspirado para as vias respiratorias.
Os doentes devem ser instruidos sobre a técnica de inalacdo correta. E importante instruir o doente para: Ler com atencdo as instrugdes de utilizacdo no folheto informativo, que se encontra
dentro da embalagem de cada inalador. Nao utilizar o inalador se 0 agente exsicante, contido na bolsa de aluminio, tiver vazado da sua embalagem. Preparar o inalador agitando-o e acionando-o
quatro vezes para o ar antes da primeira utilizagao ou duas vezes quando o inalador ndo tenha sido utilizado hé mais de sete dias, tenha sido exposto a temperaturas baixas ou tenha caido. Para
obter uma deposi¢do pulmonar adequada das substancias ativas, o carregamento da dose tem de ser coordenado com a malagao Doentes com dificuldade em coordenar o carregamento da
dose com a inspiragdo podem utilizar Bevespi Aerosphere com uma camara expansora para garantir a administragao adequada do produto. Foi demonstrada compatibilidade com a camara
expansora Aerochamber Plus Flow-Vu. Contraindicagdes: Hipersensibilidade as substancias ativas ou a qualquer um dos excipientes. Adverténcias e precaucgoes especiais de utilizagao: Nao
indicado para utilizacao em situacoes agudas. Bevespi Aerosphere nao ¢ indicado para o tratamento de episodios agudos de broncospasmo, isto é, como terapéutica de alivio. Asma: Bevespi
Aerosphere ndo deve ser utilizado no tratamento da asma. Broncospasmo paradoxal: Tal como com outra terapéutica inalatoria, a administragdo deste medicamento pode resultar em
broncospasmo paradoxal, o qual pode colocar a vida em risco. Se ocorrer broncospasmo paradoxal, o tratamento com o medicamento deve ser interrompido e devem ser considerados outros
tratamentos. Efeitos cardiovasculares: Podem ser observados efeitos cardiovasculares, apos a administragao de antagonistas dos recetores muscarinicos e simpaticomiméticos, incluindo
glicopirronio ou formoterol. Bevespi Aerosphere deve ser utilizado com precaugao em doentes com doencas cardiovasculares graves, tais como cardiopatia isquémica, taquiarritmias ou
insuficiéncia cardiaca grave. Recomenda-se também precaugdo em doentes com tirotoxicose ou com prolongamento do intervalo QTc conhecido ou suspeito. Hipocaliemia: Os agonistas B
,-adrenérgicos podem causar hipocaliemia significativa, 0 que pode aumentar a suscetibilidade para arritmias cardiacas. A diminuicdo do potassio sérico é normalmente transitoria, nao
fecessitando de suplementagdo. Em doentes com DPOC grave, a hipocaliemia pode ser potenciada por hipoxia e tratamento concomitante. Hiperglicemia: A inalagéo de doses elevadas de
agonistas [3,-adrenérgicos pode provocar o aumento da glucose plasmatica. Atividade anticolinérgica: Devido a sua atividade anticolinérgica, Bevespi Aerosphere deve ser utilizado com
precaucao em doentes com hiperplasia da préstata sintomatica, retencao urindria ou glaucoma de angulo fechado. Doentes com compromisso renal grave: Como o glicopirrénio é excretado
predominantemente por via renal, os doentes com compromisso renal grave (depuracao de creatinina <30 ml/min), incluindo aqueles com doenca renal em fase terminal com necessidade de
didlise, apenas devem ser tratados com Bevespi Aerosphere se 0 beneficio esperado superar o risco potencial. Doentes com compromisso hepético grave: Em doentes com compromisso
hepético grave, Bevespi Aerosphere so deve ser utilizado se o beneficio esperado superar o risco potencial. Estes doentes devem ser monitorizados para potenciais reacoes adversas. Interacdes
medicamentosas e outras formas de interacao: Interacdes farmacocinéticas: O potencial para interagdes metabdlicas é considerado baixo. Como o glicopirronio € eliminado principalmente
por via renal, podem ocorrer potencialmente interagies com medicamentos que afetam os mecanismos de excrecao renal. Interacdes farmacodinamicas: Outros antimuscarinicos e
S/mpat/com/met/cos A coadministragdo de Bevespi Aerosphere com outros medicamentos contendo anticolinérgicos e/ou agonistas B,-adrenérgicos de longa duragao de agao ndo foi estudada
e nao é recomendada uma vez que poderd potenciar as reagdes adversas conhecidas dos antagonistas muscarinicos ou dos agomstas B,-adrenergicos inalados. Nao existe evidéncia clinica de
interagOes quando utilizado concomitantemente com outros medicamentos paraa DPOG, incluindo broncodilatadores 3,-adrengrgicos de curta duragdo de acdo, metilxantinas e esteroides orais
e inalados. Hipocaliemia induzida por farmacos: O tratamento concomitante com derivados da metilxantina, esteroides ol diuréticos ndo poupadores de potassio pode potenciar o possivel efeito
hipocaliemico inicial dos agonistas B,-adrenérgicos, pelo que se recomenda precaucdo na sua utlllza%ao concomitante. Bloqueadores B-adrenérgicos: Os bloqueadores [3-adrenérgicos
(incluindo colirios) podem atenuar ou inibir o efeito dos agonistas 3,-adrenérgicos, tal como o formoterol. O uso simultaneo de bloqueadores -adrenérgicos nao seletivos ou seletivos deve ser
evitado, a nao ser que existam razoes determinantes para a sud utilizagao. Se forem necessarios bloqueadores B-adrenérgicos (incluindo colirios), dé-se preferéncia a bloqueadores
B- adrenerglcos cardiosseletivos, embora também estes devam ser administrados com precaucdo. Outras interagdes farmacodindmicas: Bevespi Aerosphere deve ser administrado com
precaucdo em doentes que estejam a ser tratados com medicamentos conhecidos por prolongar o intervalo QTc. Fertilidade, gravidez e aleitamento: Gravidez: Nao existem dados sobre a
utilizacao de Bevespi Aerosphere em mulheres gravidas. Bevespi Aerosphere s6 deve ser utilizado durante a gravidez se 0s beneficios esperados superarem 0s potenciais riscos. Amamentacao:




NZo é conhecido se o glicopirrénio ou o formoterol s3o excretados no leite humano. A administragdo de Bevespi Aerosphere a mulheres que estdo a amamentar s6 deve ser considerada se o
beneficio esperado para a mae for superior a qualquer possivel risco para o bebé. Fertilidade: Considera-se pouco provavel que Bevespi Aerosphere, administrado na dose recomendada, afete
a fertilidade no ser humano. Efeitos indesejaveis: Frequentes: Ansiedade, Cefaleia, Tonturas, Boca seca, Nauseas, Espasmos musculares, Infecdo do trato urindrio, Dor toracica. Pouco
frequentes: Reagdes de hipersensibilidade, incluindo erupgao cutanea e prurido, Hiperglicemia, Agitagao, Irrequietude, Insonia, Tremor, Taquicardia, Palpitagdes, Arritmias cardiacas (fibrilhagao
auricular, taquicardia supraventricular e extra-sistoles), Retencdo urindria. Pede-se aos profissionais de salde que notifiquem quaisquer suspeitas de reagdes adversas através do Sitio da
internet: http:/www.infarmed.pt/web/infarmed/submissaoram (preferencialmente) ou através dos seguintes contactos: Direcdo de Gestdo do Risco de Medicamentos: (Tel.: +351217987373;
Linha do Medicamento: 800222444 (gratuita), E-mail: farmacovigilancia@infarmed.pt). Titular da Autorizacao de Introdugio no Mercado: AstraZeneca AB, SE-151 85 Sddertdlje, Suécia.
Representante local do Titular da Autorizagao de Introdugao no Mercado: Tecnimede - Sociedade Técnico-Medicinal, S.A., Rua da Tapada Grande, n.” 2, Abrunheira, 2710-089 Sintra.
Informac@es revistas em outubro 2023. Para mais informagdes devera contactar o representante local do Titular da Autorizagao de Introdugéo no Mercado. Medicamento sujeito a receita
médica. Medicamento comparticipado pelo Escaldo B (69% de comparticipacado no regime geral e 84% de comparticipacao no regime especial). Versao 2.0 (outubro 2023).

Informagdes essenciais compativeis com o Resumo das Caracteristicas do Medicamento

Riltrava Aerosphere 5 microgramas/7,2 microgramas/160 microgramas, suspensao pressurizada para inalagao. Cada dose Unica (dose libertada que sai do aplicador bucal) contém 5 g de fumarato
de formoterol di-hidratado, 9 pig de brometo de glicopirronio, equivalente a 7,2 pg de glicopirrnio e 160 pg de budesonida. Isto corresponde a uma dose calibrada de 5,3 pg de fumarato de formoterol
di-hidratado, 9,6 g de brometo de glicopirrénio, equivalente a 7,7 pg de glicopirronio e 170 pg de budesonida. Indicagdes terapéuticas: Riltrava Aerosphere é indicado como tratamento de manutencéo
em doentes adultos com DPOC moderada a grave, que ndo estdo adequadamente tratados com uma associagdo de um corticosteroide inalado e um agonista beta2 de longa duragao de agéo ou uma
associagdo de um agonista beta2 de longa duragdo de agéo e um antagonista muscarinico de longa duragéo de ag&o. Posologia e modo de administragao: Posologia: A dose recomendada e méaxima ¢ de
2 inalagOes 2x/dia (2 inalagbes de manha e 2 inalagdes a noite). Se for omitida uma dose, esta deve ser tomada assim que for possivel e a dose seguinte deve ser tomada no hordrio habitual. Nao se deve
tomar uma dose a dobrar para compensar uma dose esquecida. Populacdes especiais: /dosos: Nao é necessario qualquer ajuste de dose em doentes idosos. Compromisso renal: Este medicamento pode
ser utilizado na dose recomendada em doentes com compromisso renal ligeiro a moderado. Pode também ser utilizado na dose recomendada em doentes com compromisso renal grave ou com doenca
renal em fase terminal com necessidade de diélise, apenas se o beneficio esperado for superior ao risco potencial. Compromisso hepatico: Este medicamento pode ser utilizado na dose recomendada em
doentes com compromisso hepético ligeiro a moderado. Pode também ser utilizado na dose recomendada em doentes com compromisso hepético grave, 0 medicamento deve ser utilizado apenas se o
beneficio esperado for superior ao risco potencial. Populacéo pediatrica: Nao existe utilizacdo relevante deste medicamento em criangas e adolescentes (com idade inferior a 18 anos) para a indicagéo da
DPOC. Modo de administracgo: Para utilizag&o por via inalatoria. /nstrugdes de utilizagao: De forma a assegurar uma administragéo correta do medicamento, 0 médico ou outro profissional de satide deve
demonstrar ao doente como utilizar corretamente o inalador, e deve monitorizar regularmente a técnica de inalagéo do doente. O doente deve ser aconselhado a ler com atencao o Folheto Informativo e seguir
as instrugdes de utilizacéo conforme indicado no mesmo. Ao acionar Riltrava Aerosphere, um volume de suspenséo é expelido do recipiente pressurizado. Quando o doente inala através do aplicador bucal
a0 mesmo tempo que aciona o inalador, a substancia segue o ar inspirado para as vias respiratorias. Os doentes que tém dificuldade em coordenar o acionamento com a inalagdo podem utilizar Riltrava
Aerosphere com uma cdmara expansora para garantir a administracao adequada do medicamento. Pode ser utilizado com camaras expansoras incluindo o Aerochamber Plus FlowVu. Contraindicagdes:
Hipersensibilidade as substéncias ativas ou a qualquer um dos excipientes. Adverténcias e precaugdes especiais de utilizagao: Ndo indicado para utilizacdo em situacdes agudas. Este medicamento nao
¢ indicado para o tratamento de episodios agudos de broncospasmo, isto €, como terapéutica de alivio. Broncospasmo paradoxal: A administracdo de formoterol/glicopirrénio/budesonida pode produzir
broncospasmo paradoxal com sibilos e dispneia imediatamente apds a administracéo e pode ser potencialmente fatal. O tratamento com este medicamento deve ser imediatamente interrompido se ocorrer
broncospasmo paradoxal. O doente deve ser avaliado e instituido tratamento alternativo, se necessario. Deterioracdo da doenca: Recomenda-se que o tratamento com este medicamento ndo seja
interrompido abruptamente. Se os doentes ndo considerarem o tratamento eficaz, devem manter o tratamento, mas tem de se procurar aconselhamento médico. 0 aumento da utilizagdo de
broncodilatadores de alivio indica um agravamento do quadro clinico subjacente e justifica uma reavaliacao da terapéutica. A deterioragdo rapida e progressiva nos sintomas da DPOC € potencialmente fatal
e 0 doente deve ser submetido a avaliacao médica urgente. Efeitos cardiovasculares: Podem ser observados efeitos cardiovasculares, tais como arritmias cardiacas, p.ex. fibrilhacéo auricular e taquicardia,
apos a administracdo de antagonistas dos recetores muscarinicos e simpaticomiméticos, incluindo glicopirrénio e formoterol. Este medicamento deve ser utilizado com precaugdo em doentes com doenca
cardiovascular grave ndo controlada e clinicamente significativa, tal como cardiopatia isquémica instavel, enfarte agudo do miocardio, cardiomiopatia, arritmias cardiacas, e insuficiéncia cardiaca grave.
Recomenda-se também precaugdo ao tratar doentes com prolongamento do intervalo QTc (QTc> 450 milissegundos para homens ou > 470 milissegundos para mulheres), conhecido ou suspeito, quer seja
congeénito ou induzido por medicamentos. Efeitos sistémicos com corticosteroides: Podem ocorrer efeitos sistémicos com qualquer corticosteroide inalado, particularmente em doses elevadas prescritas por
longos periodos de tempo. Estes efeitos sdo muito menos provaveis de ocorrer com o tratamento por inalagéo do que com corticosteroides orais. Os efeitos sistémicos possiveis incluem sindrome de Cushing,
manifestagdes Cushingoides, supressdo suprarrenal, diminuico da densidade mineral 0ssea, cataratas e glaucoma. Devem ser considerados efeitos potenciais na densidade dssea especialmente com a
administragdo de doses elevadas durante longo periodo de tempo em doentes com fatores de risco coexistentes para osteoporose. Perturbagdes visuais: Podem ser notificadas perturbagdes visuais com a
utilizagdo sistémica e topica de corticosteroides. Se um doente apresentar sintomas tais como viséo turva ou outras perturbacdes visuais, o doente deve ser encaminhado para um oftalmologista para
avaliacao de possiveis causas que podem incluir cataratas, glaucoma ou doencas raras, tais como CRSC, que foram notificadas apds a utilizagéo de corticosteroides sistémicos e topicos. Transferéncia de
terapéutica oral: Recomenda-se atencao especial nos doentes que fazem a transicao de esteroides orais, uma vez que podem continuar em risco de compromisso da funcéo suprarrenal durante um periodo
de tempo consideravel. Os doentes que necessitam de terapéutica com doses elevadas de corticosteroides ou tratamento prolongado com a dose mais elevada recomendada de corticosteroides inalados,
podem estar igualmente em risco. Estes doentes podem apresentar sinais e sintomas de insuficiéncia suprarrenal quando expostos a stress grave. Deve ser considerada cobertura adicional com
corticosteroides sistémicos durante periodos de stress ou cirurgia eletiva. Pneumonia em doentes com DPOC: Tem sido observado um aumento na incidéncia de pneumonia, incluindo pneumonia que requer
hospitalizacdo, nos doentes com DPOC a receberem corticosteroides inalados. Existe alguma evidéncia de risco aumentado de pneumonia com o aumento da dose de esteroide, néo tendo sido demonstrado
de forma conclusiva nos diversos estudos. N&o existe evidéncia clinica conclusiva para diferencas dentro da mesma classe na magnitude do risco de pneumonia entre os medicamentos contendo
corticosteroides inalados. Os médicos devem continuar alerta para o possivel desenvolvimento de pneumonia em doentes com DPOC pois as caracteristicas clinicas de tais infecoes sobrepdem-se aos
sintomas das exacerbacdes da DPOC. Os fatores de risco para pneumonia em doentes com DPOC incluem tabagismo atual, idade avancada, IMC baixo e DPOC grave. Hipocaliemia: A hipocaliemia
potencialmente grave pode resultar da terapéutica com agonistas-$3,. Estes tém o potencial de produzir acontecimentos cardiovasculares adversos. Recomenda-se precaucao especial na DPOC grave, pois
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Complexa coexisténcia da DPOC e da doenca

cardiovascular

Rita Pavasini, Gianluca Campo

A doenca cardiovascular (DCV) e a doenga
pulmonar obstrutiva crénica (DPOC) sio
duas das principais causas de morbilidade
e mortalidade a nivel mundial, ocupando o
primeiro e o terceiro lugar, respetivamente,
entre as causas de morte. Estas duas doencas
estdo ligadas por um importante fator de
risco modificavel: o tabagismo.

Dados de estudos anteriores indicam
que a prevaléncia de DPOC entre doentes
com DCV varia entre 7% e 28%. E de notar
que a DPOC em doentes com DCV tem
sido historicamente subdiagnosticada. Em
2009, Soriano et al. demonstraram que a
prevaléncia de limitagdo do fluxo aéreo
variava entre 60% em doentes com DCV
e 87% naqueles internados com doenga
corondria. Outro estudo revelou que, entre
fumadores ou ex-fumadores hospitalizados
por sindrome corondria aguda e submetidos
a espirometria, o diagndstico de DPOC
atingia 0s 29%.

Cho et al. analisaram um grande estudo
retrospetivo, baseado na populacio,
envolvendo 496 056 doentes com historial
de DCV (incluindo doenga isquémica
do coragdo, insuficiéncia cardiaca e
AVC). Nesta populagdo real, apenas 16%
tinham diagndstico de DPOC. Os autores
observaram que os diagnodsticos de
DPOC foram determinados com base em
internamentos relacionados com DPOC e/
ou pelo menos trés consultas externas por
DPOC num periodo de dois anos. Embora
esta defini¢do ndo se baseie em espirometria
— o padrao-ouro para o diagndstico de
DPOC — ja foi utilizada anteriormente,
demonstrando uma especificidade de 95%
e uma sensibilidade de 58%. Estes dados
reforcam fortemente a suspeita de que uma
proporgao substancial de casos de DPOC
na populagdo com DCV permanece por
diagnosticar.

Além disso, Cho et al. verificaram que os
doentes com DPOC e DCV recebiam menos
terapéuticas especificas para o coracio,
incluindo betabloqueadores, inibidores
da ECA e estatinas. A menor utilizacdo de
betabloqueadores é, em parte, compreensivel,
devido a preocupacdes histdricas sobre a sua
interagdo com agonistas beta-2 em doentes
com DPOC. No entanto, evidéncias recentes
demonstram que os betabloqueadores
seletivos sdo seguros e eficazes em doentes
com ambas as condi¢des, sem efeitos
adversos significativos.
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Por outro lado, a menor prescri¢cdo de
inibidores da ECA e estatinas é mais dificil
de justificar. Embora os inibidores da ECA
possam causar tosse — um sintoma comum
na DPOC — existem alternativas, como os
bloqueadores dos recetores da angiotensina
II (ARAs), que poderiam ser utilizados.
Além disso, os ARAs podem oferecer
beneficios adicionais, como a preservagao
da massa muscular e da capacidade
funcional em doentes com DPOC. As
estatinas, por sua vez, tém mostrado
resultados mistos em doentes com DPOC:
alguns estudos sugerem um papel protetor
contra exacerbac¢oes, além dos beneficios
cardiovasculares, enquanto outros, como
o estudo COSYCONET, ndo encontraram
efeito nas exacerbac¢des, embora tenham
confirmado a sua seguranga e eficdcia
cardiovascular.

Cho et al. também destacaram que os
doentes com DCV, mas sem DPOC, tém
maior probabilidade de consultar um
cardiologista do que aqueles com ambas
as condigdes. Isto sugere que a menor
prescri¢ao de terapéuticas cardiovasculares
em doentes com DPOC-DCV pode
estar relacionada com menos consultas
de cardiologia, resultando em cuidados
cardiacos subdtimos.

As conclusées de Cho et al. tragcam
um cendrio preocupante: a DPOC ¢
provavelmente subdiagnosticada em doentes
com DCV e, quando a comorbilidade ¢é
reconhecida, estes doentes nao sé recebem
menos terapéuticas especificas e menos
acompanhamento especializado, como
também apresentam piores desfechos
cardiovasculares — incluindo taxas mais
elevadas de eventos cardiovasculares
adversos major (enfarte do miocardio, AVC

e morte cardiovascular), bem como mais
internamentos por insuficiéncia cardiaca.

Este estudo sublinha a necessidade de
uma gestao partilhada entre cardiologistas
e pneumologistas para doentes com
comorbilidade DPOC-DCV. E urgente
melhorar os cuidados cardioldgicos nestes
doentes. Nao estd claro se a dependéncia
exclusiva de especialistas em pneumologia
contribui para a falta de atengdo
cardiologica. Os doentes ja acompanhados
por um especialista podem nao sentir
necessidade de consultar outro. Ao mesmo
tempo, a gestdo partilhada é essencial para
doentes com DCV conhecida e fatores de
risco para DPOC (por exemplo, tabagismo),
que devem ser diagnosticados precocemente
através de avaliagio pneumoldgica
especializada, espirometria e programas de
apoio a cessagdo tabdgica.

Reforgar a colaboragio entre especialistas
em campanhas de cessagdo tabagica pode
ser fundamental para abordar este fator de
risco modificavel, com impacto prognostico
significativo. De facto, a DPOC nio
diagnosticada em doentes com DCV tem
um impacto prognostico grave, levando a
maior mortalidade e maior incidéncia de
eventos cardiovasculares.

Para enfrentar este problema, sdo cruciais
campanhas de sensibilizacdo que enfatizem
a importancia do acompanhamento
conjunto cardioldgico e pneumoldgico
para doentes com doengas respiratorias
concomitantes. Isto inclui doentes com
DPOC e DCV conhecidas, doentes com
DPOC com fatores de risco para DCV e
doentes com DCV com fatores de risco para
DPOC. Estudos futuros devem explorar se
uma abordagem integrada cardiopulmonar
— otimizando o tratamento de ambas as
condi¢des e promovendo intervengdes
fisicas e comportamentais (como nutrigdo
adequada e apoio a cessagdo tabagica)
— poderd melhorar os desfechos nestes
doentes.
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Gestao da sibilancia em idade pré-escolar: um estudo

qualitativo sobre as opinioes e experiéncias dos pais
Lubna Mohammed Abdul Wajid," Sejal Saglani,? Prasad Nagakumar,* Gemma Heath*

RESUMO

Objetivo: O objetivo deste estudo foi explorar as opini-
0es e experiéncias dos pais na gestao da sibilancia em
criancas em idade pré-escolar, incluindo as suas perspeti-
vas sobre a utilizacdo de exames para orientar os planos
de tratamento.

Desenho do estudo Foi utilizada uma amostragem
intencional para recrutar 16 participantes de 14 familias
em Inglaterra e no Pais de Gales. Os dados qualitativos
foram recolhidos através de entrevistas semiestruturadas
com pais de criancas entre 1 e 5 anos com sibilancia
em idade pré-escolar, realizadas via Microsoft Teams.
As entrevistas foram transcritas e analisadas por analise
tematica, com o apoio do software NVivo.

Resultados A andlise gerou quatro temas principais: (1)
Caminho até ao diagndstico, (2) Gestao da medicacao, (3)
Viver com sibilancia em idade pré-escolar, (4) Melhorar os
cuidados de salde para a sibilancia em idade pré-escolar.
Os resultados sugerem um impacto negativo da sibilancia
pré-escolar na vida das familias, incluindo niveis elevados
de preocupacéo e limitacbes na capacidade de trabalhar
e viajar. Os obstaculos a gestdo eficaz incluiram termi-
nologias inconsistentes, incerteza diagndstica, educacao
limitada e falta de apoio na gestdo da condicdo. Outros
entraves incluiram preocupacdes dos pais em relacdo a
medicacao, atrasos na realizacdo de exames e dificulda-
des no acesso a cuidados especializados. Os pais mostra-
ram-se favoraveis a realizacdo de exames para orientar
0s tratamentos.

Conclus&o As opinides dos pais evidenciam os desafios no
diagnostico e tratamento da sibilancia em idade pré-escolar
a varios niveis do sistema de satide. Para melhorar a gestéo
e garantir que os servicos prestados a estas criancas sejam
eficazes, é urgente estabelecer uma terminologia consis-
tente, uma abordagem unificada para orientar exames e
tratamentos, e reforcar a formacdo dos profissionais de
salde nos cuidados primarios e secundarios.

INTRODUCTION
Preschool wheeze (PSW) is common. Approxi-
mately 30%-40% of all children will experience
recurrent wheeze attacks in the first 6 years of life.!
Seventy five per cent of all children with wheeze
admitted to hospital are aged between 1 and 5
years.? The UK has the second highest prevalence
of wheeze during the second year of life in Eu-
rope.’ PSW results in significant morbidity, health-
care costs and impaired quality of life for both the
child and parent.* Children with PSW account for
a third of all healthcare costs for childhood asth-
ma.* Recurrent wheeze attacks predict long-term
diminished lung function and increased all-cause
morbidity and mortality in early adulthood.?
Optimal therapy for treating and preventing
episodes of PSW is not well-defined and remains
a matter of investigation and debate.® Thus, in
clinical practice, there are no diagnostic tests and
no definitive pathways for treating PSW. Current
management is based on expert consensus, his-
tory-taking and symptom patterns.® Medications
prescribed for PSW are often those used in school-
age children and adults with asthma. Recommen-

What is know about this topic

» Preschool wheeze results in significant
morbidity, healthcare costs and impaired
quality of life for child and parent.

» Currently, there is no diagnostic pathway
or definitive guidelines to inform effective
management of preschool wheeze.

What this study ads

» Parents’ views highlight the problem of
diagnosing and treating preschool wheeze
at multiple system levels.

» Parents emphasise the need for consistent
terminologies and integrated treatment
pathways to improve management of pre-
school wheeze.

» Parents are in favour of using investigations
to guide treatment for preschool wheeze.

How this study might affect rese-
arch practice or policy

» There is a need for preschool wheeze
management policies and treatment
pathways, which are evidence-based and
co-developed with parents.

dations for treatment by the British Thoracic Soci-
ety’ and European Respiratory Society® are based
on parent-reported or child-reported symptoms.
Inhaled steroids, salbutamol and montelukast are
some of the medications recommended to prevent
wheeze attacks, but acute presentations to health-
care continue.’

A recent review of literature by the European
Respiratory Society taskforce® indicates that diag-
nosis and management of PSW may be improved
by identifying treatable traits, such as blood eosi-
nophils and aeroallergen sensitisation, which could
help to identify children who will have a differential
response to inhaled corticosteroids (ICS). How-
ever, the taskforce notes that further prospective
validation of using blood eosinophils as a biomar-
ker in preschool children is needed before recom-
mending it as an evidence-based clinical approach.
A further gap in evidence relates to biomarkers that
could identify children unlikely to respond to ICS.?

While the introduction of objective tests for
identifying treatable traits (blood eosinophils and
aeroallergen sensitisation) may present opportuni-
ties for more effective management of PSW (pen-
ding further validation), the acceptability to parents
is unknown. Acceptability is a key consideration in
the implementation of healthcare innovations; if
new treatments or interventions are considered ac-
ceptable, patients are more likely to adhere to them
and benefit." Parent acceptability of managing
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PSW with steroids is also unclear, given that adherence to inhaled
steroids, even in those with severe recurrent wheeze attacks, is
only 30%."" An in-depth understanding of parents’ perceptions of
illness and treatment, including the acceptability of blood/allergy
tests and steroid use, is therefore important for understanding cur-
rent PSW management and determining the feasibility of imple-
menting new approaches from a parental perspective. The aim of
this study was to explore parents’ views and experiences of mana-
ging children with PSW, including their perceived acceptability of
steroids and blood/allergy tests to guide treatment pathways.

METHODS

Sampling and recruitment

Parents were purposefully recruited based on their child’s age
(1-5 years) and wheeze symptoms, as confirmed by a health pro-
fessional, to include variation in demographics and a mix across
primary, secondary and tertiary care. We excluded parent partici-
pants whose children were <1 year or >5 years of age, and those
with co-existing comorbidities (congenital lung or heart disease,
interstitial lung disease, cystic fibrosis, bronchiectasis, chronic
lung disease of prematurity). Parents were recruited via adverts
displayed in a hospital outpatient clinic and via social media. Po-
tential participants who responded to study adverts received a
study information pack via email, including an information sheet
and consent form.

Data collection

A semi-structured interview guide was informed by existing lite-
rature,”® experiences of the clinical team and research objectives
(see online supplemental file 1). Open questions covered parents’
views and experiences of PSW, approaches to management, use
of blood and allergy tests and barriers to accepting or perform-
ing such tests. LMAW conducted the interviews at a mutually con-
venient time via Microsoft Teams (April-August 2023). Interviews
lasted 30-90 min and were recorded. Data collection continued
until saturation was reached, that is, the point at which little new
information was generated. This was established during the inter-
views, as well as by listening back to the interview recordings, con-
ducting concurrent data analysis and discussing the data with the
research team.'?

Data analysis

Interview data were transcribed verbatim and analysed using The-
matic Analysis.”” * Transcripts were auto-generated by Microsoft
Teams and manually checked by the first author. LMAW (female
Clinical Research Fellow) led the data analysis, becoming familiar
with the data through reading and re-reading transcripts. Codes
were then generated inductively from the data, leading to the crea-
tion of an initial coding frame. Coding was carried out by LMAW,
with a subsection double-coded by GH (female Health Psycholo-
gist) and discussed with PN (male Paediatric Respiratory Consul-
tant). Following team discussion and iteration, an agreed-on co-
ding frame was applied to all transcripts. Codes were then com-
pared within and between participants and grouped into themes,
which were further discussed by the team. Coding and data re-
trieval were supported via the qualitative data analysis software
package NVivo V.12.1°

RESULTS

Participants

A total of 22 expressions of interest were received from parent
participants. Six did not respond to follow-up contact or were
no longer interested in participating. Hence, there were 16 par-
ticipants from 14 families in total. Families were recruited from
a wide UK geographical area including Northwest England, West
Midlands and Wales. The sample comprised those cared for in pri-
mary, secondary and tertiary care. 57% (8/14) of participants’ chil-
dren were on low-dose ICS and needed short-acting beta-agonist
(SABA), corresponding to step 2 of Global Initiative for Asthma
guidelines.16 21% (3/14) were on SABA, ICS and montelukast,

14% (2/14) were on SABA, ICS and long-acting beta-agonist
(LABA), 7% (1/14) was on SABA, ICS, LABA and montelukast.
Further participant characteristics are presented in tables 1 and 2.
The words most (>14), many (>10) and few (>5) are used to de-
scribe the strength with which parents supported the points made.

Thematic findings

Analysis generated four themes: (1) pathway to diagnosis, (2)
medication management, (3) living with PSW and (4) improving
PSW healthcare. Illustrative quotations are presented in table 3.

Pathway to diagnosis: “If it is not asthma, what is it?"

Many parents highlighted inconsistent terminologies and diagnos-
tic uncertainty for their child’s PSW (asthma, suspected asthma,
viral wheeze, allergy) as confusing and problematic, with instances
of receiving different views from different clinicians regarding
symptoms and causes. For some parents, referring to wheeze as
viral provided (potentially false) reassurance that their child was
not being diagnosed as asthmatic. Others described frustration at
not being provided with a definitive diagnosis, particularly where
the child had experienced multiple wheeze attacks and hospital
admissions.

Related to issues with diagnosis were parents’ dissatisfaction
with perceived delays in initiating investigations, particularly
while being managed in primary care. Investigative tests were
often described as only being initiated following extreme cases
(multiple hospital admissions, severe wheeze attacks), and in all

Table 1 Participant demographics

Parent/Carer interviewees

Mothers 14
Fathers 2
Current age of children of parents interviewed with PSW diagnosis
Median 4 years
Range 2-5 years
IQR 1.25 years
Ethnicity of parents, n (%)
White

English, Welsh, Scottish, Northern Irish or British
Asian or Asian British

10 (62.5%)

Indian 3 (19%)

Pakistani 1 (6.25%)

Southeast Asian 1 (6.25%)
Other ethnic group

Arab 1(6.25%)
Geographical area

West Midlands 12

Northwest England 2

Wales 2

Clinical history
Children in education placement, n (%) 12 (86%)
Children with allergy to food/aero-allergens, n (%) 7 (50%)

Atopy, n (%) 10 (71%)

Family history of asthma, n (%) 8 (57%)

Parent smokers (n) 1

Number of GP visits for PSW in 1 year (median) 1

Number of hospital visits for PSW in 1 year (median) 35

Number of children with courses of oral steroids in last 1 year 114
Current medications, n (%)

SABA+ICS 8/14 (57%)

SABA+ICS+montelukast 3/14 (21%)

SABA+ICS+LABA 2/14 (14%)

SABA+ICS+LABA+montelukast 1114 (7%)

GP, general practitioner; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist;
PSW, preschool wheeze; SABA, short-acting beta-agonist.
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Table 2 Age and employment status of participants, age of children and setting of care at the time of the interview

Parent Parental age (years) Employment Age of child at the time of the interview Setting of care for PSW
P1 (mother) 35-40 HR manager Son, 3 years Secondary care
P2 (mother and father) 35-40 Mother nurse Son, 4 years Secondary care
P3 (mother) 30-35 Housewife Daughter, 3 years Secondary care
P4 (mother) 30-35 Housewife Son, 2 years Secondary care
P5 (mother) 35-40 Self-employed Daughter, 4 years Secondary care
P6 (mother) 40-45 Housewife Son, 2 years Secondary care
P7 (mother and father) 40-45 Nurses Son, 4 years Secondary care
P8 (mother) 30-35 Housewife Daughter, 4 years Secondary care
P9 (mother) 35-40 Clinical scientist Son, 2 years Secondary care
P10 (mother) 30-35 Self-employed Son, 4 years Primary care
P11 (mother) 30-35 School teacher Son, 4 years Primary care
P12 (mother) 30-35 Customer care services Son, 4 years Secondary care
P13 (mother) 30-35 Self-employed Son, 4 years Secondary care
P14 (mother) 30-35 Survey office manager Son, 4 years Secondary care

PSW, preschool wheeze.

instances were initiated by specialist (tertiary care) health pro-
fessionals. Many parents expressed relief once tests were initi-
ated, constructing them as vital for treatment decision-making.
Parents were keen to identify a cause for their child’s wheeze
that could inform management options, rather than starting
inhalers and only initiating tests following poor wheeze con-
trol. Most parents were united in their view that investigations
formed a key component in informing the management of their
child’s condition, echoing frustration with a ‘wait and watch’
approach.

Despite parental preference for timely tests, the importance of
a sound rationale for child testing was emphasised by parents,
for example, explaining why the investigations were being un-
dertaken, differences between the types of tests and how each test
would inform their child’s wheeze management. Many parents
further highlighted that to be acceptable, more invasive tests (eg,
blood tests) needed to be performed in a considered and perso-
nalised way to minimise child distress, ensuring that the child
was not subject to repeated tests unnecessarily.

Medication management: “an acceptable cost”

In all cases, wheeze was managed using a combination of ste-
roid and salbutamol inhalers. While acceptable to parents and
described as helpful in reducing exacerbations, a few parents
described limited education and support in administering in-
halers and using spacers. Specifically, parents perceived a lack
of knowledge at District General Hospitals and in primary care,
describing inconsistent instruction from different professionals,
leading to them seeking alternative advice (eg, from other family
members, internet).

Many parents also expressed concerns regarding the side ef-
fects of steroid inhalers for young children, including long-term
dependence, reliance on relievers for physical exertion and tooth
decay. The risks, however, were weighed by parents, and gene-
rally, it was felt that the benefits of using inhalers in terms of re-
ducing wheeze attacks and hospital admissions outweighed the
risks associated with side effects, deeming the medication an ‘ac-
ceptable cost.

Management was also discussed in relation to childcare pro-
viders, with a few parents expressing concerns about preschool
nursery staff administering inhalers incorrectly or not in a timely
manner, despite providing a wheeze plan. These anxieties exten-
ded to worries about how the child would cope once attending
school. Many parents also described feeling reassured by regular
follow-up checks after a PSW attack and the ability to access spe-
cialist care when required.

Living with PSW: “We are terrified”
Witnessing a severe attack of PSW was frequently described as
‘traumatic’ and had a significant psychological impact on some

parents, particularly in cases where the child was admitted to a
high-dependency or intensive care unit because of their wheeze.
In some families, parents had decided to reduce or stop working to
manage the child’s recurrent wheeze, while others described high
levels of anxiety and vigilance due to the unpredictability of their
child’s condition. Many parents also described missing work to at-
tend appointments and accompany their child to hospital, which
presented a financial burden.

In addition to the impact on work, some families felt unable to
go on holiday for fear of a wheeze attack and worry about acces-
sing healthcare abroad. A few families expressed a desire for social
support from a peer network so they could meet other parents and
share experiences of PSW.

Improving PSW healthcare: “The problem is accessibility”

While acknowledging the convenience of primary care (closer to
home, less waiting time, less time away from work), most parents
preferred secondary and tertiary care, where it was felt they could
access specialist support. In hospital settings, parents felt that their
concerns were validated, and that investigations and treatment
could be initiated, whereas general practitioners were perceived
as having little training in childhood wheeze, leading to a loss of
confidence.

A few parents appreciated the opportunity for open access to
local secondary care when their child experienced a wheeze exa-
cerbation and emphasised the importance of wheeze management
plans. However, there were barriers to attending secondary care,
including the untimely availability of ambulances, arranging child-
care, financial factors (such as car park fees, congestion charges)
and some families suggested a need for virtual as well as face-to-
face appointments.

Ultimately, most parents called for a more coordinated and in-
tegrated approach between primary, secondary and tertiary care
providers, who would make use of shared care plans for PSW that
can be accessed by primary and secondary care, as well as emer-
gency services when required.

DISCUSSION

To our knowledge, this is the first study in the UK to explore pa-
rental views and experiences of managing PSW and the acceptabi-
lity of steroids and blood/allergy tests to guide treatment pathways.
We are unaware of other qualitative studies that have explored pa-
rents’ perspectives on PSW. Findings suggest a negative impact of
PSW on families’ lives, including high levels of worry, and limiting
capacity for work and travel. Barriers to effective management of
PSW include inconsistent terminology and diagnostic uncertainty,
limited education and management support, delayed investiga-
tions, concerns about medications and challenges accessing spe-
cialist care. Many parents favored performing blood and allergy
investigations to guide treatment pathways.
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Table 3 lllustrative quotations

Pathway to Inconsistent terminologies  “Yeah, there’s some that was saying it could be severe asthma. There's some that said it could just be normal asthma and he's
diagnosis and diagnostic uncertainty having some attacks from that or it's this viral induced wheeze.” (Parent 2, son 4 years)
“I'm reading D's paperwork and it will say severe asthma, severe asthma attack and you know. It's got some pretty strong language
in the discharge paperwork, but then on the other hand they'll say, but it's suspected asthma and you think. It's, there's a real grey
area around it all and you know that could cloud judgement and so | think whilst if you're gonna categorise children like D in that
grey area, then they need to back that up by saying, well, if it's not asthma, what is it?" (Parent 14, son 4 years)

“The only one they did is when she was on her 7th one [hospital admission] | think. When | mentioned she’s on her 7th one this year.
And that's when they thought they will start investigating it, which | wasn't happy with, to be honest, because we were hospitalised
so many times.” (Parent 8, daughter 4 years)

" personally had a big problem with all the doctors telling me ‘It's a mystery’ because it didn't necessarily have to be a mystery if
they did the tests that needed to be done, that could have, you know, helped them find out what’s happening inside him to get that
diagnosis. ‘But it's a mystery'—was used for a long time before any blood tests were even taken. Yeah, you know, and that's not a
diagnosis. That doesn't help a parent when you're so stressed and watching your child suffer for so long” (Parent 2, son 4 years)

Delayed investigations

“| know what a blood test would entail, but obviously what could come out of it? What sort of benefits are there? So, knowing all
right, this will give us a more specific idea of which thingy is allergic to, so we can avoid that and they reduce the use of medicine.
And | would appreciate it, stuff like that. Yeah. I'm all for science, so | would be happy for them to be investigated.” (Parent 11, son
4 years)

“| think to actually explain to the two different types of allergy tests, because | know there’s | think a prick test or something like
that and a blood test. And do they write down what test they need? For example, they say blood test, do they kind of tell us we're
going to do a blood test like for milk egg, or does that just all come up at once?” (Parent 8, daughter 4 years)

“It's gotta be done, | think. But | think we were very much mindful that some children in my opinion have or what | would only
explain is an astronomical amount of blood tests done and a lot of those tests are failed tests and so there repeat attempts to
gain blood. Um and and | think sometimes as professionals they don’t consider the impact on the child and their family and how
traumatic that is.” (Parent 7, son 4 years)

Guiding investigations

Medication Limited education and
management  support

“| don't think there’s a specialist respiratory team in in local hospital. This was a major flaw | think in local city. The nurses haven’t
got a clue how to give the inhaler themselves. So to educate somebody, one of the nurses was forcing it onto his face. R had a really
deep mark on his face from the mask, being pushed on and being held there while he was struggling.” (Parent 2, son 4 years)

"We were sent home with Brown and Blue inhaler. So we're at that point where were given a brown inhaler and we weren't advised
that that was something we should be doing daily. It was never discussed how often we were using the brown inhaler. So | feel like,
If say, when D got wheezy and we went to either A&E or to the GP, depending on the time of day and felt to get some assistance for
his chest and we were sent home being prescribed steroids. Nobody at that point said, ‘What's your prevention like?"” (Parent 14,
son 4 years)

“For me, like, inhalers was always something that meant “Ohh. My gosh. You're depending on something to sort of have to
breathe”, you know. He was always in a very intense form of medication, especially when the word steroid you always relate to
something that's quite intense, so... Yeah. For me it was quite upsetting that he had to be on inhalers.” (Parent 3, daughter, 3 years)
“| think the medication overall was quite strong for him, | think because he was on oral steroids as well as inhaled steroids as well
as a montelukast. | did feel a bit like this is a lot going into a little boy at such as, you know, without testing to see if one medication
is working first.” (Parent 2, son 4 years)

Medication concerns

Living with Impact on families "My wife's had to give up work just to kind of care for for him. Yeah. So because we don't know what's gonna happen to him. Right.

PSW We had to kind of sacrifice a few things just to make sure he’s okay because that's priority for us.” (Parent 2, son 4 years)
“For the last 2 years it’s had a significant impact on where I’'m willing to travel with my family. So always looking at wherever we
go, anywhere, where's the nearest paediatric A&E and how do | access emergency paediatric services, so we've never travelled

abroad with [son].” (Parent 1, son 3 years)

Improving PSW  Accessing specialists
healthcare

“| find people take me more seriously at the hospital, um, you know, being honest. But | would prefer to just be able to go to the GP
and not have to trek all the way to the hospital and waste a lot of time. Not so much of the waiting time in the hospital, | feel like,

It's just a distance, isn't it? It's just like it's not, it's not local.” (Parent 11, son 4 years)
“| think the GP needs more training with viral induced wheeze because their answer to J's wheeze is ‘Ohh will give him antibiotics

rn

and steroids'.” (Parent 6, son 2 years)

A&E, accident and emergency; GP, general practitioner; PSW, preschool wheeze.

Current management of PSW was perceived as unsatisfactory
by parents, characterised by inconsistent diagnostic termino-
logy, diagnostic uncertainty, delayed investigations and recur-
rent hospital presentations. Parents felt that obtaining a formal
diagnosis of PSW, even as an umbrella term (from which other
diagnoses, including asthma, might emerge), earlier in the care
journey would help them manage their child’s condition more
effectively, improving both their and their child’s quality of life,
as well as improving access to specialist care. These findings reso-
nate with other studies highlighting the uncertainty'”and frustra-
tion' of the prediagnosis phase, as well as those describing the
negative impact of childhood asthma on family well-being." The
British Thoracic Society®® and the Global Initiative for Asthma?
have published guidelines for the diagnosis and management of
‘asthma’ in children under 5 years. However, these guidelines do
not describe ‘PSW’, and health professionals may find it difficult
to label every child under 5 years with wheeze as having asthma.

Consistent with the ‘Common-Sense Model' of managing
health threats,” parents in our study were keen to understand
the causes of recurrent PSW in their children. Not feeling able
to understand their child’s symptom aetiology and frustrated
with a lack of diagnostic labels or specified treatments, parents

supported investigations being performed earlier in the care
pathway, conceiving investigations as a gateway to appropriate
management based on objective results rather than (variations
in) clinical experience. Domains of illness representations, inclu-
ding perceived timeline, consequences, cause and controllability
of symptoms have previously been shown to impact treatment
adherence in those with asthma.” To improve concordance, it is
important that a child’s treatment plan is coherent with parents’
understanding of their child’s condition. Good history-taking,
which elicits parental concerns, establishes symptoms, identi-
fies trigger factors and includes parent-reported outcomes, may
reassure parents regarding diagnostic uncertainties, reducing
their calls for objective investigations. Upskilling health profes-
sionals across healthcare settings and involving parents in PSW
management could thus influence healthcare utilisation patterns,
including emergency department visits, hospital admissions and
primary care consultations.

While most parents in this study expressed concern about
the long-term effects of ICS, they felt that dealing with side ef-
fects was better than frequent hospitalisation. Parents described
a sense of reassurance when given instruction on the daily use
and side effects of preventer inhalers. This was achieved through
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signposting to National Health Service resources, as well as
providing demonstrations and verbal and written instructions.
In terms of service improvement, the current study aligns with
others in demonstrating a need for coordinated and integrated
care across the healthcare system.?* In our study, education on
PSW and management plans often differed between healthcare
professionals, leading to inconsistent information being provi-
ded to parents. Managing PSW care via community-based diag-
nostic hubs may help meet the needs of parents requiring access
to specialist care closer to home.

Strengths and limitations

A key strength of this study is the diverse representation of views
from parents of children with varying degrees of PSW, sharing
experiences from management at various levels of care. The pa-
rent participants were from across England and Wales. One of
the limitations is that participants were mainly mothers, mean-
ing fathers were under-represented. Mothers are often the pri-
mary caregivers of children with chronic health conditions and
accompany their children to seek healthcare services.> A second
(potential) limitation is that some members of the research team
(SS, PN) are involved in the clinical management of children
with severe wheeze in a tertiary care setting, which could have in-
fluenced the analysis. However, neither the first author (LMAW,
Research Fellow) nor the lead author (GH, Health Psychologist)
is involved in the clinical management of children with severe
wheeze. Furthermore, the thematic analysis was based exclusive-
ly on data provided by parents who were not under the clinical
care of the research team, which further reduces the potential for
bias from clinical involvement. While a subsection of data were
coded by two analysts, not all transcripts were. However, the final
coding frame was reviewed by all authors, with team discussions
used to develop and agree on salient themes.

RECOMMENDATIONS/CONCLUSION

Parents’ views highlight the problem of diagnosing and treating
PSW at multiple system levels. To improve the management of
PSW, there is a need for consistent terminology, unified guide-
lines and a diagnostic pathway to guide investigations and com-
mence treatment. To achieve this, there is a need for prospective
clinical trials to determine the efficacy of treatment decisions
made according to the results of investigations. To ensure ser-
vices for children with PSW are effective and sustainable, there
is a need to upskill health professionals in primary and secon-
dary care and enable access to investigations in primary care. To
be acceptable to parents, however, investigations need to have a
sound rationale and be personalised to the child’s need, ensuring
children are not subjected to unnecessary diagnostic tests.
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Analise dos sistemas de pontua¢ao para asma
recomendados nas diretrizes para criancas que se
apresentam no servi¢o de urgéncia: um estudo da
Pediatric Emergency Research Networks
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RESUMO

Justificacdo Embora existam numerosos sistemas de
pontuacao pediatricos publicados para a asma, nao se
sabe com que frequéncia estes sao recomendados nas
diretrizes de asma em diferentes regides geograficas a
nivel global, nem qual é o seu estado de validagao.
Objetivos (1) Descrever quais diretrizes clinicas reco-
mendam sistemas de pontuacdo para a asma em diferen-
tes regides geograficas. (2) Descrever a validaco inicial
e subsequente dos sistemas de pontuacdo para a asma
mais frequentemente recomendados.

Métodos Estudo observacional dos sistemas de pontu-
acdo para a asma recomendados nas diretrizes para o
tratamento da asma pediatrica aguda, provenientes de
instituicbes da Pediatric Emergency Medicine Network —
uma rede global de investigacdo em medicina de urgéncia
pediatrica que inclui oito redes locais e regionais.
Principais resultados Foram identificadas 158 diretri-
zes. No total, 83 de 158 (53%) recomendam a utilizacdo
de um sistema de pontuacdo clinica a cabeceira do doente
para avaliar a gravidade da asma. Enquanto um Unico sis-
tema de pontuacdo especifico por pais foi recomendado
em todas as diretrizes de Espanha e do Canad4, 27 de 28
(96%) das diretrizes dos EUA recomendam uma grande
variedade de sistemas, sendo que raramente sdo reco-
mendados nas diretrizes de outras redes de investigacao
(PERUKI — Paediatric Emergency Research in the UK and
Ireland, e PREDICT — Paediatric Research in Emergency
Departments International Collaborative na Australia
e Nova Zelandia) e de outros paises (Costa Rica, Africa
do Sul, Nigéria, Singapura, India). O Pediatric Respiratory
Assessment Measure (PRAM) e o Pulmonary Score (PS)
foram os instrumentos de pontuacdo mais frequente-
mente utilizados. Embora o PRAM tenha sido o mais
amplamente validado, incluindo validade de construto, 0s
estudos de validacdo do PS sao limitados. A fiabilidade
interobservador, bem como os aspetos de validade de cri-
tério, de resposta e discriminativa, representam as limita-
¢des mais comuns em muitos dos sistemas de pontuacao.
Conclusdes Existem diferencas geograficas marcadas
tanto na recomendacdo como no tipo de sistema de pon-
tuacdo clinica para a asma incluido nas diretrizes clinicas.
Embora muitos sistemas de pontuacdo sejam recomenda-
dos, a maioria apresenta validacao insuficiente.

INTRODUCTION

Asthma is a frequent reason for presentation to an
emergency department (ED), and one of the most
common reasons for paediatric hospitalisation after
an ED visit.!? Paediatric asthma carries a high bur-
den of disease, with global estimates of an escalating
rate of admission and increasing associated costs.**

What is know about this topic

» There is a plethora of paediatric asthma
scores used both in research and clini-
cal practice. However, we do not know
which scores are recommended in clini-
cal asthma guidelines in different geogra-
phical locations and what their validation
status is.

What this study ads

» This observational study of 158 clinical
guidelines from a global paediatric emer-
gency research network found a marked
geographical variation in the frequency
and the type of score used, with scores
frequently recommended in the USA,
Canada and Spain, and infrequently
elsewhere. The most common scores were
the Paediatric Respiratory Assessment
Measure (PRAM) and the pulmonary
score.

How this study might affect rese-
arch practice or policy

» This study highlights the need for future
prospective validation studies of the com-
monly recommended asthma scores to
establish their role. Overall, the PRAM
score is the most extensively validated but
would benefit from multisite validation
studies. Further prospective studies are
required to validate the remaining scores
with a focus on their ability to discrimi-
nate differences in asthma severity and
their responsiveness to changes in signs
and symptoms for use in clinical practice
guidelines.

Clinical practice guidelines are commonly re-
commended for use in the ED management of
acute asthma;*” providing a background to the
clinical condition, guiding the assessment of the
asthma severity of an individual patient and re-
commending treatment based on this assessment.
A recent qualitative study demonstrated that cli-
nicians view clinical guidelines as a useful aid to
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decision-making in children with acute asthma.® Some of these
guidelines may also make a reference to an asthma score.

An asthma score, in general, includes a combination of observa-
tions that a clinician can assign a numerical value to. These include
oxygen saturation, heart rate, respiratory rate, accessory muscle
use, wheezing and duration of the expiratory phase of the respira-
tory cycle. For each of these parameters, a child is assigned a score,
usually between 0 and 3 points, with the sum of the points repre-
senting a total score. Clinical asthma scores are useful to guide se-
verity-based treatment recommendations and to measure changes
in a child’s condition to determine response to treatment.'’

The literature about the use of asthma scores in clinical practice,
however, has been largely limited to surveys inquiring about clini-
cians’ use of scores.!*® In research, asthma scores are frequently em-
ployed as a clinical trial entry criterion to measure severity'®-*?and
as a measure of response to treatment.”** A lack of consistency in
asthma score utilisation contributes to the challenge of a meaning-
ful comparison of the outcomes between clinical trials.”” To our
knowledge, the spectrum of the clinical asthma scores endorsed
in guidelines for local hospitals and networks worldwide has not
been documented. In this context and given our recent identifica-
tion of the reliance the clinicians place on clinical guidelines,® this
paper addresses the above knowledge gap by investigating which
paediatric asthma scores are recommended across a broad sample
of healthcare institutions internationally.

Objective
The Pediatric Emergency Research Networks (PERN) asthma
working group was formed in 2017, with the aims of developing
consensus-based and evidence-based asthma outcome measures
(with input from patients, families and clinicians), and interna-
tional consensus guidelines for the conduct and reporting of clini-
cal trials of therapies for acute asthma exacerbations. Currently,
this group comprises members from seventeen countries; with
most belonging to formal regional research networks.¢
This study aims to assess current clinical asthma scores recom-
mended in paediatric practice guidelines in the EDs associated
with PERN.
Specifically, we aim to describe:
1. The proportion of guidelines which include a clinical asthma
score from each country.
2. The distribution of various asthma scores across different
PERN networks.
3. The validation spectrum of the commonly recommended
asthma scores.
The recommendations for the management of acute exacerba-
tions of asthma and the quality of these guidelines are repor-
ted elsewhere."”

Design

This is an observational study of the guidelines for the manage-
ment of acute paediatric asthma from the institutions belonging
to the global PERN network. The project is reported according
to the Strengthening the Reporting of Observational Studies in
Epidemiology statement.'®

Setting and guideline collection

The hospitals and clinicians associated with the PERN asthma
working group were invited to participate by email in October 2018
via the eight PERN partner networks. The PERN comprises the
following networks: Research in European Paediatric Emergency
Medicine (REPEM) in Europe; Pediatric Emergency Care Applied
Research Network (PECARN) and Pediatric Emergency Medicine
Collaborative Research Committee of the American Academy of
Pediatrics (PEM CRC) from the USA; Pediatric Emergency Research
Canada (PERC); Paediatric Research in Emergency Departments
International Collaborative (PREDICT) from Australia and New
Zealand; Paediatric Emergency Research in the United Kingdom
and Ireland (PERUKI); Red de Investigacion de la Sociedad Espafiola
de Urgencias de Pediatria/Spanish Pediatric Emergency Research
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Group (RISEUP/SPERG); and Red de Investigacion y Desarrollo de
la Emergencia Pediatrica Latinoamérica.”

The email recipients were then invited to forward the email to
other ED physicians and hospitals where there existed formal and
informal professional and academic relationships, aiming to allow
sampling in countries without formal organised research networks.
The request for participation was also shared on social media.

Each participating hospital was asked to provide a copy of its cur-
rent guideline for the management of acute paediatric asthma. This
could include local, regional or national guidelines, as well as any
documents (such as order sets) providing recommendations on seve-
rity assessment and severity-based treatment of children presenting
to the ED or hospital with acute onset of wheezing or asthma.

Data abstraction: guideline/order set content

To reduce the risk of bias, each clinical guideline was independently
assessed by two trained reviewers, who were provided with clear defini-
tions, rules for the interpretation of clinical guidelines and instructions
for data extraction. Abstracted data were recorded on a paper-based
form and then entered into a specifically designed Research Electronic
Data Capture® database hosted at Monash University.

We originally planned for the guidelines written in languages other
than English to be abstracted by two investigators fluent in both
English and the language in which the guideline was written. While
this was possible for guidelines written in Spanish and Catalan, we
were unable to achieve this goal for those written in Dutch and
French. An online translator (Google Translate) was therefore used
to extract guideline content from Dutch and French guidelines.

Guideline content was extracted and analysed descriptively.
Guidelines were collated into the following six groups, based on
established PERN networks: UK and Ireland (PERUKI network);
Spain (RISEUP-SPERG network); USA (PEM-CRC and PECARN
networks); Australia and New Zealand (PREDICT network);
Canada (PERC network) and ‘Other’ (single guidelines from
Netherlands, Switzerland, France (REPEM network), Romania,
Zimbabwe, Singapore, India, Costa Rica and two guidelines from
South Africa).

Data abstraction: analysis of scoring systems

For each guideline, we determined and recorded whether a scoring
system/s was reported within the guideline, the name of the scoring
system/s and what the score was recommended for (ie, to assess
severity, to measure change or to assist with disposition planning).
The frequency of a particular scoring system recommended within
each geographical region was presented as counts and percentages.
If a scoring system was present in only one guideline, this score was
included in the ‘other scores’ category. If a score was present in two
or more guidelines, regardless of the geographical region, the name
of that score was used.

Derivations of original scores and subsequent validation
studies

The original studies outlining the development and purpose of
scoring systems recommended in at least two clinical guidelines
were sourced and categorised into the original validation measure
by the lead author, CG. Bekhof et al in 2014° conducted a syste-
matic review of asthma scoring systems. We included in this review
(online supplemental appendix 1) validation studies since this time,
between November 2011 (the last date of the literature search in the
original publication) and 20 April 2024. It was outside the scope of
this study to assess the quality of the studies as was done by Bekhof.
Data was extracted by the lead author, CG, on the nature and ti-
ming of the validation measures studied.

Patient and public involvement
Patients were not involved in the design of this study.

RESULTS
A total of 158 clinical guidelines were identified. The majority
(95.6%) were obtained from hospitals participating in national
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or regional paediatric emergency research networks; the greatest
number (72%) of guidelines originated from the UK and Ireland
(PERUKI network), Spain (RISEUP-SPERG network) and the USA
(PECARN and PEM-CRC networks). All the guidelines represent
a single institution; however, just over half, 88/158 (55%) of guide-
lines referenced a national or regional guideline. The most refe-
renced national guideline was the British Thoracic Society (BTS)
accounting for 27/57 (47%) of the total guidelines from this region.
Most guidelines were written in English; the most common non-
English language was Spanish. A bedside clinical score was recom-
mended in all guidelines from Spain 34/34 (100%) and Canada 8/8
(100%), and in 27/28 (96%) of guidelines from the USA (figure 1).
In contrast, bedside clinical scores were recommended less com-
monly in guidelines from other research networks, UK and Ireland
4/57 (7%), Australia and New Zealand 1/17 (5%) or from other
countries 8/15 (53%) (Costa Rica, South Africa, France, Nigeria,
Singapore, India). Overall, 83/158 (53%) guidelines recommended
the use of a bedside clinical score for assessment of asthma severity.
The scores recommended in two or more guidelines and the com-
ponents that they assess are outlined in table 1. Of the guidelines
which recommend the use of an asthma score, 98% recommended
the score be used to assess severity on initial assessment. Further
recommendations for the use of an asthma score were to assist with
reassessment after initial treatment (51%) and to guide disposition
(48%). Timing of reassessment recommended varied from 15 min
post initial treatment to every hour during the patient’s ED stay.
The most frequently recommended scores included the pulmo-
nary score (PS) 31/83 37% (all Spanish hospitals and one other
hospital), the Pediatric Respiratory Assessment Measure (PRAM)
score 13/83 16% (all Canadian hospitals and three other hospi-

tals) and the Pediatric Asthma Score 4/83 5% (PAS) as well as the
Pediatric Asthma Severity Score 4/83 5% (PASS), in the USA.

The development and purpose of each of the scores present
in two or more guidelines, as well as further validation studies
(regardless of the network or country they were reported in), are
presented in table 2.

Since the Bekhof paper in 2014, our literature review (detailed
in the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow diagram in online supplemental appendix 1) identi-
fied 10 further studies, with one further study by coauthor, SS, on
initial review of the paper?' (total 11 studies). The most common
validation measure of the scores was assessment of their predictive
ability. The PRAM score has undergone the most extensive valida-
tion with five further trials, including one study which assessed
responsiveness. Other validation works included the PAS in three
studies, the PASS and the CAS in two studies, Wood and Downes
score in one study. While the Wheezing Severity Score is cited in a
paper by Foster et al, 2018 and described as a variation of the PS,?
we were unable to identify any validation of this instrument.

DISCUSSION
This study demonstrates there is considerable variation in the re-
commendation of asthma scores in guidelines around the world.
Asthma scores are commonly recommended in Canada and Spain,
with a near-universal recommendation of a single (but different)
score in each country. In contrast, there is little consistency with
respect to asthma score recommended in the USA, with a large
variety of recommended scores. Additionally, many countries do
not use an asthma score at all. This may be in part, as is the case
in the UK/Ireland, where many of the guidelines are based on an
overarching guideline, the BTS, which does not recommend an
asthma score. An ideal score for use in a clinical practice guideline
has not been established. The principal aim for scores in clinical
guidelines is to assist in categorising an individual into a disease
severity category, guide therapy and measure clinical change after
therapy. Therefore, an ideal score would have good discriminative
ability and responsiveness and have good construct validity. How-
ever, few of the current scores address this need. Only the PRAM,
PASS and CAS assessed their responsiveness in the original valida-
tion studies, and the PRAM is the only score that has undergone
further validation of responsiveness in a single centre of 503 pa-
tients.” In addition, the only two scores that have been assessed for
their discriminative ability are the PAS?and the PRAM.* It is also
common that most of the validation studies are conducted solely
on the scores that were developed in their geographical region.”
The PS was the instrument most often recommended ove-
rall, representing the sole score recommended in hospitals across
Spain. The use of a single scoring system within a geographical
region facilitates communication between healthcare providers
about asthma severity and treatment decisions. The potential ad-
vantage of the PS is its requirement for the measurement of only
three parameters: respiratory rate, wheeze and degree of accessory
muscle use.? A large single-centre retrospective study of the PS

Table 1  Overview of the scores and the components they measure
Pediatric Asthma  Clinical Pediatric Respiratory Wood and Pulmonary Wheezing Pediatric
Severity Score Asthma Assessment Measure Downes score severity score  Asthma score
Component (PASS) score (CAS) (PRAM) score (PS) (WSS) (PAS)
Oxygen Saturation v/ v v
Accessory muscle use v v v v v v 4
Duration of expiratory phase v
Absence/presence of inspiratory breath sounds v
Wheezing v v v v v 4
Heart rate v
Respiratory rate 4 v v
Dyspnoea v
Air entry v
Cerebral function 4
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Table 2  Original derivations and recent validation of asthma scores reported in two or more clinical guidelines

Derivation
Study design and or Discriminative
number of patients validation  Construct validity Predictive validity  validity Responsiveness  Statistics reported
Pediatric Prospective cohort study.  Derivation  To correlate with mild, Mild<5 Measured as a Modest discriminative properties
Respiratory Total n=217 moderate and severe Moderate>5 change in PRAM  Responsiveness r=0.58, p<0.004
Assessment airway obstruction as score correlated
Measure measured by PEFR as the to % change from
Chalut et al”’ gold standard baseline Rf08
Study by Alnaji Secondary analysis of Validation The ability of the score 3-hour PRAM AUC 0.83
etal! prospective data set for at 3hours to predict
children the need for admission
Total n=297 compared with the
initial PRAM at triage
Arnold et al? Single centre prospective  Validation Comparison of The first 2 hours demonstrated
study change in PEFR change; 4 hours demonstrated
Total n=503 compared with ongoing change p<0.0001
PRAM score at2  compared with PEFR, which
and 4 hours. did not
Thaweerujirotand ~ Prospective study Validation Admission versus ROC for PRAM 0.942
Daegsuwan®® Total n=80 discharge
Eggink et al® Prospective study Validation ~ Correlation with single ~ Admission versus No difference.
Total n=50 clinical sign or oxygen discharge Poor for most, slight correlation
saturation or airway with 0, saturation.
obstruction
Johnson et a/”! Prospective observational  Validation Admission versus After treatment, AUC 0.8923
study discharge
Total n=48
Pediatric Asthma  Randomised, double-blind, Derivation Mild 5-7 No statistics provided
Score placebo-controlled study Moderate 8-11
Quereshi et al'? Total n=434 Severe 12-15
Study by Gardiner ~ Secondary analysis of Validation IRR K=0.57
and Wilkinson® prospective data Triage PAS AUC of 0.62-0.65
Total n=101
Study by Jose and  Prospective study Validation  Ability of PAS to correlate p=0.004
Namboodiripad®®  Total n=32 with PEFR
Hulfish and Retrospective chart review Validation Score PICU admission p<0.05
Maloney** Total n=44 versus non-PICU

Pulmonary score
Smith et al2

Paniagua et a/**

Wood and
Downes
Wood et a®

Thaweerujirot and
Daegsuwan®®
Pediatric Asthma
Severity Score
Gorelick et al’’

Ciftci et a*®

Eggnick et al”®

Clinical Asthma
score

Parkin et af*®

Convenience sample
Total n=46

Retrospective study
n=14953

Convenience sample
Total n=18

Prospective study
Total n=80

Correlation between score

and PEFR and oxygen
saturations
n=1224

Convenience sample
Total n=70

Prospective study
Total n=50

Convenience sample
Total n=58

Derivation

Validation

Derivation

Validation

Derivation

Validation

Validation

Derivation

The ability of the PS score
to correlate with PEFR

A score of 6 or more
correlated with a
PCO,>65mm Hg (this
was the criteria for
respiratory failure)

Correlation with single
clinical sign or oxygen
saturation or airway
obstruction

Correlation of score

to three hypothetical
constructs; hospital
stay, amount of inhaled
bronchodilator, pulse
oximetry

admission

Abnormal initial PS
to predict children

who would require
hospitalisation

Admission versus
discharge

Admission versus
discharge

Admission versus
discharge
Comparison for those
who did and did not
go on to get steroids

Admission versus
discharge

Percentage change
in score

Change in score

from admission to

discharge

R=0.57p=0.0003

Initial PS>3 had a strong
association with hospitalisation
OR 8.1 and longer length of stay
OR 6.2 and PICU admission OR 9.

R=0.69, p<0.001

ROC=0.959

AUC to predict hospitalisation
0.82

48% increase in score from start
to finish of treatment, overall
effect size 0.62

Sensitivity 95% for predicting
need for admission

No difference.
Poor correlation.

Correlation with LOS=Spearman'’s
correlation=0.47
Wilcoxon signed rank test p<0.01

Continued
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Table 2 Continued

Derivation
Study design and or Discriminative
number of patients validation  Construct validity Predictive validity  validity Responsiveness  Statistics reported
Ahmareen etal’®  Prospective study Validation Admission versus Diff in admission rates p=<0.001.
Total n=223 discharge and duration No correlation between CAS
of stay in ED value and LOS in ED.
Ciftci et a*® Convenience sample Validation Admission versus Sensitivity 95% for predicting

Total n=70 discharge need for admission.

AUC, area under the curve; CAS, Clinical Asthma score; ED, emergency department; LOS, Length of stay; PAS, Pediatric Asthma Score; PCO,, partial pressure of carbon dioxide; PEFR, Peaked
Expiratory Flow Rate; PICU, Pediatric Intensive Care Unit; PRAM, Pediatric Respiratory Assessment Measure; PS, pulmonary score; R, Pearson’s correlation coefficient; ROC, receiver operator curve.

suggested that initial assessment of PS>3 points is a good predic-
tor of the need for hospitalisation.* However, this instrument had
limited prospective validation because it was developed with the
goal of comparing the score to an established ‘gold standard” of
asthma severity, that is, the pulmonary function tests (PFTs). PFT
is rarely used in the ED setting because preschoolers who repre-
sent 60% of asthma visits to paediatric EDs cannot perform these
tests, and 40% of the school-aged children are also unable to per-
form spirometry (PFTs).? %

The PRAM score was the second most recommended score
in this study. In previous asthma research, it has been used as a
threshold for study eligibility and to measure trial outcomes.”*
Additionally, it has undergone the most extensive external vali-
dation, 27 including its ability to predict disposition and assess-
ment of responsiveness.” 2% A recent study by Thaeweerujirot et
al (n=80) reported a PRAM score of greater than 5 at triage, prior
to any treatment, strongly predicted the need for admission.

However, a similarly sized study by Eggnick and colleagues
(n=50) found there was no statistical difference in the change in
the score, from presentation to 30 min after treatment, between
children that were hospitalised versus discharged.” Further,
PRAM requires palpation of suprasternal and scalene muscle con-
traction not commonly used in the assessment of asthma in EDs.?”’
Future multisite studies may be useful to further clarify the results
of previous PRAM studies.

Limitations

This study was limited to reviewing clinical guidelines from hos-
pitals recruited predominantly through the PERN network, which
may limit generalisability. All the participants were from active
research sites, which may have introduced some bias in the recom-
mendation of asthma scores. In addition, there is under-represen-
tation in both guidelines from non-English speaking countries and
both lower and lower-middle income countries.

Although we conducted a thorough search for derivation and
validation papers relevant to each asthma score, we did not con-
duct a full systematic review. It is possible that some published in-
formation was not identified using our search strategy.

Guidelines were collated in 2018, and it is possible that some
guidelines have changed since the study was conducted. Other
scores with validation data may be less widely recommended in
clinical practice guidelines, for example, the Acute Asthma In-
tensity Research Score which has been compared with the PRAM
score.*®

CONCLUSION

This study demonstrates large international variation in the fre-
quency of asthma scores as well as in the recommendation of spe-
cific scores in guidelines. While many asthma scores have been
recommended in asthma clinical guidelines, the majority have
insufficient validation. Further validation efforts at national and
international levels may clarify their clinical utility for inclusion in
clinical practice guidelines.
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ARTIGO ORIGINAL

Efeitos da oxigenoterapia de longa duracdo nas
exacerbac¢des agudas e na carga hospitalar: o estudo

nacional DISCOVERY

Yet Hong Khor,"**4 Andreas Palm,> Alyson W Wong,®’ Sabina A Guler,? Filip Bjorklund,®
Zainab Ahmadi,® Josefin Sundh, Christopher J Ryerson,®’ Magnus Ekstrom?®

RESUMO

Contexto A oxigenoterapia de longa duracdo (LTOT)
melhora a sobrevivéncia em doentes com hipoxemia grave
em repouso, mas os seus efeitos sobre os internamen-
tos hospitalares sdo desconhecidos. Este estudo avaliou
o impacto potencial do inicio da LTOT nas exacerbacdes
agudas e na carga hospitalar em doentes com doenca
pulmonar obstrutiva cronica (DPOC), doenca pulmonar
intersticial (ILD) e hipertensao pulmonar (HP).

Métodos Anélise longitudinal de doentes consecutivos
da coorte populacional sueca DISCOVERY que iniciaram
LTOT entre 2000 e 2018, com um seguimento > 3 meses.
As exacerbacbes agudas totais e hospitalares da doenca
subjacente, os internamentos por todas as causas e as
consultas externas por todas as causas foram anualiza-
dos e comparados entre 0 ano anterior e 0 ano posterior
a0 inicio da LTOT para cada grupo de doenca, e também
de acordo com o estado hipercapnico nos doentes com
DPOC.

Resultados Os doentes com DPOC (n = 10 134) apre-
sentaram uma reducdo significativa nas taxas anualizadas
de exacerbacdes agudas totais e hospitalares, bem como
nos internamentos por todas as causas apos o inicio da
LTOT. Em contraste, observou-se um aumento dessas taxas
nos doentes com ILD (n = 2507) e HP (n = 850). As con-
sultas externas por todas as causas aumentaram em todos
0s grupos apos o inicio da LTOT. Resultados semelhantes
foram observados em doentes com DPOC hipercapnica e
n&o hipercapnica. As analises de sensibilidade em doentes
com 12 meses de seguimento mostraram uma redugao
das exacerbagbes agudas e dos internamentos por todas
as causas nos grupos com ILD e HP.

Conclusdo A LTOT esta associada a uma reducdo das
taxas de exacerbacGes agudas totais e hospitalares, bem
como dos internamentos por todas as causas em doentes
com DPOC, e também em doentes com ILD e HP com
12 meses de seguimento. No entanto, verificou-se um
aumento das consultas externas por todas as causas em
todos os grupos de doenca ap6s o inicio da LTOT.

INTRODUCTION
Chronic respiratory diseases are a major health
burden worldwide, affecting over 7% of the glo-
bal population with approximately three million
deaths each year.!? Resting hypoxaemia is a key
clinical manifestation of patients with advanced
chronic respiratory diseases. The prevalence of
chronic resting hypoxaemia varies across diffe-
rent disease groups, but is consistently associated
with worse prognosis and increased symptom
burden.**

Long-term oxygen therapy (LTOT) is recom-
mended for patients with chronic severe resting
hypoxaemia, which is prescribed for home use of at

WHAT IS ALREADY KNOWN
ON THIS TOPIC

» Despite the widespread use of long-term
oxygen therapy (LTOT), its impact on
healthcare utilisation remains unknown.

WHAT THIS STUDY ADDS

» Using the Swedish nationwide, popula-
tion-based DISCOVERY cohort, LTOT is
associated with reduced rates of both total
and hospitalised acute exacerbations and
all-cause hospitalisations in patients with
chronic obstructive pulmonary disease
(COPD) with and without baseline hyper-
capnia. Similar observations were noted
in patients with interstitial lung disease
(ILD) and pulmonary hypertension (PH)
who had over 12 months of follow-up.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

» Our results provide supporting evidence
on favourable impact of LTOT for treating
resting hypoxaemia in COPD in reducing
acute exacerbations and all-cause hospita-
lisations, which are important health out-
comes in these populations. Furthermore,
use of LTOT does not appear to adver-
sely increase the risk of acute exacerba-
tions or hospital burden in patients with
hypercapnic COPD. In patients with ILD
and PH, there may be beneficial effects
in those with expected prognosis of 212
months.

least 15 hours per day.’ Two pivotal but small ran-
domised controlled trials from the 1980s demon-
strated survival benefits of LTOT in patients with
chronic obstructive pulmonary disease (COPD)
and severe resting hypoxaemia,®” which is now ex-
trapolated to the management of people with other
chronic diseases, including interstitial lung disease
(ILD) and pulmonary hypertension (PH).>'? Des-
pite widespread use in these and other diseases, the
effects of LTOT on acute exacerbation and health-
care utilisation remain uncertain.
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The aim of this study was to evaluate the impact of LTOT initia-
tion on acute exacerbations of the underlying chronic respiratory
disease, hospitalisations and outpatient visits among patients with
COPD, ILD, and PH. LTOT was hypothesised to be associated with
reduced total and hospitalised acute exacerbations, annualised
rates and cumulative lengths of stay of all-cause hospitalisations,
and annualised rates of all-cause outpatient visits in patients with
COPD, ILD and PH. We further hypothesised that among patients
with COPD, there would be a similar reduction in acute exacerba-
tions and hospital burden following the initiation of LTOT in both
the presence and absence of hypercapnia.

METHODS

Study population

This longitudinal study was conducted using the nationwide, popu-
lation-based DISCOVERY cohort consisting of the Swedish National
Quality Registry of Respiratory Failure (Swedevox) with govern-
mental and other Swedish national registries (online supplemental
e-Methods 1).* We included consecutive patients aged >18 years
who were initiated on LTOT between 2000 and 2018 for physician-
diagnosed COPD, ILD or PH with a follow-up duration of at least 3
months. There was no restriction on the underlying cause of COPD,
ILD or PH. The guideline recommended prescribing criteria for
LTOT included resting arterial blood gas (ABG) on room air sho-
wing partial pressure of oxygen <55 mm Hg or 56 to 59 mm Hg with
evidence of polycythaemia, cor pulmonale, and/or PH."! The COPD
cohort was further subdivided into hypercapnic (245 mm Hg) and
non-hypercapnic (<45 mm Hg) groups using baseline arterial partial
pressure of carbon dioxide (breathing air). For patients with multiple
episodes of LTOT initiation, data from the latest episode were used.

Outcome evaluation

Hospital burden was evaluated in the year prior to and up to 12
months following the initiation of LTOT. Outcomes included total
and hospitalised acute exacerbations of the underlying disease
responsible for LTOT initiation, all-cause hospitalisations and all-
cause outpatient visits. Non-hospitalised acute exacerbations of
the underlying disease were determined based on the medication
prescription records on the National Prescribed Drugs Registry"
as follows for evaluation of total acute exacerbations:

— COPD and ILD: initiation of a prednisolone-equivalent dose

of 220 mg/day or increased dose by >2 times compared with the

preceding month for up to 2 weeks of use;

— PH: initiation or increased dose of furosemide for up to 2

weeks, with or without concurrent initiation of thiazide or potas-

sium-sparing diuretics.

Medication prescriptions that were linked to hospitalisations
were excluded in the definition of a non-hospitalised acute exacer-
bation. Of note, the evaluation of non-hospitalised acute exacerba-
tions was from July 2005 onwards, when the National Prescribed
Drugs Registry was commenced. Hospitalised acute exacerbations
were identified using ICD codes from the Swedish National Patient
Registry (online supplemental e-Table 1). For acute exacerbation-
related and all-cause hospitalisations, the lengths of inpatient stay
were also collected.

Additional data

Additional extracted data from the Swedevox Registry included
patient demographics, smoking status, LTOT initiation date and
indication, baseline ABG and lung function, disease stability status
and WHO performance status at LTOT initiation, and concurrent
use of ambulatory oxygen therapy and long-term mechanical venti-
lation. The disease stability status at LTOT initiation was classified as
chronic stable disease or postacute illness. These data have previously
been validated for accuracy."

Statistical analysis

Statistical analyses were performed using Stata (V.17, StataCorp,
USA). Summary statistics are presented as frequency (%) for cate-
gorical data and mean+SD or median (IQR) for continuous data,
depending on the distribution.

Primary analyses

To account for varying follow-up durations, events of acute exa-
cerbations, hospitalisations and outpatient visits were annualised
for comparison before and after LTOT initiation and then model-
led using the multilevel negative binomial regression models with
random intercept at individual level. This approach was chosen
due to overdispersion of outcome variables (online supplemental
e-Methods 2). Baseline assessments were evaluated at the time of
LTOT initiation for the preceding 12 months. After the initiation
of LTOT, outcomes were evaluated for up to 12 months of follow-
up. For patients who ceased LTOT within 12 months, the outcomes
were divided by the length of follow-up in days and multiplied by
365. The proportions of patients with >1 acute exacerbation, hospi-
talisation and outpatient visit before and after LTOT initiation were
compared using the McNemar test. Adjusted analyses were perfor-
med by including prespecified covariates: age, sex, body mass index,
WHO performance status, the year of LTOT initiation and length
of follow-up, with the addition of the presence of hypercapnia for
the COPD cohort. Concomitant use of non-invasive ventilation was
also adjusted for in the models evaluating the COPD cohort with
and without hypercapnia. Complete case analyses were performed
with no imputation for missing data.

Subgroup and sensitivity analyses

Subgroup analyses were performed according to disease stability
status at LTOT initiation (chronic stable disease vs postacute ill-
ness), adherence to LTOT eligibility (fulfilling and not fulfilling the
prescribing criteria), and the year of LTOT initiation (2000 to 2009
vs 2010 to 2017). Sensitivity analyses were conducted for patients
with 12 months of follow-up.

RESULTS

Patient characteristics

A total of 10 134 patients with COPD, 2507 with ILD, and 850 with
PH were included (figure 1). Patients of different disease cohorts
had comparable age, severity of hypoxaemia, disease stability sta-
tus, and WHO performance status at LTOT initiation (table 1).
The COPD cohort included a greater percentage of ever-smokers,
had worse spirometric measurements and was more likely to have
hypercapnia at LTOT initiation than the ILD and PH cohorts. The
ILD cohort included a smaller percentage of females, compared
with those with COPD and PH. Patients with less than 3 months
of follow-up (online supplemental e-Table 2) and who had hyper-
capnic COPD (online supplemental e-Table 3) were more likely to
have postacute illness at LTOT initiation, compared with the ove-
rall cohort and patients without hypercapnic COPD, respectively.
Over the years, there was increasing proportion of LTOT initia-
tion for ILD and PH over the years (online supplemental e-Figure
1). Between 2% and 6% of patients for different disease cohorts
did not meet the prescribing eligibility criteria for LTOT (table 1).
There were 7430 (73%), 1442 (58%) and 550 (65%) patients with
COPD, ILD and PH, respectively, with 12 months of follow-up.
The median follow-up durations were 1.8 years for patients with
COPD, 1.1 years for patients with ILD and 1.3 years for patients

Assessed for eligibility
N =23064

Excluded (N = 9573)

 Prior to 2000 (n = 5780)

* Less than 3 months of follow-up (n = 2449)
 Other diagnoses (n = 1086)

* Other types of home oxygen therapy (n = 258)

Included for analysis
N =13491

N =10134 N =850
Figure 1  Study flow diagram. COPD, chronic obstructive pulmonary
disease; ILD, interstitial lung disease; PH, pulmonary hypertension.
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with PH, with 1-year mortality rates post-LTOT initiation of 25%,
44% and 32%, respectively.

Acute exacerbation of underlying disease

Annualised rates of total and hospitalised acute exacerbations of the
underlying disease in patients with COPD declined after LTOT initia-
tion, with increment for those with ILD and PH (table 2 and online
supplemental e-Table 4). There was a decline in annualised lengths of
hospital stay for acute exacerbations following LTOT initiation in the
COPD cohort only. However, the proportion of patients with >1 to-
tal and hospitalised acute exacerbations was reduced following LTOT
initiation in all cohorts (online supplemental e-Table 5). Adjusted
analyses of annualised rates of total and hospitalised acute exacerba-
tions, as well as lengths of hospital stay for acute exacerbations, before
and after LTOT initiation showed largely similar findings for the three
disease cohorts (table 3 and online supplemental e-Table 6).

All-cause hospitalisation

Annualised rates of all-cause hospitalisations and lengths of stay de-
creased following LTOT initiation in patients with COPD, but incre-
ased in those with ILD (table 2 and online supplemental e-Table 4).

In patients with PH, there was increased annualised rates of all-cause
hospitalisations but not the lengths of stay. The number of patients
with >1 all-cause hospitalisation for all cohorts reduced during the
year after the initiation of LTOT (online supplemental e-Table 5). In
adjusted analyses, similar annualised rates and lengths of stay for all-
cause hospitalisations before and after LTOT initiation for all cohorts
were observed (table 3 and online supplemental e-Table 6).

All-cause outpatient visit

For all cohorts, annualised rates of all-cause outpatient visits incre-
ased after LTOT initiation (table 2 and online supplemental e-Table
4), although there were no differences in the number of patients
with at least one all-cause outpatient visit (online supplemental e-
Table 5). There were similar increments in annualised rates of all-
cause outpatient visits following LTOT initiation for all cohorts in
adjusted analyses (table 3 and online supplemental e-Table 6).

Hypercapnic and non-hypercapnic COPD groups

Among the COPD cohort, both hypercapnic and non-hypercap-
nic groups had a decline in annualised rates of total acute COPD
exacerbations, as well as annualised rates of and lengths of stay for

Table 1 Baseline patient characteristics
COoPD ILD PH
(N=10134) (N=2507) (N=850)
N Measurement N Measurement N Measurement
Age, years 10134 75 (69, 80) 2507 76 (70, 82) 850 76 (69, 82)
Female 10134 6113 (60) 2507 989 (39) 850 520 (61)
BMI 7748 23 (20, 27) 1981 25 (23,29) 573 26 (23, 30)
Smoking history
Ever-smoker 9619 9245 (96) 2198 1461 (66) 699 429 (61)
Never-smoker 9619 374 (4) 2198 737 (34) 699 270 (39)
Pulmonary function
FEV,. L 6504 0.7 (0.5,1.0) 1676 1.6(1.2,2.1) 450 1.5(1.1,2.0)
VG L 6345 1.8(1.4,2.4) 1659 2.0(1.5,2.6) 442 22(1.7,3.0)
Room air ABG
Pa0,, mm Hg 8880 50 (45, 53) 2019 50 (45, 54) 671 49 (44, 53)
Pa0,, kPa 8880 6.6 (6.0, 7.1) 2019 6.6 (6.0,7.2) 671 6.5(5.8,7.1)
PaC0,, mm Hg 8841 46 (40, 53) 2009 38 (34, 43) 677 37 (32, 44)
PaCo,, kPa 8841 6.1(5.3,7.0) 2009 5.0 (4.5,5.7) 677 49(4.2,5.8)
Hypercapnia*® 8841 4918 (56) 2009 368 (18) 677 144 (21)
Disease stability status at initiation
Chronic stable disease 7191 5088 (71) 1832 1302 (71) 628 459 (73)
Postacute illness 7191 2103 (29) 1832 530 (29) 628 169 (27)
Performance status
WHO 0 8935 617 (7) 2254 153 (7) 747 60 (8)
WHO 1 8935 4052 (45) 2254 1095 (49) 747 377 (50)
WHO 2 8935 2958 (33) 2254 698 (31) 747 203 (27)
WHO 3 8935 1206 (13) 2254 288 (13) 747 101 (14)
WHO 4 8935 102 (1) 2254 20 (1) 747 6(1)
LTOT prescription
Oxygen flow rate 10134 1.5(1,2) 2507 2(1,3) 850 2(15,3)
Usage duration 10134 16 (16, 22) 2507 18 (16, 24) 850 20 (16, 24)
Not meeting eligibilityt 8880 213(2) 2019 121 (6) 671 27 (4)
Ambulatory oxygen use
Yes 9856 4984 (51) 2435 1591 (65) 828 501 (61)

Data are expressed as median (IQR), or n (%).

*Hypercapnia was defined as PaC0, of =45mm Hg

tLTOT prescribing criteria: Resting ABG on room air showing partial pressure of oxygen <55mm Hg or 56 to 59 mm Hg with evidence of polycythaemia, cor pulmonale, and/or PH
ABG, arterial blood gas; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1 second; ILD, interstitial lung disease; LTOT, long-
term oxygen therapy; PaCO,, partial arterial carbon dioxide tension; Pa0,, partial arterial oxygen tension; PH, pulmonary hypertension; VC, vital capacity.
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Table 2 Incidence rate ratios of unadjusted annualised rates of acute exacerbation of underlying disease and all-cause hospital burden before and
after the initiation of LTOT for patients with COPD, ILD and PH
CoPD ILD PH
IRR P value IRR P value IRR P value
Acute exacerbation of underlying disease
Total acute exacerbations 0.80 <0.001 1.31 <0.001 1.25 0.004
Hospitalised acute exacerbations 0.76 <0.001 1.27 <0.001 1.08 0.13
Length of stay for hospitalised acute 0.67 <0.001 1.19 0.001 0.87 0.07
exacerbations (days)
All-cause hospital burden
All-cause hospitalisations 0.86 <0.001 1.30 <0.001 1.10 0.03
Length of stay for all-cause 0.73 <0.001 1.21 <0.001 0.96 0.47
hospitalisations (days)
Outpatient clinic visits 1.15 <0.001 1.16 <0.001 1.31 <0.001

Incidence rate ratios (IRR) refer to the ratio between the event rates before and after the initiation of LTOT.
COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; IRR, incidence rate ratio; LTOT, long-term oxygen therapy; PH, pulmonary hypertension.

hospitalised acute exacerbations following LTOT initiation (online
supplemental e-Table 7). The numbers of patients with >1 total and
hospitalised acute exacerbation of COPD were reduced during the
year following the initiation of LTOT for both groups (online sup-
plemental e-Table 8). Following LTOT initiation, both groups also
had a decline in annualised rates of and lengths of stay for all-cause
hospitalisations, with increased annualised rates of all-cause outpa-
tient visits (online supplemental e-Table 7). On adjusted analyses,
similar observations of reduced acute exacerbations and all-cause
hospitalisations with increased all-cause outpatient visits following
LTOT initiation for both groups (online supplemental e-Table 9).

Subgroup and sensitivity analyses

Subgroup analyses according to the disease stability status at LTOT
initiation, adherence to LTOT eligibility, the year of LTOT initiation
and concurrent use of ambulatory oxygen therapy are presented in
online supplemental e-Tables 10 and 11. Similar observations were
seen for different subgroups analysed for all disease cohorts, with
few exceptions primarily in those who did not meet LTOT eligibility
criteria. Sensitivity analyses for patients with 12-month follow-up
after LTOT initiation revealed similar results compared with the pri-
mary analyses for patients with COPD (online supplemental e-Ta-
bles 12 and 13). In patients with ILD and PH, there were reduced an-
nualised rates of acute exacerbations and all-cause hospitalisations.

DISCUSSION
While LTOT has been used for treating severe resting hypoxaemia
for decades, high-level evidence of its therapeutic effects from ran-

domised controlled trials remains sparse given the ethical impli-
cations of withholding treatment. Using nationwide, population-
based data, the main finding of this study is that initiation of LTOT
was associated with reduced disease-specific acute exacerbations
and all-cause hospitalisations in patients with COPD who had
severe resting hypoxaemia, as well as in those with ILD and PH
who had follow-up of >12 months. Similar therapeutic benefits
were observed in patients with hypercapnic and non-hypercapnic
COPD. This was contrasted with an increase in all-cause outpa-
tient visits across all cohorts following LTOT initiation. Reduced
proportions of patients with >1 acute exacerbation and all-cause
hospitalisation were consistently observed across the disease co-
horts, which could be influenced by decreased follow-up durations
due to the increased attrition rates in those with ILD and PH.
Over 540 million people are affected by chronic respiratory di-
seases, with COPD and ILD being among the most prevalent three
diseases.! Up to 70 million people are estimated to have PH.! !¢
Acute exacerbations are major events in COPD, ILD and PH with
substantial risk of mortality, particularly in patients with greater
disease severity.”-* In-hospital mortality for hospitalised acute
exacerbations is over 4% in COPD," over 50% in ILD,""*and be-
tween 14 and 100% in PH.*® Acute exacerbations also cause subs-
tantial morbidity with worsened symptom burden and quality of
life in patients with COPD, ILD and PH."” 2 Qur study is the first
to show that the use of LTOT is associated with a reduction in both
total and hospitalised acute exacerbations in patients with COPD,
as well as a subset of patients with ILD and PH with >12 mon-
ths of follow-up. This suggests potential benefits of LTOT beyond

Table 3 Incidence rate ratios of adjusted annualised rates of acute exacerbation of underlying disease and all-cause hospital burden before and
after the initiation of LTOT for patients with COPD, ILD and PH
COoPD ILD PH
IRR P value IRR P value IRR P value
Acute exacerbation of underlying disease
Total acute exacerbations 0.78 <0.001 1.25 <0.001 1.25 <0.001
Hospitalised acute exacerbations 0.75 <0.001 1.22 <0.001 1.21 0.003
Length of stay for hospitalised acute 0.63 <0.001 1.06 0.30 0.88 0.20
exacerbations (days)
All-cause hospital burden
All-cause hospitalisations 0.84 <0.001 1.26 <0.001 1.19 0.001
Length of stay for all-cause 0.69 <0.001 1.10 0.03 0.99 0.94
hospitalisations (days)
Outpatient clinic visits 1.14 <0.001 1.13 <0.001 1.30 <0.001

Incidence rate ratios (IRR) refer to the ratio between the event rates before and after the initiation of LTOT.
Covariates for adjustment included age, sex, body mass index, WHO performance status, the year of LTOT initiation and length of follow-up, with the addition of the presence of

hypercapnia for the COPD cohort.

COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; IRR, incidence rate ratio; LTOT, long-term oxygen therapy; PH, pulmonary hypertension.
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mortality, including significant cost savings from the reduction in
hospital admissions and length of hospital stay, as well as likely
improved symptoms and quality of life as a result of reduced total
and severe acute exacerbations.

Healthcare utilisation is doubled in patients with COPD and
ILD compared with age-matched and sex-matched controls.? 2
Pulmonary hypertension consists of five groups of different aetio-
logy with varying healthcare utilisation that is directly associated
with disease severity.” > Our findings confirm previous studies of
reduced all-cause hospitalisations with LTOT in smaller COPD
populations, ¥ with additional evidence of similar effects in selec-
ted patients with ILD and PH. Increments in all-cause outpatient
visits were noted across different disease cohorts. This may reflect
the need for additional support with LTOT and outpatient disease
management in this population. In a previous survey of patients
from the Swedevox Registry, over 70% experienced adverse events
related to LTOT use, with common ones being reduced physical
activity, dry mouth, nasal congestion or dryness, and increased
fatigue.® Of note, there is no requirement for routine outpatient
visits following LTOT initiation in Sweden. This may also indicate
that LTOT allows managing acute exacerbation as outpatients in
some patients, or opportunities to address different health issues
during outpatient visits for LTOT management. LTOT has been re-
ported to account for between 5% and 53% of total healthcare costs
in patients with COPD.?* This variation is due to differences in
COPD disease severity of the study populations, local healthcare
costs and the cost categories included in the evaluation. Neverthe-
less, hospitalisations are the primary driver of healthcare costs,
including in patients with COPD,* ILD**and PH.*** The shift in
the use of healthcare utilisation from hospitalisation to LTOT use
and outpatient visits is likely favourable for the total healthcare
costs. In-depth evaluations of factors for increased all-cause outpa-
tient visits and cost-effectiveness are needed to allow the delivery
of optimal clinical care in patients using LTOT.

Chronic hypercapnia is present in up to 30% of patients with se-
vere COPD.”* Oxygen-induced hypercapnia is a complex pheno-
menon that is caused by ventilation-perfusion mismatching, chan-
ges in minute ventilation, and the Halden effect with a rightward
shift of the carbon dioxide dissociation curve.” *” Uncontrolled
supplemental oxygen therapy during COPD exacerbations is as-
sociated with increased mortality.*®* After LTOT initiation, both
hypercapnic and non-hypercapnic COPD cohorts had similar re-
duction in total and hospitalised acute exacerbations, as well as
all-cause hospitalisations and outpatient visits. The benefits appear
to be more pronounced in patients with hypercapnia on adjusted
analyses. These findings support the safety of LTOT use in patients
with mild-to-moderate hypercapnic COPD. Nevertheless, careful
assessment and monitoring are encouraged to ensure the absence
of worsening hypercapnia or development of respiratory acidosis
with LTOT in this population.*

Treatment effects of LTOT in patients who remain hypoxaemic
postacute illness or without severe resting hypoxaemia are uncer-
tain. Both groups had reduced acute exacerbation-related and all-
cause hospitalisations following LTOT initiation in patients with
COPD, but not in those with ILD and PH. Hypoxaemia following
acute illness or hospitalisation is often limited to only a few days
to a few weeks, resolving in up to 80% of patients at subsequent
assessment between 30 and 90 days.* 2 In the LOTT trial of pa-
tients with COPD and moderate resting hypoxaemia, LTOT did
not affect survival, hospitalisations and acute exacerbations.** Im-
portantly, there are potential adverse effects with LTOT beyond
the associated cost, including physical and psychological impacts
and patient safety considerations such as falls and burn injuries.**
Hence, reassessments following LTOT initiation postacute illness
are necessary, while prescribing LTOT in patients without severe
resting hypoxaemia should generally be discouraged and carefully
considered in individual cases.

A strength of this study is the use of national population data
with a large number of patients for the three disease cohorts. The-
re were no exclusion criteria related to health insurance status or

geographical location. There are some limitations. Definitions for
non-hospitalised and hospitalised acute exacerbations were based
on medication prescription records and ICD codes, respectively,
which can cause diagnostic inaccuracy with either underestima-
tion or overestimation due to misattribution of medication indi-
cation or hospital diagnosis. However, these biases should affect
data for both before and after LTOT initiation equally, and should
not affect the numbers of all-cause hospitalisations and outpatient
visits. Annualised rates of events of interest were calculated and
estimated for patients with a follow-up duration of less than 12
months. Of note, sensitivity analyses using patients with 12-month
follow-up revealed similar findings. Patients with limited follow-
up of less than 3 months were excluded, who may have different
patterns of acute exacerbations and healthcare utilisation. Conco-
mitant disease-specific treatments that may affect health outcomes
could not be determined in this study. Subgroup analyses based on
two separate enrolment periods with likely different contempora-
ry treatments did not identify significant differences. Causes for
outpatient visits, the number of general practitioner visits, and the
cost for community or home care support could not be assessed,
which warrants evaluation in future studies.

CONCLUSION

This large nationwide cohort study provides supporting evidence
on favourable impact of LTOT for treatment of resting hypoxae-
mia in COPD, as well as selected cases of ILD and PH, in reducing
acute exacerbations and all-cause hospitalisations, with an increase
in outpatient visits that likely represents greater ability to manage
acute exacerbations in an outpatient setting when patients are using
LTOT. Use of LTOT does not appear to adversely increase the risk of
acute exacerbations or hospital burden in patients with hypercapnic
COPD. These findings suggest potential improvement in health ou-
tcomes and healthcare costs with LTOT in patients with advanced
chronic respiratory diseases. Cost-benefit analysis is needed to fully
elucidate the value of LTOT to inform clinical practice and guide-
lines.
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ARTIGO ORIGINAL

Associacao entre asma e diabetes tipo 2 numa
populacao adulta sueca: um estudo transversal

baseado em registos

Mwenya Mubanga,'? Tong Gong,' Awad | Smew,' Amanda Wikstrém," Emma Caffrey
Osvald," Katarina Eeg-Olofsson,*> Christer Janson,® Cecilia Lundholm," Catarina

Almqvist'?

RESUMO

Objetivo A asma e a diabetes tipo 2 sdo duas causas
importantes de morbilidade a nivel global. Examinamos
a associacdo entre a diabetes tipo 2 e a asma em adultos
suecos, bem como a co-agregacao familiar destas doen-
cas.

Métodos Realizdmos um estudo transversal com todos
os adultos entre os 25 e 0s 85 anos na Suécia, entre 2009
e 2013. A presenca de asma e diabetes tipo 2 foi deter-
minada através dos registos de satide. Os modelos foram
ajustados para sexo, idade, nivel de escolaridade, rendi-
mento e palis de nascimento e, numa subamostra, tam-
bém para o indice de massa corporal (IMC). Realizdmos
ainda uma analise de co-agregacdo familiar para deter-
minar se fatores familiares partilhados poderiam explicar
0s resultados observados.

Resultados O estudo incluiu 5 299 245 participantes,
dos quais 25 292 (0,5%) tinham simultaneamente asma
e diabetes tipo 2. Na populacdo total, a razdo de proba-
bilidades (OR) para a associagdo entre diabetes tipo 2 e
asma foi de 1,47 (IC 95%: 1,45 a 1,49); entre os homens
foi de 1,30 (IC 95%: 1,27 a 1,32) e entre as mulheres
1,63 (IC 95%: 1,60 a 1,66). As ORs foram ligeiramente
mais elevadas entre os homens (1,51) e mulheres (2,04)
com medicées de IMC disponiveis, mas atenuaram-se
apos o ajuste para o IMC: 1,45 (IC 95%: 1,40 a 1,51)
nos homens e 1,76 (IC 95%: 1,68 a 1,84) nas mulheres.
A diabetes foi mais provavel em individuos cujo irmao de
sangue tinha asma, em comparagao com aqueles cujos
irmaos nao tinham (OR: 1,13, 1C 95%: 1,10 a 1,15).
Conclusdes Encontrdmos uma associacdo entre asma
e diabetes tipo 2 que se manteve mesmo apds o ajuste
para 0 IMC, o que indica que o IMC, por si s, ndo explica
esta relacdo. Verificdmos também que as duas condicoes
co-ocorrem entre irmaos, sugerindo que a associagao se
deve, em parte, a fatores genéticos e ambientais familia-
res partilhados.

INTRODUCTION

Asthma and type 2 diabetes are two complex and
prevalent diseases, each constituting a signifi-
cant public health problem. Studies have shown
that both may coexist in the same individual,'”
and it is hypothesised that this may be due to se-
veral possible mechanisms. Both conditions share
in common a sustained proinflammtory state,**
which may or may not be associated with obe-
sity.2¢” Asthma is associated with the upregulation
of multiple proinflammatory cytokines, possibly
through the activation of nuclear factor (NF)-«B,
such as interleukin (IL)-4, IL-5, IL-6, IL-13 and
IL-17, tumour necrosis factor (TNF)-a and dif-
ferent adhesion molecules.®® It has been proposed
that constantly raised levels of these cytokines may
cause insulin resistance, drive systemic inflam-
mation and consequently result in type 2 diabe-
tes.>>1%11 There is also evidence that asthma is a
systemic disorder with significant cross-commu-

WHAT IS ALREADY KNOWN ON
THIS TOPIC

» There are conflicting findings regarding the
within-person association between asthma
and type 2 diabetes, but little is known
about the possibility of familial coaggrega-
tion of both diseases.

WHAT THIS STUDY ADDS

»Shared familial risk factors explain some of
the association between type 2 diabetes and
asthma.

» BMI is an important confounder in the
within-person association between asthma
and type 2 diabetes.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

» This There needs to be an increased index of
suspicion for asthma and type 2 diabetes in
family members.

nication through inflammatory mediators to other
distant organs.®*’ Further, hormone imbalances as
observed in hyperleptinaemia, leptin resistance
and hyperinsulinaemia are important in the de-
velopment of both asthma and type 2 diabetes.>'>"?
Insulin plays an important role in physiological
lung development, supporting alveolarisation. In
hyperinsulinaemia, the levels interfere with lung
development and maturation, while facilitating a
proasthmatic immune environment.' ®

The underlying factors associated with asthma,
and independently with type 2 diabetes, are known
to be dependent on several risk factors,®'® with the
phenotypic expression being modified by genetic and
environmental factors.! '* An important common risk
factor for both diseases is obesity. Evidence exists for
the shared genetics between asthma and obesity,"” and
similarly, type 2 diabetes is a trait strongly correlated
with obesity.'® While previous studies have shown
conflicting findings regarding the within-person re-
lationship between asthma and type 2 diabetes, to
the best of our knowledge, there have been very few
studies that have attempted to study the possibility of
familial coaggregation of both diseases.

Familial coaggregation studies offer evidence for
familial clustering of two diseases, allowing inves-
tigators to test for the presence of shared genetic
and/or environmental factors that may contribute
to this association.' To further advance the under-
standing of the relationship between asthma and
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type 2 diabetes in the Swedish population, we carried out a popu-
lation-based cross-sectional study using the rich Swedish national
registers, with the aim of examining both the association of type
2 diabetes with asthma in adults in this population regarding the
familial coaggregation of the diseases.

METHODS

Study design

We conducted a register-based cross-sectional study with pro-
spectively recorded data that included all Swedish singleton adults
born between 1924 and 1984 (n=8 163 216). All participants had
to be alive and residents of Sweden for the full duration of the
study between January 2009 and December 2013.

Participants were identified using the Register of the Total
Population with information on birth, migration and civil status
of all Swedish residents.”” From the population of 8 163 216, we
excluded people who died before 1 January 2014 (n=1 138 473),
those who had not resided in Sweden during the full duration of
the study (n=432 199) to ensure complete coverage of diagnoses
and medication in the registers and those who emigrated from
Sweden (1 045 242). It was possible to extract information on
physician-diagnosed asthma or type 2 diabetes from the National
Patient Register” and the Swedish Prescribed Drug Register.”! The
National Patient Register has had complete coverage for inpatient
hospital diagnoses since 1987, and approximately 80% of outpa-
tient specialist care visits since 2001. The Swedish Prescribed Drug
Register has been available since July 2005 and contains informa-
tion on drugs indicated for treatment which have been dispensed
at pharmacies in Sweden.

Further, all participants who had a diagnosis of type 1 diabetes
in the National Patient Register or were dispensed relevant medi-
cation from the Swedish Prescribed Register were also excluded.
Type 1 diabetes was defined as the International Classification of
Diseases (ICD)-10 E10 and/or insulin or insulin analogues (Ana-
tomical Therapeutic Chemical (ATC) A10A), without any other
blood glucose-lowering drugs ever? (n=85 213).

Due to the overlap in medication for asthma and chronic ob-
structive pulmonary disease (COPD), we additionally excluded
172 917 participants with COPD in either the National Patient
Register (ICD-10 J44) or the Swedish Prescribed Drug Register
(ATC codes RO3AL (beta-2 agonists in combination with anti-
cholinergics including triple combinations with corticosteroids)
and R0O3BB (anticholinergics)). Finally, we also excluded everyone
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missing socioeconomic information from the registers (n=59 927).

We further distinguished between type 2 diabetes as defined by
ICD-10 E11, and other forms of diabetes. These ‘other’ forms include
malnutrition-related diabetes, gestational diabetes, unspecified diabe-
tes or anyone on mixed insulin and oral hypoglycaemic medications.
The other forms of diabetes were included under an extended diabetes
definition. Of the 288 573 participants found with diabetes, 21 625
were identified with other forms of diabetes (extended diabetes). The
exclusion left a final population of 5 229 245 (figure 1).

Information on family relations (full siblings) was further identi-
fied from the Multi-Generation Register.” First, both biological pa-
rents’ personal identity numbers were used as the nuclear family ID
to identify all sibling pairs. For families with more than two siblings,
we have generated all possible sibling pairs for comparison (eg, six
pairs for a three-sibling family who share the same family ID would
be identified: sib1-sib2, sibl-sib3, sib2-sib3, sib3-sib2, sib3-sibl and
sib2-sibl). The pairs of full siblings within the study population
who fell into the age category 45-78 in 2009 were then selected and
included in the family coggregation analyses (n=3 153 219), out of
whom 750 153 were full brothers and 822 241 were full sisters.

Body mass index (BMI) was only available for a subset of the
population. It was possible to retrieve information on BMI for a
subset of men from the Swedish Conscription Register enlisted
between 1967 and 2001 (n=1 535 814; 29.0% of the total popula-
tion). This register includes information on all military conscripts
around 18 years of age.” We then extracted information on BMI
for pregnant women in the Medical Birth Register (n=1 223 304;
23.1% of the total population). The register reports >98% of all
births in Sweden annually (established 1973) and includes mater-
nal information such as BMI in early pregnancy at the first antena-
tal booking from 1982 and onwards® (figure 1).

The Longitudinal Integration Database for Health Insurance and
Labor Market Studies includes microdata about highest attained
education and income by calendar year.? We used it to extract infor-
mation on socioeconomic status measured as education and house-
hold disposable income in 2011. Further information regarding the
registers is included in the online supplemental material.

Dependent variable

Type 2 diabetes was defined as either physician-diagnosed in the
National Patient Register20 ICD-10 code E11 (n=155 396) and/or
as blood glucose-lowering drugs except insulin (ATC-code A10B)
in the Swedish Prescribed Drug Register (n=263 686). All cases

Swedish Adults
Born 1924 -1984
N=8,163,216

Exclude:
Died before 2014 — 1,138,473
Migrated into Sweden after 2005 — 432,199

Migrated out of Sweden before 2014 - 1,045,242
COPD - 172,917

T1D-85213

Missing socioeconomic information = 59,927

Women from Medical Birth Register
N=1,223,304

Aged 25 to 78 in 2009 Outcomes

Outcomes

Neither asthma nor diabetes: 1,108,035 (90.6)
Asthma: 92,070 (7.5)

Diabetes: 19,702 (1.6)

Both asthma and type 2 diabetes: 3,497 (0.3)

Asthma: 334,680 (6.4)

Eligible Participants from the Total Population using
E11 &/or A10B definition of diabetes
N=5,299,245
Aged 25 to 85in 2009

Neither asthma nor diabetes: 4,627,617 (88.5)

Diabetes: 241,656 (4.6)
Both asthma and type 2 diabetes: 25,292 (0.5)

Men from Conscription Register
N=1,535,814
Aged 26 to 85 in 2009

Outcomes

Neither asthma nor diabetes: 1,413,082 (92.0)
Asthma: 79,286 (5.2)

Diabetes: 40,001 (2.6)

Both asthma and type 2 diabetes: 3,445 (0.2)

Figure 1

Eligibility flow chart. COPD, chronic obstructive pulmonary disease; T1D, type 1 diabetes.
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had to fulfil the definition of current disease at any time between
2009 and 2013.

For additional analysis, we also identified all the other types of
diabetes mellitus (extended diabetes definition) based on ICD-10
E11 in addition to the other non-insulin dependent definitions of
diabetes including gestational diabetes 024 (3442), malnutrition-
related diabetes mellitus ICD-10 E12 (n=126), other specified dia-
betes mellitus ICD-10 E13 (n=795) and unspecified diabetes mel-
litus ICD-10 E14 (n=17 424, online supplemental table 1).

To compare the association between asthma and diabetes using
the different drug groups used to treat type 2 diabetes; we further
identified biguanides (ATC A10BA; n=248 029), sulfonylureas (ATC
A10BB; n=71 821), thiazolidinediones (ATC A10BG; n=7915) and
combined oral hypoglycaemic use (ATC A10BD; n=6113).

Independent variable

Asthma was identified in the National Patient Register as ICD-10
J45 or J46 and/or identified in the Swedish Prescribed Drug
Register as inhalations of selective B2-adrenoreceptor agonists
(ATC RO3AC), glucocorticoids (R03BA), fixed combinations
of B2-agonists and glucocorticoids (RO3AK) and leukotriene
receptor antagonists (R03DC) according to a previously validated
algorithm (n=359 972).” It was not possible to determine which
individuals had previously been diagnosed with paediatric asthma
as the Swedish Prescribed Drug Register has only been in existence
since 2004 and would not cover childhood for all participants.

Covariates

Covariates were selected based on a directed acyclic graph (figure 2).
Variables identified included age (continuous variable), sex (male/fe-
male), education level (primary <9 years, secondary 10-12 years, ter-
tiary >12 years) and country of birth (Sweden, other Nordic country,
non-Nordic country). Income was categorised into quintiles by birth
year (1=lowest, 5=highest). This variable was created by dividing the
annual household income into five groups, divided by quintiles, from
lowest income to highest for each birth year. BMI was categorised as
underweight (<18.5 kg/m?), healthy weight (18.5-24.9 kg/m?), over-
weight (25.0-29.9 kg/m?) and obesity (=30 kg/m?)).

[

Statistical analyses

Logistic regression was used to estimate ORs with 95% Cls exam-
ining the association between type 2 diabetes (dependent variable)
and asthma (independent variable) with cluster-robust sandwich
estimator to account for dependencies between siblings. In the first
part of the study, this was done to measure within-person associa-
tion in the total population, in only the men and then only in the
women. Adjustment was made in three steps in the total popu-
lation. First, we adjusted for age (continuous); then age and sex;
then fully adjusted for age, sex, education level, income and birth
country. We then repeated all three steps in a subset of the men
only and women only populations, additionally adjusting for BMI.

In the second part of the study, we estimated the familial co-
aggregation of type 2 diabetes (dependent) and asthma (inde-
pendent). Using logistic regression with cluster-robust sandwich
estimator to account for dependencies between sibling pairs, we
estimated ORs and 95% ClIs of type 2 diabetes in siblings of in-
dex persons with asthma compared with siblings of index persons
without asthma. We adjusted for sex, age, siblings’ asthma, income
and education level. The analysis was done in the population of
full siblings, among pairs of brothers, pairs of sisters and pairs of
siblings of the opposite sex. If an index case had more than one
eligible sibling, these were analysed as separate siblings’ pairs.

In a sensitivity analysis, we repeated the analysis estimating the
association between an extended definition of diabetes (depen-
dent, see exclusion above) and asthma (independent). We also es-
timated the association between asthma and diabetes treated with
oral hypoglycaemic drugs (biguanides, sulfonylureas, thiazolidi-
nediones and mixed oral hypoglycaemic drug use).

All analyses were conducted using Stata V.16.

RESULTS

Out of 5229 245 Swedish residents, 2 577 583 (49.3%) were male,
2 086 792 (39.9 %) were aged between 45 and 65, and 4 527 082
(86.6%) were born in Sweden. Additionally, 334 680 (6.4%) of the
adults had asthma only, 241 656 (4.6%) had type 2 diabetes only
and 25 292 (0.5%) had both asthma and type 2 diabetes. The base-
line features of the study participants are detailed in table 1. We

s
Family history of atopy

-
577

/ Education Level

Figure 2 Directed acyclic graph. BMI, body mass index.
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Table 1 Baseline characteristics*
Total population No asthma or diabetes Asthma only Diabetes only Both asthma and diabetes
Characteristics
Number (%) 5229245 (100) 4627617 (88.5) 334680 (6.4) 241656 (4.6) 25292 (0.5)
Sex
Male 2577583 (49.3) 2293656 (49.6) 130918 (39.1) 142226 (58.8) 10783 (42.6)
Age category
<45 2140963 (40.9) 1986918 (42.9) 130987 (39.1) 20332 (8.4) 2726 (10.8)
45-65 2086792 (39.9) 1821035 (39.4) 138491 (41.4) 114709 (47.5) 12557 (49.6)
>65 1001490 (19.2) 819664 (17.7) 65202 (19.5) 106615 (44.1) 10009 (39.6)
Education level
Compulsory 1048647 (20.1) 887141 (19.2) 62928 (18.8) 90116 (37.3) 8462 (33.5)
Secondary 2358918 (45.1) 2092335 (45.2) 150927 (45.1) 104211 (43.1) 11445 (45.2)
Tertiary 1794295 (34.3) 1625178 (35.1) 119513 (35.7) 44513 (18.4) 5091 (20.1)
Missing 27385 (0.5) 22963 (0.5) 1312 (0.4) 2816 (1.2) 294 (1.2)
Quantiles of income
1 (lowest) 1044425 (20.0) 913880 (19.8) 67523 (20.2) 56395 (23.2) 6627 (26.2)
2 1045588 (20.0) 918353 (19.8) 70433 (21.0) 50948 (21.1) 5854 (23.1)
3 1045746 (20.0) 923701 (20.0) 67822 (20.3) 49201 (20.4) 5022 (19.9)
4 1046396 (20.0) 931525 (20.1) 64108 (19.1) 46479 (19.2) 4284 (16.9)
5 (highest) 1047090 (20.0) 940158 (20.3) 64794 (19.4) 38633 (16.0) 3505 (13.9)
Country of birth
Sweden 4527082 (86.6) 4016345 (86.8) 293392 (87.7) 196957 (81.5) 20388 (80.6)
Other Nordic 161453 (3.1) 137249 (3.0) 11973 (3.6) 10911 (4.5) 1320 (5.2)
Other countries 540562 (10.3) 473887 (10.2) 29308 (8.8) 33784 (14.0) 3583 (14.2)
Missing 148 (<0.0) 136 (<0.0) 7 (<0.0) 4 (<0.0) 1(<0.0)

*Describes the characteristics for the population of 5229245 between 2009 and 2013. Education level and quantiles of income are based on LISA data from 2011. Diabetes is

defined as ICD-10 E11 and/or ATC code-A10B.

ATC, Anatomical Therapeutic Chemical; ICD-10, International Classification of Diseases, 10th Revision; LISA, Longitudinal Integration Database for Health Insurance and Labour

Market Studies.

additionally show the baseline characteristics of the total popula-
tion included as having the extended diabetes diagnosis in online
supplemental table 2. Similar to the main study population, out of
5 250 870 Swedish residents, 2 588 027 (49.3%) were male, 2 094
413 (39.9 %) were aged between 45 and 65, and 4 544 298 (86.5%)
were born in Sweden. In the characteristics of the men only and
women only populations in online supplemental table 3; of 1 535
816 men, 1 128 077 (73.4%) had a BMI of 18.5-24.9 and most aged
<45 years (n=950 827; 61.7%); while from the women only cohort,
there were 1 222 304 women with 722 852 (59.1%) of these catego-
rised with a BMI of 18.5-24.9 kg/m2 and most aged <45 (n=708
446; 57.9%).

Asthma and type 2 diabetes (ICD-10 E11 and/or ATC code A10B)
A10B) In participants with asthma, there was an increased odds
of type 2 diabetes observed in the total population on adjustment
for age and sex (OR 1.44; 95% CI 1.42 to 1.46); and in the fully
adjusted model (OR 1.47; 95% CI 1.45 to 1.49). In men among the
total population, an association was observed after age-adjusted
analyses (OR 1.28; 95% CI 1.25 to 1.30), which was sustained even
after full adjustment (OR 1.30; 95% CI 1.27 to 1.32). Similarly, in
the women-only population, an increased odds was observed in
the age-adjusted analyses (OR 1.60; 95% CI 1.57 to 1.63), which
remained even on full adjustment (OR 1.63; 95% CI 1.60 to 1.66).
In the Conscription Register (subgroup of men), we observed that,
like men in the total population, there was an association observed
between asthma and type 2 diabetes. However, on adjustment for
BMLI, there was an attenuation of the observed odds; (age-adjusted
OR, 1.49; 95% CI 1.44 to 1.55 and fully adjusted OR 1.45; 95% CI
1.40 to 1.51). Similarly, in the Medical Birth Register (subgroup of

women), we observed that similar to the women in the total popula-
tion, there was an association observed which attenuated after ad-
justment for BMI (age-adjusted OR 2.04; 95% CI 1.97 to 2.12 and
fully adjusted OR 1.76; 95% CI 1.68 to 1.84) (table 2).

From the full siblings (same mother and father) identified in the
Multi-Generational Register (n=3 153 219), 750 153 were brothers
and 822 241 sisters. Among the full siblings of individuals with one
disease, the prevalence of the other disease was higher. In index
participants who had asthma, the adjusted OR of type 2 diabetes in
their relatives was 1.13 (95% CI 1.10 to 1.15) compared with index
persons without asthma (table 3). Furthermore, full brothers and
full sisters with asthma were at increased odds of type 2 diabetes
compared with the relatives of individuals without other disease
seen in fully-adjusted models (OR 1.12; 95% CI 1.08 to 1.16 and
OR 1.13;95% CI 1.10 to 1.17, respectively).

Sensitivity analysis
Using the extended diabetes definition also including ICD-10 E12,
E13, E14 and 024, online supplemental table 1; we observed, simi-
lar to the previous analysis, increased odds of type 2 diabetes in
all five cohorts—general population, men among total population,
women among total population, men in the Conscription Register
and women in the Medical Birth Register respectively (fully ad-
justed OR 1.47; 95% CI 1.45 to 1.49, OR 1.30; 95% CI 1.27 to 1.32,
OR 1.63; 95% CI 1.60 to 1.66, OR 1.51;95% CI 1.45 to 1.56 and OR
2.04;95% CI 1.96 to 2.11) (online supplemental table 4).
Regardless of whether only the ICD-10 E11 diagnosis or the
drug ATC-A10B and all oral hypoglycaemic drug subgroups were
considered, the odds of type 2 diabetes remained increased (fully
adjusted ORs 1.30 to 1.67), online supplemental tables 5 and 6.
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Table 2  ORs for the within-person association between asthma and type 2 diabetes using a type 2 diabetes definition of ICD-10 E11 and/or ATC

code A10B

Population Model 1 Model 24 Model 3% Model 4%
Population N* Nt included OR (95% ClI) OR (95% CI) OR (95% CI) OR (95% ClI)
Total population 5229245 5201728  Male and female 1.37 (1.36 t0 1.39) 144 (1.42t01.46)  1.47 (1.45to 1.49) -
Total population 2577583 2564529  Male only 1.28 (1.25t0 1.30) - 1.30(1.27 t0 1.32) -
(men only)
Total population 2651662 2637199  Female only 1.60 (1.57 to 1.63) - 1.63(1.60t0 1.66)  —
(women only)
Men from Conscription Register 1535814 1407228  Male only 1.49 (1.44 10 1.55) - 1.51 (1.45 to 1.56) 1.45 (1.40 to 1.51)
Women from Medical Birth Register 1223304 1221637  Female only 2.04 (1.97 t0 2.12) - 2.04 (1.96 to 2.11) 1.76 (1.68 to 1.84)

Model 1: age adjusted.

Model 2: adjusted for age, sex*.

Model 3: adjusted for age, sex*, education level, income, birth country.

Model 4: adjusted for age, sex*, education level, income, birth country, body mass index.

*Total number of people in the specified cohort.

tNumber of participants in full model.

$Sex*: This covariate is not included for the men only and female only cohorts.

ATC, Anatomical Therapeutic Chemical; ICD-10, International Classification of Diseases, 10 Revision.

DISCUSSION

In this population-based cross-sectional study, we found an asso-
ciation between current asthma and type 2 diabetes, with a 47%
higher prevalence of asthma among those with type 2 diabetes.
Although we could not directly account for smoking habits, this
relationship sustained after adjusting for BMI, as well as other
demographic and socioeconomic factors, as observed in both the
male and female populations. The ORs for the female-only popu-
lation were higher than those for the male-only population. Using
different definitions of type 2 diabetes with an extended diabetes
definition based on diagnoses from inpatient and outpatient spe-
cialist care and/or medication dispenses did not seem to change
the observed associations. The familial coaggregation results sug-
gested some shared familial risk factors explaining the association
between asthma and type 2 diabetes.

Comparison with previous studies
The relationship between asthma and type 2 diabetes is considered
bidirectional.?®

Previous studies have shown that there is an increased risk of
type 2 diabetes in patients with asthma?** and of asthma in par-
ticipants with type 2 diabetes.! ! In the cross-sectional study by
Black et al, those with asthma had a higher prevalence of type 2
diabetes.”> Although similar findings were observed in the lon-
gitudinal study by Mueller et al, the association between asthma
and type 2 diabetes was attenuated after adjustment for BMI. The
investigators thus concluded that obesity was an important con-
founder in this association.? In our study, we also found that obe-
sity was a confounder in the relationship between asthma and type
2 diabetes; however, an association still remains.

In the reverse direction, an association has also been observed
between diabetes and adult-onset asthma.’ According to Thom-
sen et al, this association remained even after adjusting for impor-
tant risk factors like smoking, age and BMI.1 According to Baek et
al, despite similar findings, it was observed that only participants
with severe or uncontrolled type 2 diabetes are at higher risk of
developing asthma.’!

Several mediators are possible for the association between asth-
ma and type 2 diabetes. The regular use of oral corticosteroids is

associated with older age at asthma diagnosis.*® Glucocorticoids
are associated with a strong dose-dependent risk for obesity and
type 2 diabetes* and tend to be prescribed in severe asthma. Fur-
ther, asthma is associated with increased production of IL-6. High
levels of chronic systemic IL-6 cause insulin resistance and ge-
neral metabolic dysfunction. IL-6 impairs the phosphorylation of
insulin receptor and insulin receptor substrate-1 by inducing the
expression of suppressor of cytokine signalling-3, a potential inhi-
bitor of insulin signalling.* This is important in the pathogenesis
of type 2 diabetes.

Conversely, in the opposite direction, type 2 diabetes may also
increase the likelihood of asthma. Hyperglycaemia leads to the
production of advanced glycation end-products which induce oxi-
dative stress; the resulting oxidative stress and pro-inflammatory
responses cause microvascular damage and may induce dysfunc-
tion of the alveolar microvasculature.> * This may predispose pa-
tients with type 2 diabetes to asthma. In the Canadian National
Population Health Survey, it was observed that obesity was related
to the development of asthma in women but not in men.”” Obesity
is associated with more severe asthma and may lead to prescri-
bing inhaled corticosteroids more frequently or at higher doses.*
This may lead to a higher risk of type 2 diabetes,” ** although this
was disputed in a Swedish study by Hedberg and Rossner, who
concluded that there was no strong evidence to suggest that mo-
dern pharmacological asthma treatment may contribute much to
the development of obesity in either men or women taking asthma
medication.*! They instead suggested that obesity was a modifiable
risk factor for asthma."!

Furthermore, hyperinsulinaemia, associated with obesity, may
inhibit surfactant A and D production by shifting T cells towards
a Th2-type response, promote mast cell survival and proliferate
and contract airway smooth muscle cells, all predisposing the in-
dividual to asthma.” Additionally, obesity is characterised by a
low-grade systemic inflammation with increased proinflammatory
cytokines and adipokines.*

We went further to expand our findings in the familial co-aggre-
gation where even after controlling for co-occurrence of asthma
and diabetes in full siblings, we found that there are shared fami-
lial factors in this relationship. These shared familial factors could

Table 3  ORs for type 2 diabetes in relatives of individuals with and without asthma

Type of relative Unique index individuals Model 1

Model 2 Model 3

Full siblings (total population) 3153219 1.20 (1.18 t0 1.22)
Full siblings (brothers only) 750153 1.16 (1.12 to 1.20)
Full siblings (sisters only) 822241 1.23(1.191t0 1.27)

1. Adjusted for asthma in relatives and diabetes in index person.
2. Adjusted for sex and age of both relative and index person and asthma in relative.

1.15(1.13t0 1.17)
1.13(1.09 t0 1.17)
1.18(1.14 10 1.22)

1.13 (1.10t0 1.15)
1.12 (1.08 to0 1.16)
1.13(1.10t0 -1.17)

3. Adjusted for sex, age, income, education level and birth country of both relative and index person and asthma in relative.
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be, for example, shared genetic components or lifestyle factors.
A previous study on the association between asthma and type 1
diabetes also found familial coaggregation with estimates of (OR
1.27, 95% CI 1.13 to 1.42).* Although type 1 and type 2 diabetes
have different aetiologies and manifestations, shared familial fac-
tors could still be similar. Future studies using other genetically
informative designs will be able to elucidate how shared familial
factors contribute to asthma and type 2 diabetes. For example, es-
timating shared heritability, linkage disequilibrium score regres-
sion, candidate genes or genome-wide cross-trait analyses will be
instrumental in the understanding of the comorbidity.

Strengths and limitations

The strengths of our study include its large size, inclusion of the
total population and several confounding variables. We also used
BMI to account for some residual confounding. However, we ac-
knowledge that BMI information was only available at antenatal
booking in the Medical Birth Register (for women) and at call-up
in the Conscription Register (for men); the measures were thus
taken several years prior to the study period for many individuals.
However, it has been shown that BMI tends to be consistent over
the life course.

The unavailability of dispensed prescriptions before July 2005
made it impossible to conduct a prospective study, and there
would have been no way of knowing which participants had asth-
ma in childhood. Asthma is known to have its onset in childhood,
with approximately two thirds of children experiencing remission
in childhood. We could not account for this in our study.

Furthermore, we could not account for those who had diabetes
but had not yet filled out a prescription or been given an in-patient
diagnosis. We could not ascertain that other conditions such as
autoimmune diseases may not also coaggregate with asthma and
type 2 diabetes as we were unable to adjust for them. While we
attempted to exclude all individuals with COPD, we did not con-
duct a separate analysis looking at this, as analysing individuals
with COPD would have necessitated a re-evaluation of the study
population and required adjustments to account for differences
in disease onset, confounders and thus extended the scope of our
analysis.

Our findings may certainly have a clinical application. Although
they could be partly due to surveillance bias due to more frequent
healthcare contacts in patients with chronic illnesses, as could be
the case for other studies in the field. The association between
asthma and type 2 diabetes underlines the importance of screen-
ing for diabetes.

CONCLUSIONS

We found an association between asthma and type 2 diabetes that
remained significant also after adjusting for BMI. We also found
that asthma and type 2 diabetes coaggregate in full siblings, in-
dicating that the association is partly due to shared genetic and
environmental risk factors. Thus, the family history of either di-
sorder should indicate ascertainment of the other, and future stu-
dies should further investigate genetic variants underlying the co-
occurrence.
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ARTIGO ORIGINAL

Remissao clinica precoce e o seu papel no declinio
da funcao pulmonar e nas exacerbacoes em
adultos coreanos com asma

Eunhye Bae," Hyun-Jun Park,? Heemoon Park,? Jung-Kyu Lee,® Eun Young Heo,?
Chang Hoon Lee, Deog Kyeom Kim,? Hyun Woo Lee?

RESUMO

Introducéo Apesar dos avancos no tratamento da asma,
muitos doentes continuam a apresentar um controlo defi-
ciente da doenca, declinio da funcdo pulmonar e exa-
cerbacdes frequentes. A remissdo clinica (RC) tem sido
proposta como um novo objetivo terapéutico e marcador
substituto para resultados a longo prazo. Este estudo
avalia se a RC precoce, um ano apds o inicio dos corti-
costeroides inalados (CSI), influencia o declinio da funcéo
pulmonar e o risco de exacerbacdes na asma.

Métodos Este estudo de coorte retrospetivo avaliou 492
doentes com asma tratados com CSI em dois hospitais
universitarios. Os doentes foram classificados em dois
grupos: RC precoce e ndo RC precoce. A RC precoce foi
definida com base num conjunto de critérios compostos,
incluindo auséncia sustentada de exacerbacdes, ndo uti-
lizacdo de corticosteroides sistémicos, controlo dos sinto-
mas e funcdo pulmonar estavel ou melhorada no primeiro
ano apos o inicio dos CSI. Os resultados do estudo foram o
declinio anual do volume expiratdrio forcado no primeiro
segundo (FEV,) e as exacerbagdes moderadas a graves.
Resultados A RC precoce esteve significativamente asso-
ciada a um declinio anual mais lento do FEV, (RC com
4 componentes, B ajustado = 31,6 mlL/ano, p = 0,001;
RC com 3 componentes, B ajustado = 15,7 mL/ano, p
= 0,043). Os beneficios da RC precoce com 4 compo-
nentes na atenuacao do declinio anual do FEV, foram
mais evidentes em fenotipos especificos, incluindo asma
tipo 2 elevada, limitacdo persistente do fluxo aéreo, asma
grave e doentes que necessitam de antagonistas musca-
rinicos de longa duracdo como terapéutica adicional. A
RC precoce com 4 componentes esteve associada a um
risco reduzido de exacerbagbes moderadas a graves (HR
ajustado = 0,591, p = 0,011) e de exacerbacdes graves
(HR ajustado = 0,508, p = 0,025).

Conclusdes Alcancar a RC no prazo de um ano apds o
inicio dos CSI esteve associado a preservacao da funcéo
pulmonar e a reducdo do risco de exacerbacdes. Estes
resultados sugerem a importancia de alcancar a RC pre-
coce como objetivo clinico na gestao da asma.

INTRODUCTION

Asthma is a chronic inflammatory disorder of
the airways, characterised by variable and recur-
ring symptoms, reversible airflow obstruction and
bronchial hyper-responsiveness. Despite advances
in therapeutic strategies, a considerable propor-
tion of asthma patients continue to experience
poor disease control, accelerated lung function
decline and frequent exacerbations.'”* Individual
responses to inhaled corticosteroids (ICSs) vary
considerably according to the underlying pheno-
typic heterogeneity of asthma.*® This phenotypic
heterogeneity is associated with diverse inflam-
matory patterns and endotypes, among which
eosinophilic and non-eosinophilic subtypes
are particularly prominent.® The patterns of

WHAT IS ALREADY KNOWN
ON THIS TOPIC

» Clinical remission (CR) has been propo-
sed as a critical therapeutic goal in asthma
management. However, evidence on the
long-term influence of CR on attenuating
lung function decline and reducing risk of
exacerbations remains limited.

WHAT THIS STUDY ADDS

» Achieving early CR within 1 year of inha-
led corticosteroid initiation is associated
with slower lung function decline and a
lower risk of exacerbations. The benefits
of early CR on attenuating annual forced
expiratory volume in 1 s decline were
more pronounced in patients with type-2
high asthma, persistent airflow limitation,
severe asthma and those on add-on long-
acting muscarinic antagonists.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

» This study underscores the importance
of early CR as a clinical goal and highli-
ghts the need for personalised asthma
management strategies. These findings
can inform clinical guidelines and drive
future research on improving long-term
outcomes in asthma patients.

pathobiological inflammation in asthma patients
are linked to disease severity, airway remodelling
and comorbidities, all of which reportedly influ-
ence treatment outcomes.*®”

Disease modification in asthma refers to stra-
tegies aimed at altering the natural trajectory of
the disease by suppressing airway inflammation,
mitigating structural changes and preserving lung
function.® In this context, clinical remission (CR)
has been highlighted as a novel treatment goal
for asthma management. Unlike traditional goals
such as symptom control or exacerbation preven-
tion, CR encapsulates sustained symptom resolu-
tion, stabilisation of lung function and minimal
therapeutic burden.” Given the phenotypic and
endotypic heterogeneity in asthma, it is necessary
to evaluate whether CR can be considered as a
treatment goal to improve long-term outcomes in
asthma patients treated with ICS.
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Lung function decline and asthma exacerbations can serve as
indicators of how effectively underlying pathological inflamma-
tion is being controlled. Lung function decline, particularly the
annual rate of decline in forced expiratory volume in 1 s (FEV ),
is an indicator closely associated with airway remodelling and
airway hyper-responsiveness in asthma.! Asthma exacerbations
reflect inadequate disease control and link to accelerated lung
function decline.! These clinical outcomes are associated with the
prognosis of asthma patients.'?'* However, the long-term influence
of CR on attenuating lung function decline and reducing the risk
of exacerbations has been insufficiently explored.

Therefore, this study aimed to evaluate the long-term clinical
outcomes associated with achieving CR within 1 year after ICS
initiation, with patients stratified into early and non-Early CR
groups.

METHODS

Study design and participants

Our study adhered to the principles delineated in the Streng-
thening the Reporting of Observational Studies in Epidemiology)
statement.'*

Study design and participants

The present retrospective cohort study evaluated asthma patients
at two teaching hospitals between January 2010 and December
2023. The inclusion criteria were as follows: (1) patients diagnosed
with asthma aged 18 years or older, (2) treatment with ICS during
the observation period, (3) annual laboratory tests and spirometry
measurements performed using consistent methodologies and (4)
a minimum follow-up duration of 2 years. Asthma diagnosis was
confirmed based on the presence of variable respiratory symp-
toms and evidence of variable expiratory airflow limitation, as
defined in the Global Initiative for Asthma (GINA) 2024 report':
Variable expiratory airflow limitation was confirmed by meeting
one or more of the following criteria: (1) positive bronchodilator
responsiveness (BDR), defined as an increase in FEV, of >12%
and 2200 mL following the administration of 400 ug salbutamol;
(2) improvement in lung function after treatment, defined as
an increase in FEV of 212% and >200 mL following 4-8 weeks
of controller therapy (eg, ICS or ICS-long-acting beta-agonist
(LABA)) or (3) excessive variation in lung function between visits,
characterised by documented variability in FEV | of >12% and >200
mL on at least two occasions over time. Outpatient visits for exa-
cerbation monitoring and symptom control evaluation occurred at
least three times per year for all patients.

Variables

Baseline characteristics were collected, including age, sex, body
mass index, smoking status and cigarette pack-years in ever-
smokers, and socioeconomic status. Underlying comorbidities
such as chronic rhinosinusitis and nasal polyp were identified, and
the Charlson comorbidity index was assessed. Emphysema, bron-
chiectasis and interstitial lung disease or interstitial lung abnor-
malities were evaluated based on radiologists’ reports from chest
CT scans. Laboratory data included blood eosinophil counts, total
IgE levels, positivity for specific IgE and fractional exhaled nitric
oxide (FeNO) levels. Spirometric assessments were performed
including prebronchodilator and postbronchodilator FEV , forced
vital capacity (FVC), FEV /FVC ratio and BDR.

Clinical features were assessed at 1 year after initiating ICS
therapy to allow for an adequate observation period necessary
to reliably determine asthma severity and the appropriateness of
the treatment regimen.'® These assessments included clinical phe-
notypes of asthma, symptom control status—measured using the
Asthma Control Test (ACT) score—and asthma severity. Type
2-high asthma was defined as the presence of blood eosinophils
2150 cells/uL in conjunction with FeNO>25 ppb. Conversely, type
2-low asthma was defined as the presence of blood eosinophils
<150 cells/uL and FeNO<25 ppb. Persistent airflow limitation
(PAL) was defined as a postbronchodilator FEV /FVC ratio of <0.7
at the initiation of ICS therapy, measured during stable disease con-

ditions. Asthma severity was assessed 1 year after ICS initiation,
following an adequate observation period to determine the treat-
ment level required for disease control, ensuring it reflects both
intrinsic disease burden and treatment response. Asthma severity
was classified based on the GINA 2024 report.’* Mild asthma was
defined as being well controlled with low-dose ICS, as-needed ICS/
LABA or as-needed ICS with short-acting beta-agonist (SABA).
Moderate asthma was defined as being well controlled with low-
dose or medium-dose ICS/LABA. Severe asthma was defined as
requiring high-dose ICS/LABA or remaining uncontrolled despite
high-dose ICS/LABA. Low-dose, medium-dose and high-dose
ICS were defined in accordance with the GINA 2024 report.'* For
example, budesonide is categorised as low-dose at 200 to 400 pg/
day, medium dose at >400 to 800 pg/day and high dose at >800
pg/day. Treatment regimens were meticulously documented, inclu-
ding the use of LABAs, ICS dosages, specific ICS drugs prescribed,
reliever medications such as ICS-formoterol and SABA, and add-
on therapies such as long-acting muscarinic antagonists (LAMAs),
leukotriene receptor antagonists (LTRAs), theophylline and sys-
temic corticosteroids.

Patient group definition

The index date was defined as the initiation of ICS therapy, and CR
was evaluated over a 1-year exposure assessment window postin-
dex. CR was assessed using two definitions: (1) 4-component CR,
requiring the absence of asthma exacerbations, well-controlled
asthma symptoms (ACT score >20), no need for systemic corti-
costeroids and stable or normal lung function (postbronchodilator
FEV, decline <5% predicted or postbronchodilator FEV,>80% pre-
dicted) and (2) 3-component CR, defined similarly but excluding
the lung function criterion.”” Patients were classified as either early
CR or non-early CR based on whether CR was achieved at 1 year
after ICS initiation.

Outcomes

The study outcomes were the annual rate of FEV, decline (mL/year)
and acute exacerbation events. The evaluation of study outcomes
commenced 1 year after the initiation of ICS treatment. The seve-
rity of asthma exacerbations was classified based on the previous
guidance.18 Moderate asthma exacerbations were defined by at least
one of the following: (1) deterioration in symptoms, (2) deterioration
in lung function or (3) increased use of reliever medication. Severe
asthma exacerbations were defined as either (1) the use of systemic
corticosteroids or (2) hospitalisation or an emergency room visit.
Moderate-to-severe exacerbations were defined as the occurrence of
at least one moderate or severe asthma exacerbation.

Statistical analysis

Between-group comparisons were conducted using the x* test or
Fisher’s exact test for categorical variables and Student’s t-test or
Wilcoxon rank-sum test for continuous variables.

The annual rate of FEV, decline was analysed using univariable
and multivariable linear mixed-effects models. Subgroup analyses
were performed to evaluate the impact of early CR on the annual
FEV, decline rate across specific phenotypes, including type 2-high
or type 2-low asthma, asthma with PAL, asthma severity, type
of reliever medication (ICS-formoterol or SABA) and the use of
add-on LAMA therapy.

The time to exacerbation event was analysed with Kaplan-Meier
survival curves. Univariable and multivariable HRs for exacerba-
tions were estimated using Cox proportional hazard models.

To identify confounding factors and ensure robust multivariable
analyses, we constructed a directed acyclic graph to map the causal
relationships between early CR achievement, study outcomes
and other covariables (online supplemental information 1). We
performed sensitivity analyses for unmeasured confounding using
Oster’s Delta Method for beta-coefficient and E-values for HR to
estimate the robustness of our findings against potential unmea-
sured confounding.

Statistical significance was defined as a p<0.05. Data analyses were
performed using R statistical software (V.4.4.1).
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[ 607 patients diagnosed with asthma ]

115 were excluded:

+ 100 patients with a follow-up period
less than 2 year

« 14 patients without follow-up
spirometry measurement

« 1 under 18 years old at the time of first
ICS use

r

|

492 patients diagnosed with asthma who
were followed up for at least 2 years

~N

J

Early 3-component CR
group (n=100, 20.3%)

Early 4-component CR
group (n=76, 15.4%)

Figure 1

RESULTS

Study population

A total of 607 patients with asthma were assessed for eligibility in
this study (figure 1). Of these, 100 patients were excluded due to a
follow-up period of less than 2 years, 14 patients did not undergo
annual spirometric assessments during the observation period and 1
patient was diagnosed with asthma before the age of 18. This resulted
in a final cohort of 492 patients who were eligible for the present
study. These patients were stratified into two groups based on CR
achievement at the 1-year follow-up time point: 100 patients (20.3%)
were classified into the early 3-component CR group and 76 patients
(15.4%) were classified into the early CR group. The median follow-
up period was 89 (IQR=35-124) months for the early 4-component
CR group, 95 (IQR=47-127) months for the non-early 4-component
CR group. The percentages of patients meeting specific CR criteria
are summarised in online supplemental information 2.

Baseline characteristics

The baseline characteristics of the early and non-early CR groups
are summarised in table 1 and online supplemental information
3. The early 4-component CR group had a significantly higher
proportion of ex-smokers. Among comorbidities, nasal polyps
were significantly more prevalent in the early 4-component CR
group. Radiological findings showed no significant differences
between groups. In laboratory findings, the early 4-component CR
group showed a slightly higher median blood eosinophil count and
IgE level, although these differences were not statistically signifi-
cant. FeNO levels were comparable between groups. Spirometric
assessments showed no significant differences between the early
and non-early 4-component CR groups in baseline prebroncho-
dilator and postbronchodilator FEV , FVC, FEV /FVC ratio and
BDR.

Clinical features 1 year after ICS therapy

One year after initiating ICS therapy, the early 4-component
CR group demonstrated higher ACT scores (table 2). The early
4-component CR group showed a numerically higher proportion
of type 2-high asthma and lower proportion of severe asthma
without statistical significance. We found no significant differences
in treatment patterns between the early and non-early 4-compo-
nent CR groups. Similar results were found between the early and
non-early 3-component CR groups (online supplemental informa-

[

Non-Early 3-component CR

group (n=392, 79.7%) ]

[

Non-Early 4-component CR

group (n=416, 84.6%) ]

Flow diagram of patient inclusion. CR, clinical remission; ICS, inhaled corticosteroid.

Annual FEV, decline rate

When examining the FEV, over time, the significant differences
between the early CR and the non-early CR groups remained consis-
tent throughout the observation period (all comparisons, p<0.001,
figure 2).

Specifically, the annual FEV, decline rate was significantly atte-
nuated in the early 4-component CR group compared with the
non-early 4-component CR group (adjusted $=31.6 mL/year (95%
CI=12.5 to 51.2, p=0.001)) and in the early 3-component CR group
compared with the non-early 3-component CR group (adjusted
B=15.7 mL/year (95% CI=0.5 to 30.8, p=0.043)), table 3). These
results remained robust even after accounting for potential unme-
asured confounding factors (online supplemental information 5).

Significant interactions were observed in the effect of Early CR
on the annual FEV| decline rate across specific subgroups (table
3). The early 4-component CR group was more associated with a
reduced annual FEV, decline rate in subgroup population with
type 2-high asthma ($=35.7 mL/year (95% CI=2.0 to 69.4, p=0.038,
asthma with PAL (f=43.3 mL/year (95% CI=23.6 to 63.5, p=0.023)),
severe asthma (B=31.4 mL/year (95% CI=1.2 to 61.9, p=0.044)) and
those treated with add-on LAMA (B=15.5 mL/year (95% CI=6.6 to
24.3, p<0.001)). The early 3-component CR group was more asso-
ciated with a reduced annual FEV | decline rate in subgroup popula-
tion with asthma with PAL (f=41.5 mL/year (95% CI=11.6 to 71.0,
p=0.006)), severe asthma (f=36.7 mL/year (95% CI=2.5 to 71.6,
p=0.039)) and those treated with ICS-formoterol reliever (f=17.0
mL/year (95% CI=3.2 to 30.3, p=0.014)).

Acute exacerbations

In the Kaplan-Meier curves, the early CR groups had a significantly
prolonged time to first moderate-to-severe exacerbation compared
with the non-early CR groups (early 4-component CR, log-rank
p=0.004; early 3-component CR, log-rank p=0.045; figure 3). Addi-
tionally, the time to severe exacerbation was significantly longer in
the early CR groups compared with the non-early CR groups (early
4-component CR, log-rank p=0.032; early 3-component CR, log-
rank p=0.037).

The early 4-component CR group showed a significantly
reduced hazard for moderate-to- severe exacerbations (adjusted
HR (aHR)=0.591 (95% CI=0.394 to 0.887), p=0.011) in the multi-
variable Cox regression model (table 4). Similarly, the hazard for
severe exacerbations was significantly lower in the early 4-compo-
nent CR group (aHR=0.508 (95% CI=0.280 to 0.920), p=0.025). In

tion 4).
&
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Table 1 Baseline characteristics of asthma patients
Early 4-component CR group (n=76) Non-early 4-component CR group (n=416) P value
Age, years, median (IQR) 64 (58-71) 65 (58-72) 0.711
Male sex, n (%) 60 (78.9) 284 (68.3) 0.084
BMI, kg/mz, median (IQR) 24.4 (20.8-26.0) 23.7 (21.6-25.9) 0.660
Smoking history
Never smoker, n (%) 19 (25.0) 151 (36.3) 0.076
Ex-smoker, n (%) 47 (61.8) 187 (45.0) 0.010
Current smoker, n (%) 10(13.2) 78 (18.8) 0.314
Pack-years in ever-smokers, median (IQR) 30 (15-47) 30 (15-50) 0.789
Socioeconomic status
Medicaid, n (%) 4(5.3) 25 (6.0) 1.000
Underlying comorbidities
Chronic rhinosinusitis, n (%) 20 (26.3) 87 (20.9) 0.369
Nasal polyp, n (%) 3(3.9) 2 (0.5) 0.032
Charlson Comorbidity Index
1,n (%) 24 (31.6) 121 (29.1) 0.763
2-3,n (%) 20 (26.3) 155 (37.3) 0.089
>3, n (%) 32 (42.1) 140 (33.7) 0.197
Radiologic findings
Emphysema, n (%) 31 (40.8) 149 (35.8) 0.485
Bronchiectasis, n (%) 17 (22.4) 112 (26.9) 0.491
ILD or ILA, n (%) 6(7.9) 14 (3.4) 0.128
Laboratory tests
Blood eosinophil count, median (IQR) 249 (133-378) 188 (105-374) 0.144
>300/yL, n (%) 30 (39.5) 139 (33.4) 0.373
Total IgE, median (IQR) 168 (28-683) 130 (33-596) 0.669
Positive for specific IgE, n (%) 39(51.3) 200 (48.1) 0.693
FeNO, median (IQR) 26 (21-40) 27 (16-45) 0.668
>50ppb, n (%) 10(13.2) 47 (11.3) 0.786
Spirometric assessments
Pre-BDR FEV,, L, median (IQR) 2.14(1.78-2.38) 2.03 (1.76-2.30) 0.066
Pre-BDR FEV,, %, median (IQR) 81 (80-84) 82 (80.5-84) 0.118
Pre-BDR FVC, L, median (IQR) 3.10 (2.69-4.00) 3.05 (2.05-3.78) 0.175
Pre-BDR FVC, %, median (IQR) 88 (75-103) 90 (79-103) 0.652
Pre-BDR FEV,/FVC, %, median (IQR) 65 (57-76) 65 (56-75) 0.998
Post-BDR FEV,, L, median (IQR) 2.41 (1.98-2.70) 2.28 (1.96-2.59) 0.056
Post-BDR FEV,, %, median (IQR) 91 (90-94) 92 (90.5-94) 0.099
Post-BDR FVC, L, median (IQR) 3.20 (2.68-4.11) 3.19 (2.52-3.90) 0.294
Post-BDR FVC, %, median (IQR) 90 (81-105) 93 (81-105) 0.384
Post-BDR FEV,/FVC, %, median (IQR) 71 (63-82) 71 (62-82) 0.616
Positive bronchodilator responsiveness, n (%) 45 (59.2) 211 (50.7) 0.216

BDR, bronchodilator responsiveness; BMI, body mass index; CR, clinical remission; FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1 s; FVC, forced vital
capacity; GERD, gastro-oesophageal reflux disease; ILA, interstitial lung abnormality; ILD, interstitial lung disease; ppb, parts per billion.

sensitivity analyses accounting for unmeasured confounding, the
early 4-component CR group demonstrated robust associations with
reduced risks of exacerbations (online supplemental information 6).
While the early 3-component CR group also showed a significantly
reduced hazard for moderate-to- severe and severe exacerbations in
univariable analyses, this statistical significance was not retained in
the multivariable analysis.

DISCUSSION

Our study evaluated the long-term clinical outcomes of asthma
patients according to 4-component and 3-component CR achieve-
ment at 1 year after ICS initiation, focusing on its effects on lung
function decline and exacerbation risk. Our results indicate that

early CR is associated with a significantly attenuated annual decline
in FEV1 compared with non-early CR, with a stronger effect size
observed in the early 4-component CR group than in the early
3-component CR group. Notably, the benefits of early CR on FEV,
decline were more evident in specific subgroups, including patients
with type 2-high asthma, asthma with PAL, severe asthma or those
receiving ICS-formoterol reliever or add-on LAMA therapy. These
findings suggest that the effectiveness of achieving early CR may be
modulated by underlying asthma phenotypes and treatment regi-
mens. In terms of exacerbation outcomes, early CR was linked to a
prolonged time to the first moderate-to-severe and severe exacer-
bation compared with non-CR. Especially, the early 4-component
CR group demonstrated a significantly reduced hazard for both
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Table 2  Clinical features at 1 year following ICS therapy

Early 4-component CR group (n=76) Non-early 4-component CR group (n=416) P value
Asthma phenotypes
Type 2-high asthma, n (%)* 37 (48.7) 156 (37.5) 0.088
Type 2-low asthma, n (%)t 11 (14.5) 87 (20.9) 0.256
Asthma with PAL, n (%)% 36 (47.4) 204 (49.0) 0.886
Symptom control status
ACT, median (IQR) 22 (21-24) 20 (20-22) <0.001
Asthma severity
Mild 8(10.5) 39 (9.4) 0.919
Moderate 60 (78.9) 300 (72.1) 0.273
Severe 8(10.5) 77 (18.5) 0.127
Treatment
Controller
ICS/LABA 70 (92.1) 370 (88.9) 0.534
ICS monotherapy 6(7.9 46 (11.1)
ICS dose
Low-dose ICS 37(51.3) 173 (41.6) 0.147
Medium-dose ICS 29 (38.2) 182 (43.8) 0.436
High-dose ICS 8(10.5) 61(14.7) 0.438
Specific ICS drugs
Beclomethasone dipropionate 2(2.6) 26 (6.2) 0.326
Budesonide 33 (43.4) 156 (37.5) 0.397
Ciclesonide 3(3.9 23 (5.5) 0.774
Fluticasone furoate 12 (15.8) 66 (15.9) 1.000
Fluticasone propionate 26 (34.2) 145 (34.9) 1.000
Reliever
ICS-formoterol 35 (46.1) 182 (43.8) 0.806
SABA 41 (53.9) 234 (56.2)
Add-on LAMA, n (%) 37 (48.7) 202 (48.6) 1.000
Biologics, n (%) 1(1.3) 4(1.0) 1.000
Oral medication
Xanthine, n (%) 24 (31.6) 162 (38.9) 0.276
LTRA, n (%) 32 (42.1) 186 (44.7) 0.768
Oral steroid, n (%) 0(0.0) 13 (3.1) 0.241

*Type 2-high asthma was defined as the presence of blood eosinophils =150 cells/uL along with FeNO=25 ppb.

tType 2-low asthma was defined as the presence of blood eosinophils <150 cells/pL along with FeNO<25 ppb.

+Asthma with PAL was defined as post-bronchodilator FEV,/FVC<0.7 at both the initiation of ICS therapy and 1 year after ICS therapy.

ACT, asthma control test; CR, clinical remission; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; ICS, inhaled corticosteroids; LAMA, long-acting muscarinic
antagonist; LTRA, leukotriene receptor antagonist; PAL, persistent airflow limitation; SABA, short-acting beta-agonist.

moderate-to-severe exacerbations and severe exacerbations, unders-
coring its potential role in reducing future risk of exacerbations. In
contrast, the early 3-component CR group did not show a significant
reduction in hazard of acute exacerbations. These findings highlight
the importance of incorporating stable lung function criteria in defi-
ning CR, as they may provide a more comprehensive reflection of
underlying airway stability and disease control.

CR can be achieved in asthma patients treated with ICS, exten-
ding beyond the conventional concept of ‘good asthma control’
Generally, ‘good asthma control’ aims to minimise symptoms and
manage exacerbation risk.”” When symptom control is maintained
and no exacerbations occur for several months, asthma is consi-
dered well controlled, and ICS dose reduction is often initiated to
minimise long-term adverse effects of ICS." In contrast, CR repre-
sents a more durable absence of symptoms, marked by the elimi-
nation of exacerbations requiring systemic corticosteroids and
stabilisation of lung function for at least a year.!” CR differs funda-
mentally from ‘good asthma control’ by focusing on the elimination
of airway inflammation as a central consideration.” In our study,

early CR is speculated to contribute to reducing underlying patho-
logical inflammation, as reflected by its association with attenuated
FEV, decline and fewer exacerbations. Nonetheless, CR should not
be conflated with concepts like complete remission, cure or disease
modification, which imply the normalisation of underlying patho-
logical states such as small airway remodelling and the absence of
disease signs and symptoms without ongoing treatment®? Additio-
nally, the challenge still remains that CR has been defined variably
across countries and clinical studies, which limits its applicability in
clinical practice.?! 2

The prevalence of CR varies widely across studies, depending on
the definitions and observation periods used. In the patients with
severe eosinophilic asthma, biologics have been shown to induce
CR in 14%-36%, while ICS with or without LABA therapy has
reported CR rates ranging from 4% to 25%.2% A recent meta-
analysis estimated a pooled CR rate of 30%-38% among patients
with severe asthma treated with biologics.” In our study, approxi-
mately 15%-20% of patients met the criteria for early CR, a relatively
lower rate compared with previous reports. This difference may be
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Figure 2 Annual FEV, change according to the CR status. The adjusted annual FEV1 decline rate was estimated using covariables including age, sex,
body mass index, smoking history, Medicaid status, chronic rhinosinusitis, emphysema, bronchiectasis, post-BDR FEV1 (%), type 2-high or type 2-low
phenotype, persistent airflow limitation, Asthma Control Test score, asthma severity, reliever, add-on LAMA, xanthine and LTRA. BDR, bronchodilator
responsiveness; CR, clinical remission; FEV1, forced expiratory volume in 1 s; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor
antagonist.
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Figure 3 Time to exacerbation according to the CR status. CR, clinical remission.

explained by the limited use of biologics and the high prevalence
of respiratory comorbidities in our cohort. Specifically, the use of
biologics was rare, likely contributing to the lower CR rate. Indeed,
the CR rates observed in our study are comparable to those reported
for control groups receiving ICS without biologics in randomised
controlled trials.?** * Conversely, LTRA was used in approxima-
tely 44% of patients, reflecting the frequent use of LTRA in Korean
clinical practice, as previous studies have shown usage rates nearing
50%.* The strict national insurance coverage criteria for biologics in
Korea may explain the preference for LTRA as an alternative.
Additionally, our cohort included a significant proportion of
asthma patients with PAL, reflecting the high prevalence of paren-
chymal destruction observed among asthma patients in Korea.
Although the national smoking burden has been on a declining

trend, it remains substantial.* Furthermore, the prevalence of myco-
bacterial infections in Korea is notably higher than in other deve-
loped countries.*?** Notably, the prevalence of bronchiectasis among
asthma patients in Korea was reported at approximately 17%, a rate
significantly higher than that observed in other populations.**

This study has several limitations. First, as a retrospective cohort
study, it may be subject to bias from unmeasured confounding
factors, despite efforts to adjust for known covariates. Potential
confounders include socioeconomic or environmental factors,
inspiratory flow, inhaler technique, the frequency of medication
adjustments and the duration of treatment adherence assessment.
Second, our study has a risk of selection bias given the predomi-
nance of moderate and severe asthma cases. This phenomenon
likely reflects the patient population typically seen in teaching

Table 4 Cox regression analysis for acute exacerbation

Univariable Cox regression model

Multivariable Cox regression model*

HR (95%Cl) P value HR (95% CI) P value
Moderate-to-severe exacerbation
Early 4-component CR (reference: non-early 4-component CR) 0.569 (0.388 to 0.836) 0.004 0.591 (0.394 to 0.887) 0.011
Early 3-component CR (reference: non-early 3-component CR) 0.714 (0.513 to 0.994) 0.046 0.786 (0.555 t0 1.113) 0.175
Severe exacerbation
Early 4-component CR (reference: non-early 4-component CR) 0.543 (0.308 to 0.957) 0.035 0.508 (0.280 to 0.920) 0.025
Early 3-component CR (reference: non-early 3-component CR) 0.701 (0.501 to 0.981) 0.038 0.709 (0.433 t0 1.163) 0.173

*The adjusted annual FEV, decline rate was estimated using covariables including age, sex, body mass index, smoking history, Medicaid status, chronic rhinosinusitis,
emphysema, bronchiectasis, post-BDR FEV, (%), type 2-high or type 2-low phenotype, persistent airflow limitation, Asthma Control Test score, asthma severity, reliever, add-on

LAMA, xanthine and LTRA.
BDR, bronchodilator responsiveness; CR, clinical remission; FEV,, forced expiratory volume in 1 s; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor
antagonist.
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hospitals. In addition, as the quality of inhaler technique remains
unknown, it is possible that some cases of difficult-to-treat asthma
were included among severe asthma patients, contributing to the
high prevalence of severe asthma observed. Third, the study popu-
lation was limited to patients from two teaching hospitals, which
may restrict the generalisabiity of the findings to broader, more
diverse asthma populations or to those managed in primary care
settings. Fourth, although we stratified patients based on the timing
of CR achievement, longitudinal assessments of airway inflamma-
tion markers, such as sputum eosinophil counts, were unavailable,
limiting our ability to comprehensively evaluate the inflammatory
control associated with CR. Fifth, due to the observational nature
of this study, certain information could not be definitively obtained.
Electronic medical records lacked details on the onset of asthma and
associated symptoms. The prevalence of CRS and nasal polyps may
have been underestimated, as not all patients with nasal symptoms
underwent evaluation by an otolaryngologist. Additionally, causal
relationships between CR timing and long-term outcomes, such as
lung function decline and exacerbation risk, cannot be definitively
established. Prospective studies are needed to validate these findings
and further elucidate the mechanisms by which CR timing impacts
asthma prognosis.

CONCLUSIONS

Our findings suggest that achieving early CR, particularly as defined
by the 4-component criteria, may play an important role in impro-
ving long-term asthma outcomes. Early CR was associated with
slower lung function decline and a lower risk of exacerbations,
reflecting its potential as a comprehensive marker of airway stabi-
lity. These effects were more evident in specific subgroups, such as
patients with type 2-high asthma and PAL, highlighting the impor-
tance of considering individual phenotypes when evaluating CR.
Incorporating early CR as a clinical target would help guide treat-
ment strategies for asthma, though further studies are needed to
validate its broader application.
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ARTIGO ORIGINAL

Impacto da DPOC nos fatores de risco cardiovascular
e nos desfechos em pessoas com doenca cardiovas-

cular estabelecida

Eunice Eunae Cho,"? Laura C Maclagan,® Anna Chu,? Ruth Croxford,? Don D Sin,*
Jacob A Udell, *>¢ Douglas Lee,*"® Peter C Austin,>¢ Andrea S Gershon'#6°

RESUMO

Contexto Sabe-se pouco sobre a associacdo entre a
doenca pulmonar obstrutiva crénica (DPOC) e a doenca
cardiovascular (DCV) em pessoas com DCV j& diagnosti-
cada. Compreender se a DPOC esté associada a um maior
risco de eventos cardiovasculares pode orientar estratégias
adequadas de prevencao secundaria.

Objetivo Analisar o risco de eventos cardiovasculares
adversos major (MACE — enfarte agudo do miocardio,
AVC e morte cardiovascular) em pessoas com DCV conhe-
cida, numa populacdo real abrangente de uma grande
provincia.

Métodos Estudo de coorte populacional retrospetivo, uti-
lizando dados administrativos de salide, medicacdo, ana-
lises laboratoriais, registos médicos eletrénicos e outras
fontes da provincia de Ontério, Canada. Foram incluidas
todas as pessoas com historial de DCV, com e sem diag-
nostico médico de DPOC em 2008, acompanhadas até
2016. Foram comparados fatores de risco cardiovascular,
fatores sociodemograficos, comorbilidades e outros fato-
res. Modelos de risco especifico por causa, ajustados para
estes fatores, determinaram o risco de MACE em pessoas
com DPOC.

Resultados Entre 0s 496 056 individuos com DCV em
Ontério a 1 de janeiro de 2008, 69 161 (13,9%) tinham
DPOC. Os MACE ocorreram com maior frequéncia entre
0s que tinham DCV e DPOC (45,3 por 1000 pessoas-ano)
em comparacao com os que tinham apenas DCV (28,6 por
1000 pessoas-ano), com um hazard ratio (HR) de 1,24 (IC
95%: 1,21-1,26), apos ajuste para fatores de risco car-
diaco, comorbilidades, estatuto socioecondmico e outros
fatores. As pessoas com DPOC tinham menor probabili-
dade de receber medicagdo preventiva para DCV ou de
serem acompanhadas por um cardiologista.

Conclusao Numa grande populacdo real com DCV esta-
belecida, a DPOC esteve associada a uma maior taxa
de eventos cardiovasculares, mas a uma menor taxa de
terapéutica preventiva. Sdo necessarias estratégias para
melhorar a prevencdo secunddaria da DCV na populacdo
com DPOC.

INTRODUCTION

The prevalence of chronic obstructive pulmonary
disease (COPD) has increased, and it is now the
third leading cause of death worldwide.! Cardio-
vascular disease (CVD) is a leading cause of hos-
pitalisation and death in the COPD population,**
with people with COPD being two times as likely
to require healthcare services for (CVD) compared
with people without COPD.?

Many studies have established the independent
association between COPD and/or reduced lung
function and CVD.*'® Previous studies, however,
have considered both people with and without pre-
vious CVD at baseline when determining the ad-
ditional risk of COPD. These groups may differ. We
demonstrated that people with COPD without a

WHAT IS ALREADY KNOWN
ON THIS TOPIC

» We searched PubMed using the terms
“COPD” and “cardiovascular disease”,
“risk factors”, “prognosis” or “health out-
comes” for articles published up until
September 2023, with no publication date
or language restrictions.

» We found no large, complete, longitudi-
nal, population-based real-world studies
that determined the impact of chronic
obstructive pulmonary disease (COPD)
on the development of cardiovascular
disease in people with a history of cardio-
vascular disease.

WHAT THIS STUDY ADDS

» To our knowledge, this is the first study
examining the association between
COPD and the composite outcome of
hospitalisation for acute myocardial
infarction, stroke or cardiovascular death
in a large, complete secondary prevention
population-based cohort.

» After adjustment for demographics, car-
diovascular risk factors, comorbidities,
socioeconomic status, healthcare utili-
sation and smoking, the rate of major
adverse cardiac event (MACE) was 24%
higher in persons with compared with
without COPD (HR 1.24, 95% CI 1.21-
1.26).

» Despite a higher risk of MACE, we found
people with COPD were less likely to
receive secondary preventive cardiac care.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

» This study reveals that strategies are nee-
ded to improve secondary cardiovascular
disease prevention among people with
COPD and cardiovascular disease.

history of CVD had a 25% increased risk of CVD
events." To our knowledge, no studies have exami-
ned if the increased risk is also present in people
with established CVD whose heightened CVD
threat might diminish additional risk from COPD.
Current guidelines on secondary CVD preven-
tion recommend more aggressive management for
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people with a higher risk of cardiovascular events, such as those
with diabetes (DM) or chronic kidney disease (CKD).?> Whether
people with COPD should be included in this group has not been
determined.

Knowing if people with COPD and CVD are at higher risk for
future CVD events than those with CVD alone is particularly con-
cerning because secondary prevention of cardiovascular events in
people with COPD has been shown to be lacking. For example,
beta-blockers have been shown to be under-prescribed in peo-
ple with COPD, despite studies confirming their safety and be-
nefit.>*> People with COPD have also been shown to undergo
coronary revascularisation less frequently than those without
COPD.'¢ Establishing higher CVD risk in people with COPD and
known CVD would shift the risk-benefit of interventions, justify
more aggressive management and convince clinicians that these
interventions are imperative.

The aim of the current study was to compare cardiovascular risk
factors in individuals with versus those without COPD in a popu-
lation with established CVD, and then to quantify the real-world
impact of COPD on CVD outcomes by adjusting for these factors
and other potential confounders. In further analysis, we sought to
document gaps in preventive CVD care in the same population,
to highlight opportunities to lessen this impact. Our ultimate goal
was to provide a knowledge base to inform secondary CVD pre-
vention in people with COPD.

MATERIAL AND METHODS

Study design and setting

We conducted a real-world cohort study of all community-dwell-
ing adults residing in Ontario, Canada with established CVD using
population health and other datasets. Ontario, the largest province
of Canada, is home to a multiethnic population of over 15 million
residents who have universal access to medically necessary hospi-
tal and physician care as well as medications for individuals aged
65 and older under publicly funded health insurance. The use of
the data in this project is authorised under section 45 of Ontario’s
Personal Health Information Protection Act (PHIPA). The me-
thods used in this study were very similar to those used in our pre-
vious study assessing the impact of COPD on CVD risk in people
without known CVD."

Data sources

Ontario has a universal single-payer healthcare system that pro-
vides medically necessary services to its residents. Details of these
are captured in large databases that can be linked to each other
as well as to other complementary large population health data
sources—including laboratory test result databases and health
surveys providing comprehensive information on the population.
These datasets were linked deterministically using unique encoded
identifiers and analysed at ICES."” ICES is an independent, non-
profit research institute whose legal status under Ontario’s health
information privacy law allows it to collect and analyse healthcare
and demographic data, without consent, for health system evalu-
ation and improvement. ICES has numerous safeguards in place
as well as regular audits to protect the sensitive data it holds. For
this study, datasets previously linked to the Cardiovascular Health
in Ambulatory Care Research Team'® database were used to ob-
tain information on hospitalisations, emergency department visits,
outpatient physician claims, drug prescriptions, electronic medi-
cal records, laboratory data and survey data (see online supple-
mental table S1 for a complete list of databases) since 2002. The
cause of death was determined from the Office of the Registrar
General of Ontario data which gets this information from death
certificates. Immigrant status was obtained from the Immigration,
Refugees and Citizenship Canada Permanent Resident Database.
Laboratory test results were from the Ontario Laboratory Infor-
mation System database which collects information from hospital
and outpatient laboratories in Ontario." Survey data was obtained
from the Canadian Community Health Survey (CCHS), an annual
survey which is administered by Statistics Canada on a representa-
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tive sample of the population and includes questions about health
behaviours and health status. Details of these databases and exam-
ples of their use to study respiratory and CVD have been described
elsewhere

Study population

Using the linked databases aforementioned, we included all indi-
viduals aged 40+ years who lived in Ontario, Canada on 1 January
2008 (index date) with established CVD, defined as a prior his-
tory of acute myocardial infarction (AMI), ischaemic heart dis-
ease, percutaneous coronary intervention (PCI), coronary artery
bypass grafting (CABG), heart failure (specifically left ventricular
dysfunction) or stroke. The heart failure definition used included
both heart failure with reduced ejection fraction and heart failure
with preserved ejection fraction and has been validated against
electronic medical records.”® It was included because coronary
atherosclerosis is the most common cause of heart failure. Inter-
national Classification of Disease codes used to identify these and
other conditions can be found in online supplemental table S2.
Those with a previous lung transplant were excluded. Individuals
were followed from the index date to 31 December 2016, an out-
come of interest, loss of health insurance eligibility or until death,
whichever occurred first.

Primary exposure

Our primary exposure was physician-diagnosed COPD deter-
mined using a previously validated case definition of one COPD-
related hospital admission and/or at least three COPD ambulatory
physician visits within 2 years, prior to the index date. This case
definition has been shown to have a specificity of 95.4% and sen-
sitivity of 57.5% when validated against a clinical reference stan-

dard.

Cardiovascular outcomes

The primary outcome was the composite of hospitalisation for
AMI or stroke or death due to CVD. This outcome, referred
to as major cardiovascular events, has been used in previous
cardiovascular studies.?” ? Secondary outcomes included indi-
vidual components of a major adverse cardiac event (MACE) as
well as coronary revascularisation (ie, PCI and CABG surgery),
heart failure, ischaemic heart disease and cause-specific mor-
tality. The components of MACE have been validated through
previous studies or the Office of the Registrar General of On-
tario.?

Baseline characteristics

Baseline characteristics, including sociodemographic factors, car-
diac risk factors, comorbidities, health services utilisation and
medications, were assessed using data on or before the index date.
These were chosen based on literature and/or expert opinion be-
cause they potentially confound the association between COPD
and CVD outcomes.

Cardiovascular risk factors

Traditional cardiac risk factors were obtained from several data-
bases (online supplemental table S1). Hypertension, diabetes, de-
mentia and other comorbidities were ascertained from health ad-
ministrative data—using validated algorithms where available.””*
Laboratory results, including total cholesterol, triglycerides and
glycosylated haemoglobin were obtained from laboratory databa-
ses. Lifestyle behaviours, including smoking status and ideal physi-
cal activity, were collected from the CCHS. For those not included
in the CCHS, smoking status was imputed using methods shown
to provide accurate values even with a high prevalence of missing
data.?” Electronic medical records provided blood pressure measu-
rements.

Cardiovascular and other care
Visits to physicians were captured from health administrative data
and categorised by physician specialty (primary care physicians,
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Table 1 Baseline demographics, cardiovascular risk factors, laboratory values, comorbidities, behavioural characteristics, types of physician visits
and medication use for individuals with cardiovascular diseases and COPD (cardiovascular-COPD cohort) versus individuals with cardiovascular
diseases without COPD (cardiovascular cohort)

Persons with cardiovascular Persons with cardiovascular
diseases and COPD diseases without COPD standardised
Characteristic, % (unless otherwise noted) N=69 161* N=426 895t difference
Sociodemographics
Age, years
40-49 14 6.7 0.27
50-59 8.1 16.4 0.26
60-69 20.8 25.1 0.10
70-79 35.0 28.5 0.14
80+ 34.7 23.2 0.25
Female 41.1 37.9 0.06
Socioeconomic status as per income quintile
1 (lowest) 25.9 19.5 0.15
2 22.5 20.5 0.05
3 19.0 19.7 0.02
4 17.2 19.8 0.07
5 (highest) 14.9 20.1 0.14
Rural residence 18.4 14.8 0.10
Immigrant 33 6.7 0.16
Cardiac risk factors and comorbidities
Hypertension 835 71.0 0.17
Diabetes 39.2 33.0 0.13
Smokert 30.7 16.3 0.35
Peripheral arterial disease 9.6 3.7 0.24
Diastolic blood pressure$, mean+SD 72.3+£10.9 74.5£10.5 0.21
Systolic blood pressuret, mean+SD 127.9+18.7 129.1+18.1 0.06
BMI, kg/m?, mean+SD§ 27.4+5.8 27.4+5.1 0.00
Moderate to active physical activity§ 21.7 40.2 0.27
=5 fruits and vegetables/day$§ 25.4 30.2 0.11
Heavy alcohol consumption§ 6.8 7.5 0.03
Acute myocardial infarction 38.2 37.3 0.02
Heart failure 43.1 17.8 0.57
Atrial fibrillation 36.4 33.7 0.06
Stroke 143 15.4 0.03
Percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) ~ 32.5 40.8 0.17
Dementia 7.0 4.5 0.1
Cancer 4.7 2.6 0.11
Chronic kidney disease 9.3 41 0.21
Liver disease 0.7 03 0.05
HIV 0.1 0.1 0.02
Thyroid disease 10.5 8.7 0.06
Anaemia in previous 5 years 315 20.6 0.25
Surgical hospitalisation in the previous 2 years 216 19.3 0.15
Number of chronic conditions|
0-1 0.5 9.7 0.43
2 3.0 18.5 0.52
3 9.1 24.4 0.42
4 16.5 21.3 0.12
5 or more 71.0 26.0 10.01

Continued
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Table 1 Continued
Persons with cardiovascular Persons with cardiovascular
diseases and COPD diseases without COPD standardised
Characteristic, % (unless otherwise noted) N=69 161* N=426 895t difference
Long-term oxygen therapy 11.0 0.6 0.46
Health service utilisation
Cholesterol screening in previous 3 years 71.8 79.3 0.18
Non-pregnancy diabetes screening in previous 3 years 84.6 85.9 0.04
Influenza vaccination in previous season 46.8 55.5 0.17
Family physician visit in previous 2 years 96.3 95.7 0.03
Specialist visits in previous 2 years 89.0 86.5 0.08
Cardiologist visits 42.0 472 0.10
Respirologist visits 14.2 3.0 0.41
Medications (among persons aged 66 and older)**
ACE inhibitor 453 47.5 0.04
Angiotensin Il receptor blocker 18.6 19.0 0.01
Beta-blocker 40.1 52.6 0.25
Diuretic 48.7 36.7 0.24
Calcium channel blocker 35.7 32.0 0.08
Oral antiglycaemic 17.6 17.8 0.00
Statin 55.1 60.4 0.11
Warfarin 24.4 233 0.03
Inhaled corticosteroids 34.8 44 0.83
Long-acting muscarinic antagonist 28.1 1.7 0.80
Long-acting beta agonist 25.8 23 0.72
Short-acting anticholinergic 7.6 0.6 0.36
Short-acting beta-agonist 27.2 34 0.70
Xanthine 2.0 04 0.19
Laboratory teststt
Total cholesterol, mmol/L, median (IQR) 4.2+1.10 43+1.1 0.06
HDL cholesterol, mmol/L, median (IQR) 1.2+0.4 1.2+0.4 0.05
LDL cholesterol, mmol/L, median (IQR) 2.3+0.9 2.3+0.9 0.11
Triglycerides, mmol/L, median (IQR) 1.6+1.0 1.6+1.0 0.01
Total cholesterol to HDL ratio, median (IQR) 3.6+1.2 3.7£1.2 0.07
HbA1c, %, median (IQR) 4.69+3.03 4.80£2.9 0.04

*Not all variables were available for all individuals, see table footnotes for details.
tValues for some individuals imputed (see details in online supplemental materials).

$Estimates are from a subpopulation of individuals linked to the electronic medical records. These variables were not used in any statistical models.

§Estimates from a subpopulation of 13 968 respondents of the Canadian Community Health Survey 2005-2014 (2061 with COPD; 11 907 without COPD).

9lincludes number of chronic conditions other than COPD, cardiovascular diseases and cardiovascular disease risk factors including asthma, arthritis (osteo-, rheumatoid and other), cancer,
dementia, inflammatory bowel disease, mood/anxiety/depression and other nonpsychotic disorders, other mental illnesses, osteoporosis and renal failure.

**Estimates from a subpopulation of 319 889 individuals aged 65 years and above (54 973 with COPD; 264 916 without COPD).

ttLaboratory test results were available for about 37% of the cohort who were tested for total cholesterol, 37% for HDL cholesterol, 37% of LDL cholesterol, 37% for triglycerides and 21% for

HbA1c. Laboratory testing results were not available in some geographic regions.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

respirologists, cardiologists and all other specialists combined).
Medication use was obtained for individuals 65 years and older
through the drug database. To assess if subjects received quality
CVD preventive care, we examined screening for cholesterol and
diabetes in accordance with Canadian guidelines.***!

Analysis

Baseline cardiovascular risk factors, cardiovascular care, comor-
bidities and other factors were compared between people with
established CVD with and without COPD using standardised dif-
ferences. Researchers have proposed that a standardised difference
of 0.1 or more denotes a potentially meaningful imbalance in the
baseline covariate.*> These were used to avoid clinically unimpor-
tant differences being identified as statistically significant due to
the large cohort size. Incidence rates for primary and secondary
cardiovascular outcomes were calculated per 1000 person-years.
Age- and sex-standardised rates and rate ratios for the primary

outcome were calculated using the entire secondary prevention
cohort as the reference population.

To determine the impact of COPD on MACE in people with
established CVD, individuals were followed until the first of three
events: (1) experiencing any of the components of the compos-
ite outcome (MACE); (2) migration out of Ontario; (3) end of the
study period or they left the province. Subjects for whom (2) or (3)
were the first event experienced were censored at the time of mi-
gration or the end of the study period. We used sequential cause-
specific Cox proportional hazard models accounting for the com-
peting risk of death and sequentially adjusted for predefined sets of
CVD risk factors, care and other potentially relevant confounders.
All variables were included because of their clinical significance.
All analyses were performed using SAS V.9.4 (SAS Institute).

Missing smoking data was addressed by using multiple impu-
tations (see online supplemental methods for details).”* Missing
data for age, sex, income quintile or health services use (<1%) was
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Table 2 Age- and sex-standardised rates of cardiovascular outcomes among individuals with cardiovascular diseases and COPD (cardiovascular-
COPD cohort) versus individuals with cardiovascular diseases without COPD (cardiovascular cohort) in Ontario, Canada

Age-sex standardised rate per 1000 person-years (95% Cl)

Persons with cardiovascular Persons with cardiovascular Rate ratio

Cardiovascular outcomes disease and COPD disease without COPD (95% CI)
Primary outcome

Maijor cardiovascular event (composite of AMI, stroke or cardiovascular death) ~ 45.3 (44.5-46.3) 28.6 (28.4-28.8) 1.6 (1.7-1.6)
Secondary Outcomes

AMI 17.1 (16.5-17.7) 11.3(11.2-11.4) 1.52 (1.5-1.6)

Stroke 9.5(9.17-9.8) 7.8 (7.7-1.9) 1.2(1.2-1.3)

Heart failure 17.1 (16.5-17.8) 11.3(11.2-11.4) 1.5 (1.5-1.6)

Unstable angina 7.4 (7.0-7.8) 5.0 (5.0-5.1) 1.5 (1.4-1.6)

Coronary artery bypass graft surgery (CABG) 3.7 (3.5-3.9) 4.2 (4.1-4.3) 0.9 (0.8-0.9)

Percutaneous coronary intervention (PCI) 12.2 (11.7-12.6) 11.0(10.9-11.2) 1.1 (1.0-1.1)

Revascularisation (PCl or CABG) 15.6 (14.9-16.0) 14.8 (14.7-15.0) 1.1 (1.0-1.1)
Cause specific death

Death due to AMI 16.6 (16.1-16.9) 7.8 (7.7-1.9) 2.1(.1-22)

Death due to ischaemic heart disease 20.3 (19.8-20.7) 10.0 (9.9-10.2) 2.0 (2.0-2.1)

Death due to respiratory disease 20.3 (19.8-20.8) 10.0 (9.9-10.2) 2.02 (2.0-2.1)

Death due to stroke 2.2(2.1-2.4) 1.7 (1.6-1.7) 1.3 (1.2-1.4)

Rates are standardised to the overall CVD population.
AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary disease.

managed by excluding those people from the analysis. Laboratory
missing data was managed by designing a ‘not tested’ category.
This included people who were not tested because they lived in
geographic areas not captured by the laboratory database or did
not have testing indicated.

Stratified and subgroup analyses

Sex was specified a priori to be of interest because of previous re-
search indicating that women with COPD and CVD may differ
from men due to different smoking patterns, a higher likelihood of
having small airway disease and female hormones modulating the
inflammatory response.** Sex-stratified cardiovascular outcomes
were calculated, and an interaction between COPD status and sex
was considered for the hazard models.

A subgroup analysis adjusting for medication use was car-
ried out in individuals aged 65 and older for whom medication
information was available. Among respondents to the CCHS, a
subgroup analysis adjusting for body mass index and health be-
haviours (physical activity, alcohol consumption, and fruit and
vegetable consumption) was performed.

RESULTS

There were 496 056 individuals with established CVDs in Ontario
on 1 January 2008 and they were followed for 8 years. Of those, 69
161 (13.9%) had physician-diagnosed COPD. The median age for
the entire cohort was 71 (IQR 61-79 years) and 38.3% were wo-
men (table 1). About 201 806 had the primary outcome of MACE;
247 974 died of other causes not part of the primary outcome and
46 276 were censored at the end of the study period or because
they left the province.

Cardiovascular risk factors and comorbidities

The prevalence of hypertension (standardised difference,
SD=0.17), diabetes (SD=0.13), heart failure (SD=0.57) and pe-
ripheral artery disease (SD=0.24) were higher in those with CVD-
COPD compared with CVD alone (table 1). Laboratory results
were similar in the two groups. Additionally, the CVD-COPD co-
hort had higher rates of cancer (SD=0.11), CKD (SD=0.21) and
anaemia (SD=0.25) than the CVD-only cohort at baseline. There
were more active smokers in the CVD-COPD group than in the
CVD-only group (30.7% vs 16.3%, SD=0.35). Among respondents

to the CCHS, the CVD-COPD cohort had lower rates of fruit and
vegetable consumption and ideal physical activity levels.

Cardiovascular and other care

In the 2 years prior to 2008, there were no apparent differences be-
tween the two groups in visits to family physicians and specialists;
however, people in the CVD-only cohort were more likely to have
visited a cardiologist at least once (47.2% vs 42.0% in the CVD-
COPD cohort).

Among individuals aged 65 and older, those in the CVD-COPD
cohort were less likely to have filled a prescription for beta block-
ers, ACE inhibitors or statin. Use of oral anti-glycaemic medica-
tion and warfarin was comparable between the two cohorts.

Cardiovascular outcomes

Over the follow-up period, the incidence rate of the primary out-
come—the composite of major adverse cardiovascular events,
MACE—was 45.3 per 1000 person-years in the CVD-COPD com-
pared with 28.6 in the CVD-only cohort (rate ratio 1.58 (95% CI
1.56-1.62)) (table 2).

In terms of the secondary outcomes, the individual components
of the primary outcome showed similar trends in their differences,
with higher rates of AMI, stroke and cardiovascular death in the
CVD-COPD cohort than in the CVD cohort. The rate of heart failu-
re was also higher in those with COPD (17.1 per 1000 person-
years in CVD-COPD vs 11.3 in the CVD cohort) (table 2). Rates
of coronary artery revascularisation (CABG surgery or PCI) were
similar in the two groups (15.6 and 14.8 per 1000 person-years,
respectively). The CVD-COPD group had lower rates of CABG
but higher rates of PCI than the CVD group.

Younger age groups showed the largest rate ratios of MACE be-
tween those with CVD-COPD and CVD-only. Rate ratios were
larger in females than in males (table 3).

Table 4 reports the HRs of MACE in people with COPD-CVD
compared with CVD-only adjusting for, sequentially, age and sex;
traditional risk factors and comorbidities; lab tests; income quin-
tile, place of residence and immigration status; health services uti-
lisation and finally, smoking. After adjustment for all factors, the
rate of MACE remained higher in COPD-CVD patients than in
those with CVD-only, with an HR 1.24, 95% CI 1.21-1.26 after full
adjustment.
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Table 3 Rates of major adverse cardiovascular events among persons with cardiovascular diseases and COPD (cardiovascular-COPD cohort) versus
individuals with cardiovascular diseases without COPD (cardiovascular cohort) in Ontario, Canada, by sex and age*

Age-sex standardised* rate of MACE per 1000 person-years (95% Cl)

Men

Women

Persons with

Persons with

Persons with

cardiovascular diseases  cardiovascular diseases  Rate ratio cardiovascular diseases  Persons with cardiovascular  Rate ratio
Age group  and COPD without COPD (95% CI) and COPD diseases without COPD (95% CI)
40-49 25.3 (20.4-30.3) 14.8 (14.2-15.5) 1.7 (1.4-2.0) 26.3 (21.3-32.2) 9.5(8.7-10.3) 2.8(2.2-3.5)
50-59 32.6 (29.8-34.9) 17.8 (17.5-18.2) 1.8 (1.6-2.0) 27.6 (25.3-31.1) 12.3(11.8-12.9) 2.2 (2.0-2.5)
60-69 39.1 (37.5-41.1) 20.6 (20.3-20.9) 1.9 (1.8-2.0) 35.8 (34.1-37.7) 17.3(16.7-17.8) 2.1(1.9-2.2)
70-79 50.8 (49.2-52.3) 31.9(31.5-32.3) 1.6 (1.5-1.7) 44.0 (44.2-46.3) 28.8 (28.2-29.3) 1.5 (1.5-1.6)
80+ 76.9 (74.8-79.2) 58.2 (57.2-59.1) 1.3(1.3-1.4) 71.2 (68.3-73.0) 57.0 (56.2-58.0) 1.2 (1.2-1.3)

*Rates are age- and sex-standardised to the entire cardiovascular disease population, as appropriate.

COPD, chronic obstructive pulmonary disease; MACEs, major adverse cardiovascular events.

Stratified and subgroup analyses

Subgroup analysis in individuals aged 65 and above addition-
ally adjusting for medication use showed the impact of COPD
on MACE was consistent with the primary analysis (HR 1.19,
95% CI 1.16-1.22) (online supplemental file 1). Subgroup analy-
sis among health survey respondents adjusting for additional
health behaviours found a similar trend for the impact of COPD
on MACE (HR 1.21, 95% CI 1.05-1.41) (online supplemental ta-
ble S4). The interaction between COPD status and sex was not
statistically significant (p=0.15).

DISCUSSION

We conducted a real-world population study of Ontario residents
aged 40 and older with established CVD, with and without COPD
at baseline. We found that after adjusting for CVD risk factors,
care and other potential confounders such as socioeconomic sta-
tus and healthcare use, people with COPD had 24% higher rates
of hospitalisation for AMI or stroke or death due to CVDs than
those without COPD. We also showed that they received fewer
prescriptions for cardiac medications and had fewer cardiologist
visits at baseline. This reveals the need for strategies to improve
secondary CVD prevention in this population.

Our main finding of an association of COPD with MACE is
likely related to the pathophysiology of COPD and its effects on
the cardiovascular system. Systemic inflammation has been ob-
served in a severity-dependent fashion in COPD.*** COPD has
also been associated with increased oxidative stress and hypo-
xaemia, which likely contributes to increased risk of stroke and
CVD.? 3 Furthermore, inflammatory markers that tend to be ele-
vated in COPD, especially during exacerbations, are known to be
pro-thrombotic, possibly also causing cardiovascular events.***
Smoking, a common risk factor of CVD and COPD, is also
known to contribute to a high systemic inflammatory state.

Our findings are consistent with previous studies reporting higher
risks of MACE in people with COPD compared with those with-
out COPD.*' # Cardiovascular events tend to be associated with
COPD exacerbations.* ** This is a particularly important concern
in patients who, as our results show, may have existing cardiovas-
cular conditions that are not adequately managed. Our findings
extend those of previous studies by specifically studying the impact
of COPD in those with established CVD in a large, complete real-
world population.

Heart failure is a common chronic disease and a leading cause
of hospital admission.* Previous studies have reported that
about 20% of patients with COPD have concurrent heart failure,
in which has been associated with early readmission rates.* *
Our results are consistent with a previous study that described
a heart failure risk ratio of 4.5 for people with, compared with
those without COPD.*

Despite worse CVD health outcomes and risk factors, we
found that people with both CVD and COPD were receiving less
secondary preventative cardiac care than those without COPD.

Use of evidence-based medications that are considered stand-
ard therapy for those with established CVD—such as statins and
beta-blockers, and even ACE inhibitors and ARBs—was used
less frequently in the CVD-COPD cohort. Additionally, people
with COPD were found to have lower rates of visits to cardiolo-
gists; although higher rates than those seen in a previous study
of all people with COPD in Ontario that revealed about 24% had
seen a cardiologist.*® Of note, we adjusted for these factors in the
current analysis. Furthermore, although overall rates of revascu-
larisation were similar, rates of CABG surgery were lower in peo-
ple with CVD-COPD. This could have been because of concern
about higher preoperative risks from COPD itself.* It is less clear,
however, why cardiovascular medications would not be used or
why referrals to cardiologists are made less often. Some practi-
tioners may be mindful of drug-drug interactions between beta-
blockers and inhaled beta-2 agonists despite studies showing that
cardio-selective beta-blockers are safe in COPD patients.” !

A unique feature of our study was being able to study the be-
havioural aspects of cardiac risk stratification by individually
linking to survey data for a subset of our cohort. Previous stu-
dies have shown that these factors are important in reducing the
incidence of chronic conditions including CVDs.*?** We found a
trend of more physical activity and fruit and vegetable consump-
tion in the CVD-only cohort than those with concomitant CVD
and COPD (table 1).

The strengths of our study were its analysis of a large real-
world population of hundreds of thousands of people with ex-
tensive, diverse population-based health information - including
smoking, behavioural and lifestyle factors. We are also not aware
of any previous studies that have examined the impact of COPD
on a secondary CVD prevention cohort. Further, we were able to
adjust for the effects of various factors in a stepwise fashion when
studying the impact of COPD on MACE.

There were also limitations that merit discussion. We were only
able to identify people with physician-diagnosed COPD, as we
did not have pulmonary function testing for the whole COPD
population. However, we chose a case definition with high spe-
cificity and people in our cohort reflect those with COPD in the
real world, where a significant proportion are diagnosed without
spirometry.** Second, our case definition lacked sensitivity and
required up to three ambulatory care visits, meaning we likely
missed some people with COPD. These people were more likely
to have milder COPD. We were also not able to capture people
with undiagnosed COPD.*> However, as mild and undiagnosed
COPD would also be associated with CVD, not capturing these
individuals likely made our comparison cohorts (people with
CVD with and without COPD) more similar than they actually
were—attenuating the observed impact of COPD.

This suggests that the actual impact of COPD on cardiovascu-
lar events is even greater than we found. Third, we did not have
lifestyle information or laboratory test values for all subjects. We
did, however, have values for large representative subcohorts,
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Table 4 HRs for a major adverse cardiovascular event (MACE: composite of hospitalisation for acute myocardial infarction or stroke or death
due to cardiovascular disease) for individuals with cardiovascular diseases and COPD (CVD-COPD) compared with individuals with cardiovascular

diseases without COPD (CVD)

Add traditional
cardiovascular

Add income quintile,

Adjusted for age risk factors and place of residence, Add health services

and sex comorbidities Add lab tests immigration status utilisation Add smoking
Characteristic (95% ClI) (95% Cl) (95% ClI) (95% ClI) (95% CI) (95% ClI)
COPD 1.50 (1.48 to 1.52) 1.42(1.40t01.45) 1.35(1.32t01.37) 1.32(1.30to0 1.34 1.31(1.29t0 1.33 1.24(1.21 t0 1.26)*
Female 0.89 (0.88 t0 0.90)t  0.88 (0.87 t0 0.89)  0.85 (0.84 t0 0.86)  0.85 (0.84 t0 0.86 0.83 (0.82 t0 0.84 0.83 (0.82 t0 0.84
Age 1.05 (1.04 to 1.05)¢

Hypertension
Diabetes

Number of other chronic conditions (ref 0-1)§

2 1.05 (1.03 to 1.06)
3 1.12(1.10 to 1.14)
4 1.25(1.22 t0 1.27)
5+ 1.35(1.31 to 1.39)

HbA1c=>6.5% (ref=<6.5%)
Total cholesterol (ref=<2 mmol/L)

5.2<6 mmol/L

>6.2 mmol/L

HDL cholesterol=0.9 mmol/L (ref= <0.9
mmol/L)

Income quintile (ref=1 lowest)
2
3
4
5 (highest)
Rural residence (ref=urban)
Immigrant (ref=long term Ontario resident)
Family doctor visit in last 2 years
Specialist visit in last 2 years
Cholesterol screening in previous 3 years
Diabetes screening in previous 3 years
Health examination in previous 3 years

Smoker (imputed) (ref=non smoker)

( )
( )
1.04 (1.04 to 1.04)
1.25(1.23 to0 1.28)

( )

1.42 (1.40 to 4.44

( )
( )
1.04 (1.04 to 1.04)
1.31(1.29 0 1.33)
1.45 (1.43 to 1.47)

.06 (1.05 to 1.08)
1.11 (1.09 0 1.13)
1.22 (1.19 t0 1.24)
1.29 (1.25 0 1.33)
1.10 (1.07 t0 1.12)

1.20(1.17 to 1.23)
1.50 (1.45 to 1.55)
0.83 (0.81 t0 0.85)

( )
( )
1.04 (1.04 to 1.04)
1.31(1.29 10 1.33)
1.44 (1.42 to 1.46)

.06 (1.05 to 1.08)
1.11(1.09 t0 1.13)
122 (1.19t0 1.24)
1.29 (1.26 t0 1.33)
1.09 (1.07 to 1.12)

1.20(1.17 t0 1.23)
1.50 (1.45 to 1.55)
0.83 (0.81 to0 0.85)

0.92 (0.90 t0 0.93
0.90 (0.89 to 0.92
0.86 (0.85 t0 0.88
0.81(0.80 t0 0.83
1.07 (1.05 to 1.08;
(

)
)
)
)
)
0.76 (0.73 t0 0.78)

( )
( )
1.04 (1.04 to 1.04)
1.26 (1.24 10 1.29)

( )

1.44(1.42 t0 1.47

1.01
1.04 (1.03 to 1.06

0.99 to 1.02

( )
( )
1.14 (112 10 1.17)
122 (1.18 t0 1.25)

( )

1.08 (1.05 to 1.10.

1.20(1.17 to 1.23)
1.50 (1.44 to 1.55)
0.84 (0.82 to0 0.86)

0.91(0.90 t0 0.93)
0.90 (0.88 t0 0.92)
0.86 (0.85 to0 0.88)
0.82 (0.80 to0 0.84)
1.04 (1.02 to 1.06)
0.81(0.79 t0 0.83)
2.26 (2.17 t0 2.36)
1.04 (1.02 to 1.06)
0.91 (0.89 t0 0.92)
1.11 (1.08 to 1.14)
0.81(0.80 t0 0.82)

( )
( )
1.04 (1.04 to 1.04)
1.28(1.26 t0 1.30)

( )

1.46 (1.44t0 1.48

1.01
1.05 (1.03 to 1.06;

0.99 t0 1.03

( )
( )
1.14 (11210 1.17)
1.22 (1.18 10 1.26)

( )

1.08 (1.05t0 1.10

1.20 (1.17 t0 1.23)
1.49 (1.44 to 1.54)
0.85(0.83 t0 0.87)

0.92 (0.90 to 0.94)
0.91 (0.90 to 0.93)
0.88 (0.86 to 0.90)
0.84 (0.82 to 0.86)
1.05 (1.03 to 1.06)
0.81(0.79 to 0.84)
2.25(2.16 t0 2.35)
1.05 (1.02 to 1.07)

91 ( )
1.11( )
0.81 ( )
)

1.39(1.28 to 1.50

0.89t0 0.93
1.08t0 1.14
0.80 t0 0.82

HRs are sequentially adjusted for risk factors and other variables. (Includes 426 895 individuals without COPD and 69 161 people with COPD. People with missing residence type (rural vs urban) or

income quintile were excluded from the analysis. This accounted for <0.5% of people for each.)
*When additionally adjusted for chronic kidney disease, this value did not significantly change.
tOnly adjusted for age.
$Only adjusted for sex.

§Includes number of chronic conditions other than COPD, cardiovascular diseases and cardiovascular disease risk factors including asthma, arthritis (osteo-, rheumatoid and other), cancer,
dementia, inflammatory bowel disease, mood/anxiety/depression and other nonpsychotic disorders, other mental illnesses, osteoporosis and chronic kidney disease.
COPD, chronic obstructive pulmonary disease; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; ref, reference value.

preserving generalisability. We were also able to impute smoking
for the whole population using methods that have been shown to
provide accurate values even when there is a high prevalence of
missing data.”” Fourth, medication information was only available
in individuals aged 65 and older. However, COPD is predominant-
ly a disease of older individuals, as shown by the median age of 71
in our cohort, so this information is still very relevant. Fifth, these
results might not be generalisable to other regions with different
healthcare systems. Finally, the potential for unmeasured con-
founding is always a concern in observational studies. However,
this is also the case for studies establishing the higher risk of car-
diovascular events associated with DM or CKD that have guided
care for these populations.®*’

CONCLUSIONS

In conclusion, we examined the impact of COPD in a real-world
population of hundreds of thousands of people with established
CVD in Ontario, Canada and, after adjusting for demograph-

ics, cardiac comorbidities, lab results, healthcare utilisations and
lifestyle characteristics, including smoking status, found that the
rate of hospitalisation for AMI or stroke or death due to CVD was
higher in people with COPD than those without. We also found
people with COPD were less likely to receive secondary preven-
tive cardiac care including evidence-based medications, referral to
a cardiologist and coronary bypass graft surgery. CVD guidelines
currently identify DM and CKD as associated with high risk of
MACE among patients with established CVD.*? This work not only
calls for the increased use of proven treatments of CVD in COPD
but also justifies including COPD on that list.

Acknowledgements This study was supported by ICES, which is funded by an annual grant from the Ontario
Ministry of Health (MOH) and the Ministry of Long-Term Care (MLTC). This document used data adapted from the
Statistics Canada Postal CodeOM Conversion File, which is based on data licensed from Canada Post Corporation,
and/or data adapted from the Ontario Ministry of Health Postal Code Conversion File, which contains data copied
under license from Canada Post Corporation and Statistics Canada. Parts of this material are based on data and/or
information compiled and provided by: MOH, CIHI, IRCC, Statistics Canada. The analyses, conclusions, opinions and
statements expressed herein are solely those of the authors and do not reflect those of the funding or data sources;
no endorsement is intended or should be inferred. Parts of this material are based on data and information compiled

252

U

Cho EE, et al. Thorax 2025;80:291-299. doi:10.1136/thorax-2023-220991

BM) Group



and provided by the Ontario Ministry of Health. The analyses, conclusions, opinions and statements expressed here
are solely those of the authors and do not reflect those of the funding or data sources; no endorsement is intended
or should be inferred. Parts of this material are based on data and/or information compiled and provided by CIHI and
the Ontario Ministry of Health. The analyses, conclusions, opinions and statements expressed here are solely those of
the authors and do not reflect those of the funding or data sources; no endorsement is intended or should be
inferred. Parts of this report are based on Ontario Registrar General (ORG) information on deaths, the original
source of which is ServiceOntario. The views expressed therein are those of the author and do not necessarily reflect
those of ORG or the Ministry of Public and Business Service Delivery. Parts or whole of this material are based on
data and/or information compiled and provided by Immigration, Refugees and Citizenship Canada (IRCC) current
to 2017. However, the analyses, conclusions, opinions and statements expressed in the material are those of the
author(s), and not necessarily those of IRCC. Adapted from Statistics Canada, CCHS, 2000 to 2012. This does not
constitute an endorsement by Statistics Canada of this product. Parts of this material are based on data and infor-
mation compiled and provided by the Ontario Ministry of Health. The analyses, conclusions, opinions and statements
expressed herein are solely those of the authors and do not reflect those of the funding or data sources; no endor-
sement is intended or should be inferred. We thank IQVIA Solutions Canada for use of their Drug Information file.
Contributors ASG obtained funding and supervised the study. LM and RC had full access to all of the data in the
study and take responsibility for the integrity of the data and the accuracy of the data analysis. ASG, LM and EEC
were involved with the concept, design and drafting of the manuscript. LM and EEC were responsible for the admi-
nistrative, technical and material support. EEC, LM, AC, RC, DDS, JU, DL, PA and ASG contributed to the acquisition,
analysis or interpretation of data. EEC, LM, AC RC, DDS, JU, DL, PA and ASG are accountable for the critical revision
of the manuscript for important intellectual content. ASG, LM and RC are guarantors.

Funding This study was funded by a Canadian Institutes of Health Research (CIHR) Foundation Grant (Funding
Reference Number 154319). Dr. DL is the Ted Rogers Chair in Heart Function Outcomes, University Health Network,
University of Toronto. Dr. ASG was supported by a CIHR New Investigator Award while working on this study and is
now supported by a PSI Foundation Translational Fellowship.

Competing interests DDS reports having received small honoraria from GSK, AstraZeneca and Boehringer Inge-
Iheim. All other authors have no conflicts of interest to report.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants. ICES is a prescribed entity under Ontario’s Personal Health
Information Protection Act (PHIPA). Section 45 of PHIPA authorizes ICES to collect personal health information,
without consent, for the purpose of analysis or compiling statistical information with respect to the management of,
evaluation or monitoring of, the allocation of resources to or planning for all or part of the health system. Projects
that use data collected by ICES under section 45 of PHIPA, and use no other data, are exempt from REB review. The
use of the data in this project is authorised under section 45 and approved by ICES" Privacy and Legal Office. Obtai-
ning informed consent from the participants would be impractical and introduce bias.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The dataset from this study is held
securely in coded form at ICES. While legal data sharing agreements between ICES and data providers (eg, health-
care organisations and government) prohibit ICES from making the dataset publicly available, access may be granted
to those who meet prespecified criteria for confidential access, available at www.ices.on.ca/DAS (email: das@ ices.
on. ca). The full dataset creation plan and underlying analytic code are available from the authors upon request,
understanding that the computer programs may rely upon coding templates or macros that are unique to ICES and
are therefore either inaccessible or may require modification.

Supplemental material This content has been supplied by the author(s). It has not been vetted by BMJ Publishing
Group Limited (BMJ) and may not have been peer-reviewed.

Any opinions or recommendations discussed are solely those of the author(s) and are not endorsed by BMJ. BMJ
disclaims all liability and responsibility arising from any reliance placed on the content. Where the content includes
any translated material, BMJ does not warrant the accuracy and reliability of the translations (including but not
limited to local regulations, clinical guidelines, terminology, drug names and drug dosages), and is not responsible
for any error and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs

Don D Sin http://orcid.org/0000-0002-0756-6643

Andrea S Gershon http:/orcid.org/0000-0002-0246-594X

REFERENCES

1 Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235 causes of death for 20 age groups
in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012;380:2095-128.

2 Huiart L, Ernst P, Suissa S. Cardiovascular morbidity and mortality in COPD. Chest 2005;128:2640-6.

3 Sidney S, Sorel M, Quesenberry CP Jr, et al. COPD and incident cardiovascular disease hospitalizations and
mortality: Kaiser Permanente Medical Care Program. Chest 2005;128:2068-75.

4 Sin DD, Anthonisen NR, Soriano JB, et al. Mortality in COPD: Role of comorbidities. Eur Respir J
2006;28:1245-57.

5 Gershon AS, Mecredy GC, Guan J, et al. Quantifying comorbidity in individuals with COPD: a population
study. Eur Respir ] 2015;45:51-9.

6 Chen W, Thomas J, Sadatsafavi M, et al. Risk of cardiovascular comorbidity in patients with chronic obstruc-
tive pulmonary disease: a systematic review and meta-analysis. Lancet Respir Med 2015;3:631-9.

7 Engstrom G, Lind P, Hedblad B, et al. Lung function and cardiovascular risk: relationship with inflammation-
sensitive plasma proteins. Circulation 2002;106:2555-60.

8 Kannel WB, Hubert H, Lew EA. Vital capacity as a predictor of cardiovascular disease: the Framingham
sludy Am Heart ] 1983;105:311-5.

9 Marcus EB, Curb JD, MacLean CJ, et al. Pulmonary function as a predictor of coronary heart disease. Am J
Epidemiol 1989;129:97-104.

10 Sin DD, Wu L, Man SFP. The relationship between reduced lung function and cardiovascular mortality: a
population-based study and a systematic review of the literature. Chest 2005;127:1952-9.

11 Maclagan LC, Croxford R, Chu A, et al. Quantifying COPD as a risk factor for cardiac disease in a primary
prevention cohort. Eur Respir ] 2023;62:2202364.

12 Virani SS, Newby LK, Arnold SV, etal. 2023 AHA/ACC/ACCP/ASPC/NLA/PCNA Guideline for the Management
of Patients With Chronic Coronary Disease: A Report of the American Heart Association/American College of
Cardiology Joint Committee on Clinical Practice Guidelines. Circulation 2023;148:e9-119.

13 Lim KP, Loughrey S, Musk M, et al. Beta-blocker under-use in COPD patients. Int ] Chron Obstruct Pulmon
Dis 2017;12:3041-6.

14 Mentz R], Wojdyla D, Fiuzat M, et al. Association of beta-blocker use and selectivity with outcomes in
patients with heart failure and chronic obstructive pulmonary disease (from OPTIMIZE-HF). Am ] Cardiol
2013;111:582-7.

15 Yang YL, Xiang ZJ, Yang JH, et al. Association of B-blocker use with survival and pulmonary function in
patients with chronic obstructive pulmonary and cardiovascular disease: a systematic review and meta-
analysis. Eur Heart ] 2020;41:4415-22.

16 Rothnie KJ, Smeeth L, Herrett E, et al. Closing the mortality gap after a myocardial infarction in people with
and without chronic obstructive pulmonary disease. Heart 2015;101:1103-10.

ca pulmonar obstrutiva cr

17 Schull MJ, Azimaee M, Marra M, et al. ICES: Data, Discovery, Better Health. Int ] Popul Data Sci 2020;4:1135.

18 Tu JV, Maclagan LC, Ko DT, et al. The Cardiovascular Health in Ambulatory Care Research Team perfor-
mance indicators for the primary prevention of cardiovascular disease: a modified Delphi panel study.
CMAJ Open 2017;5:E315-21.

19 Ontario e. Lab results. 2019. Available: https://www.ehealthontario.on.ca/en/forhealthcare- professionals/
ontario-laboratories-information-system-olis

20 Tu JV, Chu A, Donovan LR, et al. The Cardiovascular Health in Ambulatory Care Research Team
(CANHEART): using big data to measure and improve cardiovascular health and healthcare services. Circ
Cardiovasc Qual Outcomes 2015;8:204-12.

21 Gershon AS, Campitelli MA, Croxford R, et al. Combination long-acting B-agonists and inhaled corticos-
teroids compared with long-acting -agonists alone in older adults with chronic obstructive pulmonary
disease. JAMA 2014;312:1114-21.

22 Gershon AS, Warner L, Cascagnette P, et al. Lifetime risk of developing chronic obstructive pulmonary
disease (COPD). Lancet 2011;378:991-6.

23 Schultz SE, Rothwell DM, Chen Z, et al. Identifying cases of congestive heart failure from administrative data:
a validation study using primary care patient records. Chronic Dis Inj Can 2013;33:160-6.

24 Gershon AS, Wang C, Guan J, et al. Identifying Individuals with Physcian Diagnosed COPD in Health
Administrative Databases. COPD: Journal of Chronic Obstructive Pulmonary Disease 2009;6:388-94.

25 Cannon CP, Braunwald E, McCabe CH, et al. Intensive versus moderate lipid lowering with statins after acute
coronary syndromes. N Engl ] Med 2004;350:1495-504.

26 Heart Outcomes Prevention Evaluation Study Investigators, Yusuf S, Sleight P, et al. Effects of an angioten-
sin-converting-enzyme inhibitor, ramipril, on cardiovascular events in high-risk patients. N Engl ] Med
2000;342:145-53.

27 Tu K, Campbell NR, Chen ZL, et al. Accuracy of administrative databases in identifying patients with
hypertension. Open Med 2007;1:¢18-26.

28 Lipscombe LL, Hwee ], Webster L, et al. Identifying diabetes cases from administrative data: a population-
based validation study. BMC Health Serv Res 2018;18:316.

29 Austin PC, van Buuren S. The effect of high prevalence of missing data on estimation of the coefficients
of a logistic regression model when using multiple imputation. BMC Med Res Methodol 2022;22:196.

30 Tobe SW, Stone JA, Anderson T, et al. Canadian Cardiovascular Harmonized National Guidelines Endeavour
(C-CHANGE) guideline for the prevention and management of cardiovascular disease in primary care:
2018 update. CMAJ 2018;190:E1192-206.

31 Ekoe J-M, Goldenberg R, Katz P. Screening for Diabetes in Adults. Can ] Diabetes 2018;42:516-9.

32 Austin PC. Using the Standardized Difference to Compare the Prevalence of a Binary Variable Between
Two Groups in Observational Research. Communications in Statistics - Simulation and Computation
2009;38:1228-34.

33 Raghunathan TE. What do we do with missing data? Some options for analysis of incomplete data. Annu
Rev Public Health 2004;25:99-117.

34 Tam A, Morrish D, Wadsworth S, et al. The role of female hormones on lung function in chronic lung
diseases. BMC Womens Health 2011;11:24.

35 Joppa P, Petrasova D, Stancak B, et al. Systemic inflammation in patients with COPD and pulmonary hyper-
tension. Chest 2006;130:326-33.

36 Agusti A, Edwards LD, Rennard S, et al. Persistent systemic inflammation is associated with poor clinical
outcomes in COPD: a novel phenotype. PLoS One 2012;7:e37483.

37 Austin V, Crack PJ, Bozinovski S, et al. COPD and stroke: are systemic inflammation and oxidative stress
the missing links? Clin Sci (Lond) 2016;130:1039-50.

38 Kirkham PA, Barnes PJ. Oxidative stress in COPD. Chest 2013;144:266-73.

39 Danesh J, Collins R, Appleby P, et al. Association of fibrinogen, C-reactive protein, albumin,
or leukocyte count with coronary heart disease: meta-analyses of prospective studies. JAMA
1998;279:1477-82.

40 Polosa R, Malerba M, Cacciola RR, et al. Effect of acute exacerbations on circulating endothelial, clotting
and fibrinolytic markers in COPD patients. Intern Emerg Med 2013;8:567-74.

41 de Lucas-Ramos P, Izquierdo-Alonso JL, Rodriguez-Gonzalez Moro M, et al. Chronic obstructive pulmo-
nary disease as a cardiovascular risk factor. Results of a case-control study (CONSISTE study). Int ] Chron
Obstruct Pulmon Dis 2012;7:679-86.

42 Morgan AD, Zakeri R, Quint JK. Defining the relationship between COPD and CVD: what are the implica-
tions for clinical practice? Ther Adv Respir Dis 2018;12:1753465817750524.

43 Kunisaki KM, Dransfield MT, Anderson JA, et al. Exacerbations of Chronic Obstructive Pulmonary Disease
and Cardiac Events. A Post Hoc Cohort Analysis from the SUMMIT Randomized Clinical Trial. Am J
Respir Crit Care Med 2018;198:51-7.

44 Reilev M, Pottegird A, Lykkegaard J, et al. Increased risk of major adverse cardiac events following the onset
of acute exacerbations of COPD. Respirology 2019;24:1183-90.

45 Savarese G, Lund LH. Global Public Health Burden of Heart Failure. Card Fail Rev 2017;3:7-11.

46 de Miguel Diez ], Chancafe Morgan J, Jiménez Garcia R. The association between COPD and heart failure
risk: a review. Int ] Chron Obstruct Pulmon Dis 2013;8:305-12.

47 Zeng Q, Jiang S. Update in diagnosis and therapy of coexistent chronic obstructive pulmonary disease and
chronic heart failure. ] Thorac Dis 2012;4:310-5.

48 Cho EE, Mecredy GC, Wong HH, et al. Which Physicians Are Taking Care of People With COPD? Chest
2019;155:771-7.

49 Enriquez JR, Parikh SV, Selzer F, et al. Increased adverse events after percutaneous coronary intervention
in patients with COPD: insights from the National Heart, Lung, and Blood Institute dynamic registry.
Chest 2011;140:604-10.

50 Salpeter SR, Ormiston TM, Salpeter EE, et al. Cardioselective beta-blockers for chronic obstructive pulmo-
nary disease: a meta-analysis. Respir Med 2003;97:1094-101.

51 Stefan MS, Rothberg MB, Priya A, et al. Association between (-blocker therapy and outcomes in patients
hospitalised with acute exacerbations of chronic obstructive lung disease with underlying ischaemic heart
disease, heart failure or hypertension. Thorax 2012;67:977-84.

52 Chiuve SE, McCullough ML, Sacks FM, et al. Healthy lifestyle factors in the primary prevention of coro-
nary heart disease among men: benefits among users and nonusers of lipid-lowering and antihypertensive
medications. Circulation 2006;114:160-7.

53 Stampfer MJ, Hu FB, Manson JE, et al. Primary Prevention of Coronary Heart Disease in Women through
Diet and Lifestyle. N Engl ] Med 2000;343:16-22.

54 Gershon AS, Hwee J, Croxford R, et al. Patient and physician factors associated with pulmonary function
testing for chronic obstructive pulmonary disease (COPD): A population study. Chest 2013.

55 Diab N, Gershon AS, Sin DD, et al. Underdiagnosis and Overdiagnosis of Chronic Obstructive Pulmonary
Disease. Am ] Respir Crit Care Med 2018;198:1130-9.

56 Raghavan S, Vassy JL, Ho Y-L, et al. Diabetes Mellitus-Related All-Cause and Cardiovascular Mortality in a
National Cohort of Adults. ] Am Heart Assoc 2019;8:e011295.

57 Tonelli M, Wiebe N, Culleton B, et al. Chronic kidney disease and mortality risk: a systematic review. ] Am
Soc Nephrol 2006;17:2034-47.

BM) Group

Cho EE, et al. Thorax 2025;80:291-299. doi:10.1136/thorax-2023-220991

) 253



Revisao

Centre for Genomics and Child
Health, Blizard Institute, Faculty
of Medicine and Dentistry,
Queen Mary University of
London, London, UK

Correspondence to
Dr Abigail Whitehouse; a.
whitehouse@ gmul. ac. uk

Received 29 October 2024
Accepted 28 December 2024
Published Online First 15 January
2025

I '.) Check for updates

© Author(s) (or their
employer(s)) 2025. Re-use
permitted under CC BY.
Published by BMJ.

To cite: Moorcrof , et al.
Arch Dis Child
2025;110:419-421.

Casa humida e com bolor: impacto na saude

pulmonar durante a infancia
Charles Moorcroft, Abigail Whitehouse, Jonathan Grigg

RESUMO

Em todas as consultas de pneumologia pediatrica e
pediatria geral, haver sempre um nimero de criancas
e familias expostas a ambientes substandard nas suas
habitacGes. Esta exposicdo pode estar a afetar a sua
salide, em particular a satde respiratéria. Enquanto clini-
cos, é fundamental estarmos conscientes dos riscos para
a salde, sabermos como aborda-los e atuarmos como
defensores dos nossos doentes. Esta revisdo percorre
desde os impactos na saude até as formas como podemos
defender e apoiar os doentes e as suas familias.

Mould and dampness are common in homes in
the UK, especially over the winter months and in
households whose residents cannot afford adequate
heating and whose homes do not have adequate
ventilation (figure 1). Mould is a collective term for
various fungi formed into a spore-type structure,
which grow in wet and humid environments. They
can be known to cause harm in humans via direct
irritation, type 1 hypersensitivity or the production
of toxins.! There is a wide variety of moulds poten-
tially within the home, which leaves it difficult to
directly attribute blame from a health perspective
on an individual health basis without the ability to
professionally test all moulds in the home.

The environmental conditions that promote
bacterial growth are often similar to those favour-
ing fungal proliferation. Both bacteria and fungi
can produce chemical compounds that may ad-
versely affect human health. Consequently, when
evaluating the risks associated with exposure to
damp and mouldy environments, it is essential to
consider the potential presence and health impacts
of both fungi and bacteria.

Although exposure to mould and its associated
produced substances is linked to health problems
in multiple areas of the body, most individuals’
contact is through breathing them in. This means
they predominantly affect the airways and lungs.
There is a large body of epidemiological evidence
linking mould exposure to respiratory health ef-
fects, either directly or via the indirect marker of
dampness. For example, associations are reported
between exposure to dampness and/or mould and
upper respiratory tract symptoms, cough, whee-
zing and, in asthmatic populations, increased ex-
acerbations.? Although for individuals, it is often
difficult to identify which specific moulds and
components are driving symptoms, increased
exacerbations of asthma are associated with in-
creased concentrations of Penicillium, Aspergillus,
Cladosporium and Alternaria species in the home
measured via air or dust sampling.’> Children with
chronic respiratory conditions are most suscepti-
ble to aerosolised bioagents, and mould exposure
presents an increased risk of exacerbation.? While
atopic children or those with allergic diseases are
particularly susceptible to biological and chemi-
cal agents in damp indoor environments, adverse
health effects have also been reported in non-atop-
ic populations. For example, Ingham et al found a
dose-response relationship between housing qual-

ity measures, particularly dampness-mould, and
young children’s hospitalisation rates with acute
respiratory infections in New Zealand.* Exposure
to mould and other dampness-related microbial
agents also increases the risks of rare conditions,
such as hypersensitivity pneumonitis, allergic al-
veolitis, chronic rhinosinusitis and allergic fungal
sinusitis.” Indeed, the presence of dampness and/
or mould is estimated by the UK Health and Se-
curity Agency to be associated with approximately
5000 new asthma cases and 8500 respiratory tract
infections in 2019 in England. However, alternative
data sources from self-reporting suggest estimates
could be 3-8 times higher.®

Mould-associated respiratory symptoms are ei-
ther due to exposure to the spores and hyphae of
the mould themselves or due to chemical and or-
ganic compounds in the air as a result of microbial
growth. Adverse health effects due to exposure to
mould or mould-derived compounds are the result
of three different mechanisms: generation of im-
mune responses by both allergic and non-allergic
pathways, exposure to mould byproducts such as
mycotoxins and proteases causing toxicity or direct
infection by the organism.” Bioaerosols may either
act as allergens or directly stimulate proinflamma-
tory mediator release in the airway. Indeed, the
higher the fraction of hyphae to spores in indoor
air, the more proinflammatory potential of the
aerosol.® Given that exposure to inhaled mould
in the indoor environment is associated with sig-
nificant health impacts, the continued presence of
mould and dampness in the home of any child with
atopy or a respiratory disease must be considered a
hazard to health.’ To date, there are no guidelines
available for a safe threshold of mould or dampness
within the home, and the presence of any mould
or dampness should be minimised or remediated
to reduce future growth and potential increases to
airborne biological agents. Mould should be re-
mediated using appropriate, specific products and
recommended personal protective equipment and
may require professional services to eradicate ef-
fectively. In addition to mould, dampness should
be addressed by adequate ventilation since it not

A

Figure 1 Example of mould present in the home of a
child with asthma (photo courtesy of Victoria Hadaway—
(Community Matron for Asthma and Atopy) * .
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Figure 2  Potential interactions for a clinician supporting a child and family with substandard housing.

only supports mould growth but also initiates the degradation of
materials in the home. Remediation to building structure may also
be required depending on individual circumstances.

WHAT SHOULD CLINICIANS NOW DO WHEN PARENTS
REPORT DAMPNESS AND MOULD IN HOMES?
There is clearly an ongoing lack of clarity in the clinical obligations
of clinicians when faced with a patient living in substandard hous-
ing. The health-related outcomes of exposure to mould and damp-
ness are clearly found in the literature. However, the approach of
the clinician will be very much patient dependent. Awaab’s Law
makes it very clear that no child or person should live in an envi-
ronment that is toxic to their health. Families may not bring their
housing concerns with them, so, all consultations should provide a
time or ability to discuss concerns regarding a child’s environment.
With the introduction of new local® and national® guidance as
clinicians, we should be signposting patients to these documents
as part of a consultation. Clinicians will need to take a proactive
role in supporting the family to obtain remedial work or to move
house, give appropriate advice and provide medical opinions on
health effects where appropriate. This is likely to take the form of
a medical letter that highlights the impacts on health (specific to
the individual patient) and reiterates the landlord’s responsibili-
ties (examples are available on https://www.rcpch.ac.uk/resources/
health-inequalities-climate-changetool-2-advocate-action). In fig-
ure 2, we outline the possible interactions that a clinician may have
when supporting a family living in substandard housing; of note,
the majority are unlikely to be included as expected workload and
will depend on the local networks available to the clinician. There
is the possibility that the specific health impacts on an individual
patient may be asked, ‘is this mould actually causing this illness?’
In these cases, it should be reiterated that homes should be ‘fit for
habitation’ as per the Housing Act and that landlords should take a
zero-tolerance approach to dampness and mould as per the Hous-
ing Ombudsmen.'® Unlike the state of play in 1998," it should be
made clear that there is clear evidence that mould and dampness

are major risk factors for more severe respiratory symptoms, and
reference should be made to the coroner’s decision in the case of
Awaab Ishak. However, more studies are still needed to define the
extent of individual organisms’ roles in causing pathology and to
quantify individual exposure.

X Abigail Whitehouse @Dr_abi_w

Contributors Conception: AW, JG and CM; manuscript drafting and revising: AW, JG and CM. All authors con-
tributed to writing the final manuscript. All authors have read and approved the final version of this manuscript.
Funding The authors have not declared a specific grant for this research from any funding agency in the public,
commercial or not-for-profit sectors.

Competing interests JG: support; NIHR Senior Investigator Award, Grants; OM Pharma, Marinomed; Advisory
board; OM Pharma, Omron, Honoraria; AstraZeneca, equipment and materials donation; OM Pharma, Immunotek
S.L., Omron, payment for medical evidence; Hogg Robertson solicitors. AW and CM: none declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Commissioned; internally peer reviewed.

ORCID iDs

Abigail Whitehouse http:/orcid.org/0000-0003-1695-7141

Jonathan Grigg http://orcid.org/0000-0003-3109-6028

REFERENCES

1. Bitnun A, Nosal RM. Stachybotrys chartarum (atra) contamination of the indoor environment: Health
implications. Paediatr Child Health 1999;4:125-9.

2. Antova T, Pattenden S, Brunekreef B, et al. Exposure to indoor mould and children’s respiratory health
in the PATY study. ] Epidemiol Community Health 2008;62:708-14.

3. Wang ], Janson C, Malinovschi A, et al. Asthma, allergic rhinitis and atopic dermatitis in association
with home environment - The RHINE study. Sci Total Environ 2022;853:158609.

4. Ingham T, Keall M, Jones B, et al. Damp mouldy housing and early childhood hospital admissions for
acute respiratory infection: a case control study. Thorax 2019;74:849-57.

5. Tischer C, Chen CM, Heinrich J. Association between domestic mould and mould components, and
asthma and allergy in children: a systematic review. Eur Respir J 2011;38:812-24.

6. Clark SN, Lam HCY, Goode E-J, et al. The Burden of Respiratory Disease from Formaldehyde, Damp
and Mould in English Housing. Environments 2023;10:136.

7. @yaE, Becher R, Ekeren L, et al. Pro-Inflammatory Responses in Human Bronchial Epithelial Cells
Induced by Spores and Hyphal Fragments of Common Damp Indoor Molds. Int ] Environ Res Public
Health 2019;16:1085.

8. Damp and mould. Tower hamlets; 2024. Available: https://www.towerhamlets.gov.uk/ Ignl/housing/
Health_and_housing/Damp-and-mould/Damp_and_mould.aspx

9. GOV.UK. Understanding and addressing the health risks of damp and mould in the home. 2014.
Available: https://www.gov.uk/government/publications/damp-andmould-understanding-and-
addressing-the-health-risks-for-rented-housing-providers/understanding-and-addressing-the-health-
risks-of-damp-and-mould-in-the-home--2

10. Ombudsman H. Open-letter-to-member-landlords-november-2022.2022. Available: https://www.
housing-ombudsman.org.uk/wp-content/uploads/2022/11/Open-letterto-member-landlords-
November-2022.pdf

11. McKenzie S. Can I have a letter for the housing, doctor? Arch Dis Child 1998;78:505-6.

12. Hadaway V, Parker R, Whitehouse A. Housing and health — impact of mould on children with asthma.
Eur Respir ] 2022;60:2546.

Moorcroft C, et al. Arch Dis Child 2025;110:419-421. doi:10.1136/archdischild-2023-326035

255

RCPCH



Comunicacao curta

'Allergy Centre, Tampere
University Hospital, Tampere,
Finland

“Faculty of Medicine and Health
Technology, University of
Tampere, Tampere, Finland
STampere Center for Child
Health Research, Tampere
University Hospital, Tampere,
Finland

“Department of Food and
Human Nutritional Sciences,
University of Manitoba,
Winnipeg, Manitoba, Canada
*Department of Pediatrics and
Child Health, University of
Manitoba, Winnipeg, Manitoba,
Canada

5The Children’s Hospital
Research Institute of Manitoba,
University of Manitoba,
Winnipeg, Manitoba, Canada
“Institute of Environmental
Medicine, Karolinska Institutet,
Stockholm, Sweden
8Department of Clinical Science
and Education, Sédersjukhuset,
Karolinska Institutet,
Stockholm, Sweden

°Center for Occupational

and Environmental Medicine,
Region Stockholm, Stockholm,
Sweden

"°Faculty of Social Sciences,
Health Sciences, University of
Tampere, Tampere, Finland
"Sachs' Children’s and Youth
Hospital, Sédersjukhuset,
Stockholm, Sweden

Correspondence to

Dr Juho E Kivisto;

juho. kivisto@ tuni. fi

Published Online First 8 February
2025

l '.) Check for updates

© Author(s) (or their
employer(s)) 2025. Re-use
permitted under CC BY.
Published by BMJ.

To cite: Kivisto JE,
Protudjer JLP, Ekstrom S, et
al. Thorax 2025;80:392—
394,

Internamentos hospitalares por asma em adultos
diminuiram significativamente na Finlandia e na

Suécia entre 2006 e 2022

Juho E Kivist6,"?* Jennifer L P Protudjer,*>%7 Sandra Ekstrom),’#?
Jussi Karjalainen,"2 Heini Huhtala, ' Lauri Lehtimaki,"2 Inger Kul[®

RESUMO

Ja foi reportada uma tendéncia decrescente nos interna-
mentos hospitalares por asma entre criancas finlandesas
e suecas. No entanto, as possiveis alteragbes nos interna-
mentos por asma em adultos ainda ndo estao completa-
mente caracterizadas. O nosso objetivo foi investigar a
incidéncia de internamentos hospitalares por asma em
adultos na Finlandia e na Suécia entre 2006 e 2022,
utilizando o Registo Nacional de Altas Hospitalares da
Finlandia e o Registo Nacional de Doentes da Suécia.
Durante o periodo do estudo, a incidéncia de internamen-
tos por asma diminuiu 65,8% na Finlandia (de 84,9 para
29,0 por 100 000 pessoas-ano) e 52,5% na Suécia (de
31,4 para 14,9 por 100 000 pessoas-ano). As incidéncias
de internamentos por asma eram claramente mais eleva-
das na Finlandia em comparagdo com a Suécia no inicio
do periodo de estudo, mas aproximaram-se da paridade
entre ambos 0s sexos ao longo do tempo.

INTRODUCTION

Asthma remains a common chronic disease
worldwide, although decreasing trends in asthma
hospitalisations have been suggested, possibly due
to improved medication and healthcare.! We pre-
viously reported decreasing a trend of asthma hos-
pitalisations among Finnish and Swedish children
during 2015-2020 and approaching parity. Com-
prehensive asthma care in Finland and Sweden
may have contributed to the declining trend in
paediatric asthma hospitalisations.” Previously, the
increase of asthma prevalence has been reported.?
However, the trends in asthma hospitalisations
among adults in Finland and Sweden are incom-
pletely characterised. Thus, we aimed to investi-
gate the incidence of adult asthma hospitalisations
in Finland and Sweden from 2006 to 2022.

METHODS

This study is based on data from Finland’s Nation-
al Hospital Discharge Register and Sweden’s Na-
tional Patient Register. Both registers contain in-
patient data including age, time of hospitalisation
and diagnosis, from all hospitals in the respective
countries.

Hospitalisations of adults aged at least 20 years
with a primary diagnosis of asthma (International
Classification of Diseases, 10th Revision (ICD-10)
codes J45 (asthma) and J46 (status asthmaticus))
from 2006 to 2022 in secondary and tertiary care
were identified from the registers. The primary
outcome was the incidence (per 100 000 per-
sonyears) of hospitalisations for asthma and this
was analysed according to gender in different age
groups (20-29, 30-39, 40-49, 50-59, 60-69, 70-79
and over 80 years).

To compute the change in incidence of asthma
hospitalisations over the study period, year 2022
was compared with year 2006. The annual age-spe-
cific mid-populations were obtained from Official
Statistics of Finland and Statistics Sweden. The in-
cidence of hospitalisation was based on the results

of the entire population of adults in Finland and
Sweden.

Poisson regression was used to calculate inci-
dence rate ratios (IRR) with 95% CI. Statistical
analyses were performed with Stata 13.0 (Stata-
Corp, College Station, TX, USA).

RESULTS

From 2006 to 2022, asthma hospitalisations among
adults at least 20 years of age totalled 37 114 in
Finland and 31 743 in Sweden. During the study
period, the incidence of asthma hospitalisations
decreased by 65.8% in Finland (from 84.9 to 29.0
per 100 000 person-years, IRR 0.34, 95% CI 0.32
to 0.36) and 52.5% in Sweden (from 31.4 to 14.9
per 100 000 person-years, IRR 0.48, 95% CI 0.44
to 0.51).

In both countries, the majority of the hospitalised
adults were females (68.3% in Finland and 67.1% in
Sweden). However, between 2006 and 2022, the in-
cidence of asthma hospitalisations among females
decreased by 62.0% in Finland (from 111.9 to 42.5
per 100 000 person-years, IRR 0.38, 95% CI 0.35 to
0.41) and by 50.2% in Sweden (from 41.0 to 20.4
per 100 000 person-years, IRR 0.49, 95% CI 0.45 to
0.54). Among males, the incidence of asthma hos-
pitalisations decreased by 73.0% in Finland (from
56.0 to 15.1 per 100 000 person-years, IRR 0.27,
95% CI 0.24 to 0.31) and by 54.7% in Sweden (from
21.4t0 9.7 per 100 000 person-years, IRR 0.45, 95%
CI 0.40 to 0.51) (figure 1).

In both countries, the incidence of asthma hos-
pitalisations was higher in the older age groups
throughout the study period (online supplemental
table). Among females older than 80 years of age,
the incidence of asthma hospitalisations decreased
by 60.4% in Finland (from 265.9 to 105.1 per 100
000 person-years, IRR 0.40, 95% CI 0.34 to 0.47)
and by 50.4% in Sweden (from 138.8 to 68.8 per
100 000 person-years, IRR 0.50, 95% CI 0.42 to
0.58). Similarly, among males older than 80 years
of age, the incidence of asthma hospitalisations
decreased by 62.7% in Finland (from 228.1 to 69.1
per 100 000 person-years, IRR 0.30, 95% CI 0.23 to
0.40) and by 66.0% in Sweden (from 84.6 to 28.8
per 100 000 person-years, IRR 0.34, 95% CI 0.26
to 0.47).

DISCUSSION
Based on national-level hospitalisation register
data in Finland and Sweden, the incidence of asth-
ma hospitalisations decreased by 65.8% in Finland
and 52.5% in Sweden between 2006 and 2022. In
both sexes, the incidences of asthma hospitalisa-
tions were distinctly higher in Finland compared
with Sweden in the beginning of the study period
but approached each other during the follow-up.
Our study has some limitations. As data were
based on ICD-codes and hospitalisation statis-
tics, consideration to treatments given in the
emergency department (ED) or patient out-
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comes following discharge was not possible. Moreover, we can-
not be certain if there were inter-country differences in diag-
nosing asthma, although asthma care in the two countries is
regarded very similar.

Our study describes the national trends of asthma hospitalisa-
tions from 2006 to 2022 in two well-defined, neighbouring popu-
lations. The major strength of this study is the use of national level
hospitalisation data from validated and well-established registers
covering practically the whole countries.*> Moreover, the use of
standardised ICD-10 diagnostic coding permitted estimations of
incidence and an international comparison.

Asthma hospitalisations have decreased in many countries due
to improved asthma care and updated guidelines.® However, the
decrease in asthma hospitalisations may not necessarily indicate
a similar decrease in severe asthma exacerbations but rather a
change in healthcare resources (eg, the number of hospital beds)
and the possibility for ED physicians to take patients into ward
care. This study examined hospitalisations in secondary and terti-
ary care. Thus, possible differences in primary healthcare resour-
ces between Finland and Sweden might also explain differences in
secondary and tertiary level asthma hospitalisations between the
countries.

In both countries, the incidence of asthma hospitalisations was
higher in the older age groups throughout the study period but
markedly higher in Finland compared with Sweden. In Finland,
the diagnosis of asthma has been emphasised in the national asth-
ma programme and most of the patients with both asthma and
chronic obstructive pulmonary disease (COPD) have a diagno-
sis of asthma.” It is possible that Swedish patients with comorbid
asthma and COPD more commonly have the diagnosis of COPD
which may explain differences between countries in hospitalisa-
tions labelled due to asthma.® Smoking has been more common
in Finland but has declined in both countries. The differences and
changes in smoking habits may have had an effect on asthma hos-
pitalisations and may explain some of the difference between the
countries.’ The effect of COVID-19 pandemic on asthma hospi-
talisations is unclear since it is not known whether people with
asthma hospitalised due to COVID-19 had a primary diagnosis of
asthma or COVID-19.

Year

SWE women — SWE men

Incidence of hospitalisations for asthma per 100 000 person-years among Finnish and Swedish adults, by sex, between 2006 and 2022.

In conclusion, the incidence of asthma hospitalisations de-
creased markedly in Finland and Sweden between 2006 and 2022.
The incidence of asthma hospitalisation was distinctly higher in
Finland compared with Sweden in the beginning of the study pe-
riod but approached each other among both sexes. The differences
in healthcare resources and practices may explain some of the dif-
ferences between the countries.
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Efeito da hora do dia e da variacao sazonal na
resposta ao broncodilatador:

o estudo SPIRO-TIMETRY

Ben Knox-Brown, >3 Fu Chuen Kon,? Karl Peter Sylvester,"? Akhilesh Jha**

RESUMO

Investigamos a associagao entre a hora do dia e a estacao
do ano em que é realizado o teste e o nivel de resposta ao
broncodilatador numa populacéo hospitalar. Verificdmos
que, por cada incremento de 1 hora ao longo do dia de
trabalho, a probabilidade de uma resposta positiva ao
broncodilatador diminuia em 8%. Um efeito semelhante
foi observado quando o dia foi dividido em dois periodos
— manh4 e tarde. Ao estratificar os dados consoante o
motivo do encaminhamento, o impacto da hora do dia foi
observado apenas nos casos referenciados por suspeita
de asma ou diagndstico de asma. Também constatamos
que a resposta ao broncodilatador era mais comum nos
meses de inverno em comparacdo com o resto do ano.

INTRODUCTION

A key diagnostic criterion of asthma is bronchodi-
lator responsiveness, traditionally defined as an
improvement in the forced expiratory volume in 1
s (FEV)) or forced vital capacity (FVC) after bron-
chodilator administration."

Diurnal variability in symptom presentation is
characteristic of asthma, with previous research
suggesting that a biological clock mechanism is an
important factor in asthma pathogenesis.* With
respect to bronchodilator responsiveness, it is un-
known if the effect of diurnal variability is restrict-
ed to only patients with asthma. Furthermore, the
role of seasonal variation on bronchial hyperreac-
tivity is unknown. We investigated the association
between time of day and season of testing on the
level of bronchodilator responsiveness.

METHODS

We retrospectively analysed data from patients
referred to Cambridge University Hospitals NHS
Foundation Trust between 1 January 2016 and 31
December 2023. Data were included in this study
for all patients who were 18 years or older at the
time of testing, who had acceptable and reprodu-
cible prebronchodilator and postbronchodilator
spirometry.* Data were extracted directly from the
testing software.

Spirometry was instructed by certified physiolo-
gists. Spirometry was performed on the Master-
Screen-PFT-Pro from Vyaire Medical before, and
20 min after inhalation of 400 pg of salbutamol
delivered via a metered dose inhaler and spacer.
Spirometers were calibrated daily and serviced
according to manufacturer guidance. GLI race-
neutral reference equations were used to calculate
the lower limit of normal and percent predicted
values.® We defined bronchodilator responsiveness
for both the American Thoracic Society/Europe-
an Respiratory Society (ATS/ERS) 2005 (change
in FEV, or FVC=12% and >200 mL of the initial
value),1 and ATS/ERS 2022 definitions (change of
>10% relative to the predicted value for FEV, or
FV(C).2

We performed multivariable logistic regression
analyses to investigate the influence of time of day

on the odds of having a positive bronchodilator re-
sponse. We considered time of day in the context
of the working hours of the lung function testing
laboratory (08:30-16:30). We modelled time as a
continuous (per 1-hour increment), binary (08:30-
13:30 vs 13:30-16:30) and categorical predictor
(08:30-11:00 vs 11:01-14:00 vs 14:00-16:30).

We adjusted regression models for age (years),
sex (male/female), body mass index (BMI) (kg/m?),
smoking history (ever/never) and prebronchodila-
tor FEV /FVC. To check for effect modification, we
performed stratified analyses on those referred for
asthma/query asthma vs any other referral reason.
We also investigated the significance of any interac-
tion between referral reason and time of day on the
odds of having a positive bronchodilator response.
We compared the results from the model with the
interaction term to a model with the individual
predictors using the likelihood ratio test. Refer-
ral reason was based on clinical judgement and
extracted from the consultant referral document.
We repeated the above analyses to investigate the
influence of seasonal variation on bronchodilator
responsiveness. We considered results significant if
the p value was less than 0.05. Analyses were per-
formed using Stata V.18 (StataCorp).

RESULTS

Data from 1620 individual patients were inclu-
ded in our analyses (online supplemental efigure
1). 62% (1004 of 1620) were female, mean (SD)
age was 53.2 (16.1) years and mean BMI was
29.4 kg/ m? (7.1). 48% (722 of 1620) of patients
reported having ever smoked, with 58% (944 of
1620) referred for asthma/query asthma. Other
referral reasons are described in online supple-
mental etable 1. 25% of patients (400 of 1620)
had bronchodilator responsiveness according
to the ATS/ERS 2005 definition, compared with
26% (416 of 1620) of patients when using the
2022 definition. A greater proportion of patients
tested in the morning had bronchodilator re-
sponsiveness compared with those tested in the
afternoon for both ATS/ERS 2005 (28% vs 22%)
and ATS/ERS 2022 (28% vs 23%) definitions (ta-
ble 1, figure 1a).

The results of the multivariable logistic regres-
sion showed that per 1-hour increment in the
working day, the odds of having bronchodilator
responsiveness declined by 8% (OR 0.92, 95% CI
0.88 to 0.97). When the time of day was dichot-
omised into morning and afternoon sessions, there
was a similar association, with reduced odds of
bronchodilator responsiveness in the afternoon
(OR 0.68, 95% CI 0.54 to 0.85) (table 2). Patients
referred for asthma/query asthma had a significant
association with bronchodilator responsiveness,
with the magnitude of the effect similar to that of
the main analysis, while there was no association
in those referred for other reasons (online supple-
mental etables 2,3). There was also evidence of a
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Table 1 Characteristics of study participants overall and by testing
time
Morning Afternoon

Overall 08:30-12:30 13:30-16:30

(n=1620) (n=852) (n=768) P value
Demographics
Age, years, mean (SD) 53.2 (16.1) 53.4 (15.9) 53.1 (16.5) 0.704
Female, n (%) 1004 (62%) 540 (63%) 464 (60%) 0.220
White, n % 1498 (92%) 784 (92%) 714 (93%) 0.469
BMI, kg/m?, mean (SD)  29.4 (7.1) 29.8 (7.6) 28.9 (6.4) 0.006
Ever smoked, n (%) 772 (48%) 407 (48%) 365 (48%) 0.922
Referred for asthma/ 944 (58%) 523 (61%) 421 (55%) 0.007
query asthma, n (%)
Baseline spirometry
FEV,, L, mean (SD) 2.5(1.0) 2.4(0.9) 2.6 (1.0) 0.001
FEV,, pp, mean (SD) 86.5 (23.7) 84.3(24.1) 88.9(23.1) <0.001
FVC, L, mean (SD) 3.7(1.2) 3.6 (1.4) 3.7(1.2) 0.017
FVC, pp, mean (SD) 101.0 (20.0)  99.5 (20.2) 102.7 (19.6)  0.001
FEV,/FVC, %, mean (SD) 52.3 (23.4) 54.4 (22.8) 49.9 (23.9) <0.001
FEV,/FVC<LLN, n (%) 1047 (65%) 530 (62%) 517 (67%) 0.032
Postbronchodilator
spirometry
FEV,, L, mean (SD) 2.7(1.0) 2.6 (0.9 2.8(1.0) 0.006
FEV, % change, median 5.7 (1.9, 11.4) 6.5(2.1,12.6) 5.3(1.9,10.6) 0.010
(IQR)
FVC, L, mean (SD) 3.7(1.2) 3.7(1.1) 3.8(1.2) 0.010
FVC % change, median 1.0 (-1.7,5.2) 1.4(-1.6,5.9) 0.5 (-2.0,4.4) 0.002
(IQR)
FEV,/FVC, %, mean (SD) 53.9 (25.4) 56.6 (24.2) 50.9 (26.0) <0.001
FEV /FVC<LLN, n (%) 933 (58%) 467 (55%) 466 (61%) 0.017
BDR 2005 definition, 400 (25%) 234 (28%) 166 (22%) 0.006
n (%)
BDR 2022 definition, 416 (26%) 242 (28%) 174 (23%) 0.008
n (%)

Continuous variables are reported as mean with SD or median with IQR. Categorical
variables are reported as number (n) with percentage (%). Independent t-test

is used to compare differences in means, and Mann-Whitney U test is used to
compare differences in medians between morning versus afternoon testing. x2
test is used to compare differences in the number and percentage in each category
between morning versus afternoon testing. A p<0.05 is considered significant.
ATS/ERS 2005 definition: change in FEV, or FVC =12% and =200mL of the initial
value.'

Reversibility ATS/ERS 2022 definition: change of >10% relative to the predicted
value for FEV, or FVC.?

Predicted values for FEV, and FVC and the LLN for FEV /FVC calculated using race-
neutral reference equations from the Global Lung Initiative.”

ATS/ERS, American Thoracic Society/European Respiratory Society; BDR,
bronchodilator responsiveness; BMI, body mass index; % change, per cent change
pre to post bronchodilator; FEV,, forced expiratory volume in 1 s; FVC, forced vital
capacity; LLN, lower limit of normal; pp, per cent predicted.

significant interaction between referral reason and time of day (per
1-hour increment) on the odds of having a positive bronchodilator
response (p value for likelihood ratio test <0.001).

For the seasonal analysis, proportionally more patients tested
in the winter had bronchodilator responsiveness compared with
other seasons (figure 1b). Compared with those tested in winter,
patients tested in autumn had significantly lower odds of having
bronchodilator responsiveness but only for those with bronchodi-
lator responsiveness according to the ATS/ERS 2005 definition
(OR0.67, 95% CI 0.48 to 0.92) (online supplemental etables 4,5).

DISCUSSION
We have found that in contrast to patients tested in the afternoon,
patients tested for asthma/query asthma in the morning had low-
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Figure 1  Graph showing (A) the association between time of test and
bronchodilator responsiveness and (B) the association between season
of test and bronchodilator responsiveness. ATS/ERS, American Thoracic
Society/European Respiratory Society.

er lung function and were more likely to exhibit bronchodilator
responsiveness. Studies have shown that the clock protein REV-
ERBa controls airway hyperresponsiveness at different times of
day, and that knocking down the Rev-erba gene abolishes the
time-of-day effect.%” The results from our study are consistent with
the recently published RADicA study, which in a relatively small
sample of patients with suspected asthma found that patients self-
reported their worst symptoms in the morning and night, and that
patients were more likely to demonstrate bronchodilator respon-
siveness in the morning compared with the afternoon.® Taken to-
gether, these findings suggest that performing diagnostic testing
when patients are most symptomatic, that is, in the morning, may
improve diagnostic testing. This also reinforces the need to docu-
ment the timing of spirometry testing whenever possible, and that
repeat testing should be done at the same time of day.

Similarly, we also found seasonal variation in bronchodilator
responsiveness, with bronchodilator responsiveness more likely
to be seen in the winter months. Interestingly, previous groups
found that adults or children with asthma or allergic rhinitis dis-
play greater FeNO and methacholine hyperresponsiveness during
pollen season, characteristically seen during summer.”'* We saw a
slight increase in the proportion with bronchodilator responsive-
ness in the summer compared with the spring and autumn, but
still to a lesser extent than seen in the winter. This could be because
previous research has focused on a younger, more atopic popula-
tion where an IgE response is more predominant, compared with
older adults where asthma mortality and hospital admissions are
higher during winter.

Although limited by cross-sectional study design and a lack
of information regarding the formal diagnosis, we show that pa-
tients with asthma/query asthma are more likely to demonstrate
bronchodilator responsiveness if spirometry testing is done in the
morning compared with later in the working day. We also show
that bronchodilator responsiveness is more likely in the winter
months. This should be considered by clinicians when interpret-
ing the results of bronchodilator responsiveness testing. It is im-
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Table 2 Logistic regression analysis of the association between time of test and having bronchodilator responsiveness

ATS/ERS BDR 2005 ATS/ERS BDR 2022
Total n n (%) OR (95%Cl) P value n (%) OR (95%Cl) P value

Time (per hour increment) 1620 400 (25%) 0.92 (0.88, 0.97) 0.001 416 (26%) 0.92 (0.88, 0.97) 0.001
Time (binary)

08:30-12:30 852 234 (28%) ref ref 242 (28%) ref ref
13:30-16:30 768 166 (22%) 0.66 (0.52, 0.83) 0.001 174 (23%) 0.68 (0.54, 0.85) 0.001
Time (tertiles)

08:30-11:00 547 150 (27%) ref ref 156 (29%) ref ref
11:01-14:00 552 140 (25%) 0.86 (0.66, 1.14) 0.316 147 (27%) 0.88 (0.67, 0.16) 0373
14:01-16:30 521 110 (21%) 0.61(0.45, 0.81) 0.001 113 (22%) 0.61(0.46, 0.81) 0.001

Models adjusted for age, BMI, sex, baseline FEV /FVC and smoking status.
A p<0.05 is considered significant.
ATS/ERS 2005 definition: change in FEV, or FVC >12% and >200mL of the initial value.'

Bronchodilator responsiveness ATS/ERS 2022 definition: change of >10% relative to the predicted value for FEV, or Fvc?
Predicted values for FEV, and FVC and the LLN for FEV,/FVC are calculated using race-neutral reference equations from the Global Lung Initiative.”
ATS/ERS, American Thoracic Society/European Respiratory Society; BDR, bronchodilator responsiveness; FEV,, forced expiratory volume in 1's; FVC, forced vital capacity; LLN, lower limit of normal.

portant that prospective studies are conducted to confirm our fin-
dings, with particular focus on repeated measurements of the
same individuals at different times of the day.
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