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Bem-vindos!
Nesta edição, destaca-se um conjunto de artigos de elevada relevância clínica e científica na área da 
Medicina Respiratória.
Em primeiro plano, um estudo com mais de 30 mil adultos com asma nos EUA revela que a não 
adesão medicamentosa por razões económicas permanece comum e está fortemente associada a 
piores desfechos, como agudizações e recursos aos serviços de urgência. Os autores sugerem que as 
reformas no sistema de saúde, como o Affordable Care Act e o Inflation Reduction Act, poderão 
contribuir para uma melhoria gradual na acessibilidade ao tratamento.
Na área da DPOC, um editorial e estudos originais complementares analisam o impacto dos 
corticosteroides inalados na prevenção de eventos cardiovasculares. Embora estes reduzam 
agudizações e declínio funcional, os dados disponíveis não mostram uma redução consistente nos 
eventos cardiovasculares maiores (MACE). No entanto, é sugerido um efeito protetor sobre a 
insuficiência cardíaca, com limitações inerentes aos estudos observacionais.
Outro destaque é o aumento significativo da proporção de pneumonia adquirida na comunidade 
atribuída a Streptococcus pneumoniae — sobretudo ao serotipo 3 — nas últimas duas décadas. Este 
achado levanta sérias questões quanto à eficácia das vacinas atuais e reforça a necessidade de 
estratégias vacinais mais abrangentes, nomeadamente com as novas vacinas conjugadas.
Na área da alergologia pediátrica, três artigos dão suporte robusto à implementação sistemática de 
programas de desclassificação, ou seja, retirada de diagnósticos não confirmados de alergia a 
penicilina em crianças e jovens. As evidências mostram que a maioria dos rótulos de alergia são 
incorretos e que o uso criterioso de testes de provocação medicamentosa, é seguro e eficaz.
Completam esta edição temas de elevada atualidade como o suporte respiratório não invasivo em 
cuidados paliativos pediátricos, a influência de fatores sociais na sibilância infantil e o início precoce 
da fibrose pulmonar.
Desejamos a todos uma leitura proveitosa e inspiradora, com impacto direto na prática clínica e na 
melhoria dos cuidados aos doentes com patologia respiratória.
Boas leituras!

Mário Morais de Almeida
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Editorial

85 Graul EL, Janson C. Thorax

A asma afeta mais de 20 milhões (8%) de 
adultos nos Estados Unidos (EUA) a cada ano.1,2 

Assim como em muitas condições crónicas, 
o mau controlo da asma pode ser atribuído à
baixa adesão ao tratamento medicamentoso
e à redução da qualidade de vida, resultando
num peso elevado para o sistema de saúde e a
economia.3,4 A não adesão aos medicamentos
devido aos custos é um fator importante, 
pois as pessoas enfrentam grandes barreiras
financeiras para acessar os cuidados de saúde
nos EUA, além do próprio impacto financeiro da
condição crónica. Os medicamentos prescritos
representam uma parte significativa dos custos
relacionados às doenças crónicas nos EUA, 
particularmente cerca de ~50% dos gastos com
asma.4

Esforços para reduzir a não adesão 
medicamentosa relacionada a custos não 
só diminuem o fardo financeiro no sistema 
de saúde dos EUA, mas também ajudam as 
pessoas a melhorar os sintomas da doença. 
Pesquisas recentes têm explorado a não adesão 
medicamentosa relacionada aos custos em 
pessoas com doenças crónicas, como doenças 
cardíacas coronárias,5 doenças hepáticas6 e 
doença pulmonar obstrutiva crónica (DPOC),7 
mas deram menos atenção à asma.

Neste contexto, nesta edição da revista Thorax 
com artigos do Archives Disease in Childhood, 
Hung et al.8 abordam essa lacuna no conhecimento 
ao realizar um estudo que investiga o impacto da 
não adesão medicamentosa relacionada a custos 
numa amostra representativa de 30.793 pessoas 
com asma ativa nos EUA. Utilizando dados de 
questionários do National Health Interview Survey 
(NHIS) de 2011 a 2022, os autores analisaram as 
tendências anuais na prevalência da não adesão 
medicamentosa relacionada a custos, os fatores 
associados e a relação entre esta condição e 
eventos adversos relacionados à asma, como 
visitas ao serviço de urgência e exacerbações. 
Uma pessoa foi considerada como tendo não 
adesão medicamentosa relacionada a custos 
se relatou ter omitido doses de medicamentos, 
reduzido o uso ou atrasado o reabastecimento 

de medicamentos no último ano para poupar 
dinheiro, definição consistente com estudos 
anteriores.5,7

Uma tendência decrescente na prevalência 
da não adesão medicamentosa relacionada 
a custos foi observada ao longo do tempo. 
Pessoas mais jovens, do sexo feminino, 
fumadoras, com pior perceção do estado de 
saúde ou com comorbidades apresentaram 
maior probabilidade de relatar não adesão 
medicamentosa relacionada a custos. Diversos 
fatores socioeconómicos também estavam 
associados a uma maior probabilidade de não 
adesão medicamentosa relacionada a custos: 
residir nas regiões do Centro-Oeste, Sul ou 
Oeste (em comparação com o Nordeste), 
não ter seguro de saúde, possuir um nível 
educacional mais baixo e ter uma renda 
familiar inferior a 400% do nível de pobreza 
federal.

Adultos com asma que relataram não adesão 
medicamentosa relacionada a custos tiveram 
maior probabilidade de sofrer exacerbações de 
asma (OR ajustado [aOR]=1,95; IC 95% 1,78–
2,13) e visitas ao serviço de urgência devido à 
asma (aOR=1,63; IC 95% 1,44–1,84).

A tendência decrescente observada na 
prevalência da não adesão medicamentosa 
relacionada a custos entre 2011 e 2022 pode ser 
atribuída à implementação gradual do Affordable 
Care Act (ACA) desde 2010 e à expansão do 
Medicaid desde 2014, que ajudaram a tornar os 
cuidados de saúde mais acessíveis e económicos 
para os americanos.9 A maior probabilidade de 
não adesão medicamentosa relacionada a custos 
entre pessoas com comorbidades também é 
digna de nota. Este achado, assim como os 
relacionados a outros fatores associados 
à não adesão medicamentosa, alinha-se a 
estudos sobre a mesma questão em outras 
condições crónicas.5,7 Evidências demonstram 
que pessoas com múltiplas condições têm 
maior probabilidade e frequência de utilizar os 
serviços de saúde,10 além de enfrentarem um 
maior fardo de medicação e tratamento,10 com 
os elevados custos associados contribuindo para 
a diminuição da adesão medicamentosa.

Importante, o trabalho de Hung et al.8 destaca 
que o Sul dos Estados Unidos apresentou 
um maior fardo de pessoas com asma que 
experienciaram não adesão medicamentosa 
relacionada a custos, em comparação com 
outras regiões dos EUA. Especificamente, o 
Sul teve a maior prevalência de não adesão 
medicamentosa relacionada a custos ao longo 
do tempo, a menor percentagem média anual 
de declínio nesta não adesão e foi uma das duas 

Não adesão ao tratamento medicamentoso 
devido a custos entre pessoas com asma nos 
Estados Unidos: descobertas que reforçam a 
relevância da história e da reforma nos 
cuidados de saúde
Emily L Graul,1 Christer Janson2

regiões com maior probabilidade de ocorrer este 
tipo de não adesão (aOR Sul vs Nordeste=1,42, 
IC 95% 1,25–1,61; aOR Centro-Oeste vs 
Nordeste=1,42, IC 95% 1,26–1,60).

Estes resultados devem ser contextualizados 
à luz da história e do presente. O legado 
de racismo e desigualdade incorporado nas 
políticas de saúde, trabalho e sindicalização no 
Sul contribuiu para uma maior proporção de 
pessoas sem seguro de saúde e enfrentando 
barreiras financeiras para terem acesso aos 
cuidados de saúde.11 Desde o início da expansão 
do Medicaid pelo Affordable Care Act (ACA) em 
2014, quase 75% das pessoas de baixa renda 
e sem seguro de saúde residindo na chamada 
“lacuna de cobertura” (estados dos EUA que 
não adotaram a expansão) estão concentradas 
em três estados do Sul.12

A consideração da reforma contínua dos 
cuidados de saúde e medicamentos nos 
EUA também é crucial na interpretação dos 
resultados. Primeiramente, pesquisas futuras 
baseadas neste trabalho podem observar um 
padrão contínuo de declínio na não adesão 
medicamentosa relacionada a custos à medida 
que as reformas recentes são implementadas. 
O Inflation Reduction Act de 2022 introduziu 
limites nos gastos anuais do próprio bolso para 
inscritos no Medicare, facilitando, indiretamente, 
que empresas farmacêuticas reduzissem os 
custos dos medicamentos, incluindo os da 
asma, beneficiando uma ampla população 
dos EUA.13 Estas mudanças estão andamento 
podem contribuir para uma melhor adesão às 
prescrições de asma, aliviando parte do fardo 
financeiro dos cuidados de saúde.

Em segundo lugar, os autores mostram 
que pessoas que experienciam não adesão 
medicamentosa relacionada a custos têm maior 
probabilidade de sofrer exacerbações de asma.14 
Dado que estes eventos são caros para o sistema 
de saúde dos EUA, os resultados reforçam a 
importância de esforços contínuos em políticas 
e legislação para reduzir as barreiras financeiras 
ao controlo da asma.15

Apesar disso, o Programa de Negociação 
de Preços de Medicamentos do Medicare 
associado ao Inflation Reduction Act reduziu os 
custos de medicamentos para várias condições 
crónicas,16 mas ainda não incluiu medicamentos 
respiratórios, como os da asma, apesar do seu 
elevado custo bruto anual.4,17,18 Isso levanta 
a questão: certos medicamentos para asma 
deveriam ser incluídos na próxima negociação 
de preços?

Limitações do estudo de Hung et al,8 incluem 
os vieses comumente presentes no uso de 
dados de questionários: viés de recordação, 
classificação incorreta devido a autorrelatos e 
desafios em estabelecer temporalidade, típicos 
de estudos transversais. A classificação incorreta 
de DPOC como asma é uma possibilidade notável, 
especialmente entre pessoas idosas com asma que 
são fumadoras atuais ou ex-fumadoras.19 Embora 
a espirometria seja um componente essencial no 
diagnóstico diferencial,2,19 a ligação dos dados 
do NHIS aos dados clínicos não foi possível. 
Pesquisas futuras, baseando-se neste trabalho, 
podem considerar o uso do conjunto de dados 
do All of Us Research Program, onde os dados do 
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NHIS poderiam ser analisados em conjunto com 
outras fontes de dados interligadas.20

Em resumo, o estudo de Hung et al. sobre a não 
adesão medicamentosa relacionada a custos em 
pessoas com asma oferece informações valiosas 
para a nossa compreensão dessa questão em 
doenças crónicas. Os resultados destacam o 
papel substancial das políticas de saúde na 
redução do peso financeiro das prescrições 
para asma. Além disso, enfatizam que, ao 
considerar opções de tratamento para a asma, 
médico e doente devem focar numa abordagem 
personalizada, envolvendo discussões sobre as 
circunstâncias financeiras do doente.
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A polimorbilidade é um componente importante 
da Doença Pulmonar Obstrutiva Crónica 
(DPOC), sendo as doenças cardiovasculares 
algumas das comorbilidades mais relevantes. O 
desenvolvimento de eventos cardiovasculares 
incidentes e recorrentes está relacionado ao 
grau de comprometimento da função pulmonar 
na DPOC. As exacerbações agudas da DPOC 
(AECOPD) estão associadas a um maior risco de 
desenvolvimento de eventos cardiovasculares 
agudos, especialmente nos primeiros 6 meses 
após a exacerbação. As terapias que incluem 
corticosteroides inalados (ICS) reduzem o risco 
de exacerbações. Assim, seria esperado que 
terapias que diminuem exacerbações, como as 
que incluem ICS, também reduzissem os eventos 
cardiovasculares.

Esse foi o tema do estudo “Study to Understand 
Mortality and Morbidity in COPD”, um ensaio 
clínico de 3 anos com mais de 16 000 doentes 
randomizados em quatro grupos (placebo, 
furoato de fluticasona, vilanterol e fluticasona/
vilanterol). Os grupos que incluíram ICS tiveram 
menos exacerbações e menor declínio da função 
pulmonar, mas não apresentaram reduções 
significativas na mortalidade ou em eventos 
cardiovasculares.

Os eventos cardiopulmonares são o foco 
do estudo em andamento “THARROS”, um 
ensaio multicêntrico, randomizado, duplo-cego 
(Fase III), que avalia a eficácia do inalador de 
dose medida de budesonida, glicopirrónio 
e formoterol fumarato em comparação com 
glicopirrónio e formoterol fumarato em desfechos 
cardiopulmonares na DPOC. O estudo pretende 
recrutar até 5000 doentes, com conclusão 
estimada para 2028. O principal desfecho será 
o primeiro evento cardíaco grave ou evento
associado à DPOC, comparando terapias triplas
com broncodilatadores duplos.

O uso de ICS e seu efeito sobre os desfechos 
cardiovasculares também foi explorado por 
Ioannides et al. na edição orignal da Thorax. 
Os autores conduziram um estudo de coorte 
histórico com doentes com DPOC na Inglaterra, 
utilizando dados do Clinical Practice Research 
Datalink Aurum, associados a estatísticas 
hospitalares e de mortalidade do Office of 
National Statistics, cobrindo o período de 1 de 
janeiro de 2010 a 31 de dezembro de 2019. Eles 
não encontraram evidências de que o uso de 
ICS protegesse contra eventos cardiovasculares 

adversos maiores (MACEs), embora tenham 
identificado indícios de proteção contra 
insuficiência cardíaca. Este artigo destaca tanto 
os benefícios quanto as limitações associadas 
às análises baseadas em “evidências do mundo 
real” (RWE).

Um dos principais benefícios é que estas 
coortes podem ser acompanhadas por períodos 
muito mais longos do que os doentes em ensaios 
clínicos. A média de seguimento nesta análise 
foi de 4,67 anos (desvio padrão de 3,29 anos), 
em contraste com ensaios clínicos randomizados 
(RCTs) nesta área, que geralmente apresentam 
seguimento de 1 a 4 anos, sendo os estudos 
mais recentes de apenas 1 ano. Os estudos 
baseados em evidências do mundo real (RWE) 
têm a capacidade de incluir um grupo mais 
abrangente de doentes do que os RCTs. Por 
exemplo, no estudo de Ioannides et al, mais de 
77% das pessoas com DPOC que utilizavam 
ICS ou broncodilatadores foram incluídas nas 
análises. Em comparação, uma análise recente 
mostrou que, em média, apenas 11,2% dos 
doentes com DPOC em ambientes de prática 
geral atenderiam aos critérios de inclusão em 
RCTs.

No entanto, estudos RWE apresentam 
limitações importantes. A maior delas, 
reconhecida pelos autores, é que o tratamento 
não ocorre de forma aleatória. Os médicos 
têm razões específicas para escolher a terapia 
que prescrevem ao doente. Evidências deste 
fenómeno podem ser observadas nesta 
coorte; por exemplo, doentes em ICS tinham 
maior probabilidade de ter asma (46,9% vs 
12,8%) e de terem sofrido uma exacerbação 
(37,5% vs 30%) em comparação com doentes 
que não usavam ICS. Curiosamente, 34,1% 
estavam em monoterapia com ICS, sugerindo 
um componente significativo de asma. Outra 
limitação importante, também reconhecida, 
é que a terapia foi avaliada apenas no início 
do tratamento, permitindo que os doentes 
mudassem de terapia (por exemplo, de ICS 
para não ICS, ou vice-versa), mas ainda fossem 
classificados com base no grupo inicial ao longo 
de todo o estudo. Em análises RWE, a troca 
de medicação ocorre frequentemente, sendo 
uma das mudanças mais comuns após uma 
exacerbação a evolução para terapias triplas (de 
terapia sem ICS para terapia com ICS).

Assim, doentes que não utilizavam ICS no 
início do estudo podem ter começado a usá-lo 
nos anos posteriores devido a uma exacerbação. 
Na análise de Ioannides, o efeito da exposição 
ao ICS sobre insuficiência cardíaca e mortalidade 
cardiovascular mostrou-se protetor nos 
primeiros anos do estudo (quando o grupo com 
ICS provavelmente estava de fato em terapia, 
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enquanto o grupo sem ICS não estava), mas 
não nos anos posteriores do estudo (quando é 
possível que o grupo inicialmente sem ICS tenha 
começado a usar ICS após uma exacerbação). 
Este tipo de viés de classificação incorreta, para 
terapias que podem mudar, aumenta com a 
maior duração do estudo.

A relação entre exacerbações agudas e 
eventos cardiovasculares foi investigada 
considerando diversos mecanismos possíveis, 
como desajuste ventilação/perfusão, inflamação 
sistémica, stresse oxidativo, estado de hiper-
coagulabilidade, hipertensão pulmonar e 
hiperinsuflação dinâmica. Há também a 
hipótese de que o tratamento das exacerbações, 
que inclui atualmente esteroides sistémicos e 
broncodilatadores, pode contribuir para efeitos 
como retenção de líquidos, taquiarritmias e 
eventos cardiovasculares. Essa questão ainda 
precisa de uma avaliação mais específica 
para determinar se uma maior exposição a 
estes agentes aumenta o risco de eventos 
cardiovasculares adversos maiores (MACEs).

No curto prazo, é plausível afirmar que existe 
uma relação entre ICS e redução de MACEs. A 
capacidade dos corticosteroides inalados (ICS) de 
reduzir exacerbações tem sido consistentemente 
demonstrada em diversos estudos realizados 
em várias populações. Tanto as exacerbações 
moderadas quanto as graves estão claramente 
associadas a um aumento no risco de MACEs. 
No entanto, a análise de Ioannides et al levanta 
dúvidas se este benefício é mantido a longo 
prazo, com a resposta a essa questão, em um 
horizonte temporal maior, sendo incerta. Não 
existem ensaios clínicos randomizados (RCTs) 
que tenham investigado estas terapias por mais 
de quatro anos.

Com o surgimento de novas terapias 
aprovadas para a DPOC, que não incluem 
corticosteroides inalados ou broncodilatadores 
de longa duração, a avaliação dessas terapias 
poderá fornecer dados adicionais importantes 
para abordar esta questão. 
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As infeções do trato respiratório inferior (LRTIs) 
continuam a ser uma das principais causas de 
mortalidade respiratória, sendo responsáveis, 
anualmente, por aproximadamente 40.000 mortes 
no Reino Unido e 2,7 milhões a nível global. A 
pneumonia adquirida na comunidade (CAP) é a 
LRTI mais grave no Reino Unido, com uma taxa de 
mortalidade de 8% entre os doentes hospitalizados. 
A sua incidência tem aumentado à medida que a 
população envelhece. Apesar de Streptococcus 
pneumoniae ser a única causa bacteriana comum 
de LRTIs para a qual existe uma vacina eficaz, 
esta bactéria continua a ser a principal causa 
bacteriana de LRTIs, sendo responsável por 16% 
dos casos fatais globalmente e por 40% das CAP 
hospitalizadas no Reino Unido.

O estudo publicado por Lansbury et al. nesta 
edição da Thorax com artigos do Archives Disease 
in Childhood, apresenta dados adicionais que 
sublinham os desafios em reduzir a elevada 
morbimortalidade causada por S. pneumoniae. 
Lansbury et al. analisaram dados de 5186 
pacientes com CAP admitidos em dois hospitais de 
Nottingham entre 2013 e 2023, dos quais 2193 
(42%) foram causados por S. pneumoniae. Este 
estudo destaca-se por diversas razões: (1) o tamanho 
da amostra e a duração permitem avaliar mudanças 
ao longo do tempo; (2) foi realizado em locais com 
ampla experiência em investigação de CAP; e (3) 
utilizou o teste de antigénio urinário Bioplex-24 para 
diagnosticar CAP por S. pneumoniae e identificar o 
serotipo capsular causador.

S. pneumoniae é envolvido por uma cápsula
constituída por cadeias repetidas de três ou quatro 
unidades de monossacarídeos, com composições 
químicas variadas que resultam em mais de 100 
serotipos capsulares diferentes. Todas as vacinas 
existentes para S. pneumoniae baseiam-se em 
antigénios capsulares e protegem apenas contra 
os serotipos incluídos na vacina; portanto, os 
serotipos predominantes na CAP são cruciais para 
a eficácia vacinal. O teste Bioplex-24 identifica a 
presença de antigénios capsulares de 24 serotipos 
comuns causadores de doenças em amostras de 
urina, e um resultado positivo sugere infeção com 
aquele serotipo específico de S. pneumoniae. A 
concordância entre os resultados do Bioplex-24 
e os dados de cultura sanguínea sobre o serotipo 
infetante é de 80%, sendo os restantes 20% 
divididos entre serotipos discordantes, infeções 
com serotipos não identificados pelo Bioplex-24, 
ou resultados negativos no teste.

Embora ainda não se saiba com que frequência 
a colonização nasofaríngea por S. pneumoniae 
sem pneumonia possa gerar um resultado positivo 
no teste Bioplex-24, a baixa carga bacteriana 
durante a colonização e a elevada concordância 
com os resultados de cultura sanguínea sugerem 

fortemente que um teste positivo no Bioplex-24 em 
um doente com CAP reflete o agente patogénico 
causador. Apesar de não identificar infeções por 
serotipos não incluídos no teste, o Bioplex-24 
duplicou a proporção de casos de CAP atribuídos 
a S. pneumoniae, podendo assim melhorar 
significativamente a atual taxa insatisfatória de 
identificação do agente patogénico causador em 
pacientes com CAP.

Lansbury et al. mostram que a proporção de 
pneumonia adquirida na comunidade (CAP) 
causada por Streptococcus pneumoniae aumentou 
de 36% em 2013 para 67% em 2023, um aumento 
surpreendentemente grande e difícil de explicar 
completamente. Uma análise mais detalhada dos 
dados indica que, antes da pandemia de COVID-19, 
a proporção de CAP causada por S. pneumoniae 
aumentava gradualmente, passando de um mínimo 
de 32% em 2015–2016 para 44% em 2018–
2019, mas um aumento significativo adicional 
ocorreu durante a pandemia.

As razões subjacentes a esta mudança não 
são totalmente claras. Parte do aumento pode 
refletir uma maior proporção de CAP atribuída 
a S. pneumoniae com o envelhecimento da 
população. No entanto, o aumento parece ser 
impulsionado principalmente por uma queda 
inesperada nos casos de CAP não pneumocócica 
ao longo do tempo. A supressão da prevalência 
de vírus respiratórios durante os confinamentos 
pode ter contribuído para a redução de CAP não 
pneumocócica, mas a proporção aumentada de 
CAP pneumocócica continuou mesmo após 
a pandemia, quando a incidência de infeções 
respiratórias virais voltou a subir.

Além disso, o critério de admissão para 
pacientes com CAP pode ter mudado ao longo 
do tempo, excluindo casos menos graves de 
CAP. Como a CAP causada por S. pneumoniae 
está associada a pontuações CURB65 mais 
elevadas e maiores taxas de internamento em 
cuidados intensivos, essa mudança pode ter 
reduzido a prevalência relativa de CAP não 
pneumocócica. Outro fator pode ser que a 
CAP não pneumocócica tende a desenvolver-se 
de forma mais lenta do que a CAP por S. 
pneumoniae. O aumento das consultas remotas 
e da prescrição de antibióticos pode ter reduzido 
desproporcionalmente as admissões de casos 
menos graves, como CAP não pneumocócica.

Independentemente das razões subjacentes a 
este aumento na proporção de admissões por 
CAP atribuídas a S. pneumoniae, essa mudança 
reforça a necessidade de uma política vacinal 
mais eficaz contra S. pneumoniae para adultos.

Como a CAP causada pelo serotipo 3 não 
resulta em casos mais graves do que os causados 
por outros serotipos, a alta prevalência do serotipo 
3 não apresenta implicações significativas para a 
gestão clínica. No entanto, possui importantes 
implicações potenciais para as políticas de 
vacinação. Os adultos são vacinados com a vacina 
pneumocócica polissacarídica (PPV), que protege 
contra 23 serotipos (incluindo o serotipo 3), mas 
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apresenta uma eficácia relativamente baixa na 
prevenção da pneumonia, especialmente em 
indivíduos com mais de 75 anos.

A baixa eficácia da PPV tem estimulado um 
interesse recente na vacinação de adultos com 
novas vacinas conjugadas pneumocócicas (PCVs) 
que abrangem um leque mais amplo de serotipos, 
como PCV15, 20 e 21. Estas, teoricamente, poderiam 
proteger contra mais de 80% dos serotipos 
causadores de CAP. Contudo, a eficácia limitada 
das vacinas pneumocócicas contra o serotipo 3 
compromete a rentabilidade geral das estratégias 
de vacinação, mesmo se as políticas forem ajustadas 
para incluir as novas PCVs de maior valência.

Em conclusão, Lansbury et al. demonstram 
uma carga contínua e cada vez mais elevada 
de CAP causada por S. pneumoniae em adultos, 
o que reforça a necessidade de políticas de
vacinação eficazes (incluindo, potencialmente, 
as novas PCVs de maior valência). No entanto, 
o fato de as estirpes do serotipo 3 serem a
causa dominante complica a elaboração destas
políticas devido à sua relativa resistência à
prevenção por vacinação.
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Um em cada 10 crianças é rotulado como 
‘alérgico à penicilina’, a maioria antes de iniciar 
a escola.1 Na maioria dos casos, trata-se de 
exantema viral incorretamente classificado como 
‘alergia’. Confirmar uma alergia verdadeira é 
ainda mais complicado, já que cerca de 80% 
das crianças pequenas com alergia verdadeira 
à penicilina superam essa alergia em 10 anos.2 
Como resultado, cerca de 95% dos rótulos de 
alergia à penicilina são considerados incorretos 
em investigações formais.3

A British Society for Allergy and Clinical 
Immunology (BSACI) publicou uma diretriz em 
2022 para ajudar os clínicos do Reino Unido (sem 
formação formal em alergologia) a desenvolver um 
serviço de desclassificação de alergias à penicilina 
para os seus doentes.3 Essa diretriz baseia-se em 
mais de 10 anos de evidências que mostram que 
o “teste de provocação oral” direto ou o teste de
provocação medicamentosa (DPT) sem avaliação 
inicial por um especialista é seguro.4

A desclassificação de alergias à penicilina 
precisa de ser uma prioridade para os pediatras 
do Reino Unido.5 O National Institute for 
Health and Care Excellence recomenda que 
os clínicos “verifiquem novamente” doentes 
rotulados como “alérgicos à penicilina” antes de 
prescrever um antibiótico não penicilínico, como 
estratégia essencial para reduzir a resistência 
antimicrobiana ao nível populacional.6 Ainda 
assim, um inquérito publicado no ano passado 
revelou que menos de metade dos pediatras do 
Reino Unido questionariam sequer um rótulo de 
“alergia à penicilina”.6

Foram publ icados três art igos que 
aprofundam a base de evidências para apoiar a 
desclassificação de alergias à penicilina. Wilkins 
et al. relataram uma série retrospetiva de 1259 
testes orais de DPT com um beta-lactâmico 
(tipicamente amoxicilina).7 No total, 80 (6,4%) 
dos testes foram considerados positivos: 18 
(1,4%) na dose inicial administrada no hospital 
e 62 (4,9%) em casa (os pacientes receberam 
um curso de 5 dias do antibiótico após o DPT 
inicial no hospital).

Dois casos de anafilaxia foram relatados com a 
dose inicial administrada no hospital, embora um 
terceiro caso também devesse ser considerado 
como anafilaxia devido aos sintomas relatados 
(tosse transitória, rouquidão vocal e sibilância). 
Preditores de um DPT “reativo” (indicando 
uma alergia verdadeira em curso) incluíam um 
histórico de outras alergias a medicamentos 
e uma reação inicial considerada “imediata” 

(início <1 hora após a dose) e “grave”. Cerca 
de 4% dos testes foram considerados equívocos, 
mas, no geral, quase 90% das crianças foram 
desclassificadas.

Grewal e Jay contactaram 313 crianças e jovens 
com histórico de alergia a antibióticos, sendo 
87% destas reações relacionadas com beta-
lactâmicos, que haviam frequentado o serviço 
de urgências.8 Conseguiram contactar 200 
(64%) destas crianças, que foram estratificadas 
por risco com base num questionário. Quinze 
delas foram diretamente desclassificadas com 
base no histórico clínico, enquanto as restantes 
185 receberam a opção de realizar o teste de 
provocação medicamentosa (DPT), que incluía 
uma dose inicial supervisionada seguida por um 
curso de 4 dias de antibiótico administrado em 
casa. Quando a reação inicial era leve e com início 
retardado, a dose inicial do DPT foi administrada 
em contexto de consulta de medicina geral, em 
vez de um ambiente hospitalar. No total, 138 
crianças realizaram o teste de provocação, das 
quais 20 em cuidados primários, sem quaisquer 
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reações imediatas. No entanto, nove crianças 
(6,4%) apresentaram reações leves e de início 
retardado. O processo foi considerado aceitável, 
com base no feedback positivo dos doentes e 
numa taxa elevada de resposta, já que 75% das 
famílias concordaram em participar no teste. 
Ao final, 142 das 313 crianças (45%) foram 
desclassificadas com sucesso.

No Reino Unido, a desclassificação de alergias 
a antibióticos é, geralmente, realizada quando 
as crianças estão saudáveis.3 No entanto, Wong 
et al adotaram uma abordagem diferente, 
recrutando crianças que frequentavam a 
unidade de avaliação urgente devido a doença.9 
Observou-se que 65% das reações relatadas 
estavam relacionadas com beta-lactâmicos 
e, com a aplicação de uma ferramenta de 
estratificação de risco, 37 de 80 crianças (46%) 
foram desclassificadas com sucesso no cenário 
agudo. Estes estudos mostram que estratégias 
proativas para desclassificar crianças com alergia 
a antibióticos são seguras, podem ser realizadas 
em contextos não especializados e alcançam 
uma taxa de sucesso de cerca de 50%.

Dois pontos continuam a gerar dúvidas. O 
primeiro está relacionado à necessidade de 
avaliação especializada em crianças cuja reação 
inicial tem início imediato, ou seja, em menos de 
1 hora após a dose, mas que não seja grave, como 
urticária isolada ou uma erupção cutânea leve. A 
maioria dos algoritmos, incluindo os da BSACI, 
sugere que reações imediatas devem ser critério 
para avaliação por um especialista.3 Grewal e Jay, 
por outro lado, incluíram crianças com este histórico 
em desafios realizados em ambulatório, mas com o 
suporte de uma equipa de alergologia pediátrica. O 
segundo ponto prende-se com o curso de 3 a 5 dias 
do antibiótico a ser tomado em casa após o DPT 
inicial, para excluir reações de hipersensibilidade 
retardadas.3 A base de evidências para esta 
etapa ainda é limitada,1,11 embora estudos, como 
o de Wilkins et al, demonstrem que um DPT10

prolongado pode identificar crianças com reações
de início retardado.7 Por este motivo, muitas
diretrizes continuam a incluir esta etapa como
parte do protocolo.3

Um algoritmo proposto para a desclassificação 
de alergias a antibióticos em crianças e jovens, 
tanto em ambiente hospitalar como em cuidados 
primários supervisionados, é apresentado 
na Figura 2. A desclassificação de alergias a 
antibióticos em crianças é uma prática segura, 
económica e, acima de tudo, uma boa prática 
clínica. Já é hora de tornar esta abordagem uma 
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Figura 1: De cada 100 crianças que relatam 
alergia à penicilina ou amoxicilina, apenas 
uma estará em risco de uma reação alérgica 
do tipo imediato (que pode causar anafilaxia). 
Quatro apresentarão erupções cutâneas 
retardadas, que podem ou não ser alérgicas, 
enquanto 95% não terão qualquer reação.
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rotina e um componente integral da formação 
pediátrica.
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Figura 2: apresenta um algoritmo que auxilia na desclassificação de alergias à penicilina 
e outros beta-lactâmicos em crianças e jovens em contextos não especializados. Um 
ambiente de cuidados primários apoiados refere-se a um local onde o uso de anafilaxias 
não representa dificuldades em termos de equipa, tratamento ou monitorização. 
Quando o teste de provocação medicamentosa oral (DPT) é realizado neste contexto, 
é necessário que um profissional pediátrico sénior esteja informado e disponível (pelo 
menos por telefone) em tempo real para orientação. Se existirem critérios de exclusão, 
o DPT oral deve ser adiado e/ou deve-se procurar aconselhamento especializado
em alergologia. BP: pressão arterial, DPT: teste de provocação medicamentosa,
HR: frequência cardíaca, NHS: Serviço Nacional de Saúde (National Health Service), RR:
frequência respiratória, SCAR: reação adversa cutânea grave.
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RESUMO
Objetivo: Investigar a dificuldade respiratória (disp-
neia) e os distúrbios respiratórios do sono (SDB), que são 
comuns em crianças com condições limitantes da vida, 
mas cujos tratamentos com ventilação não invasiva (NIV) 
ou pressão positiva contínua nas vias aéreas (CPAP) ainda 
são pouco estudados. O estudo descreveu o uso de NIV/
CPAP a longo prazo em crianças num programa de cuida-
dos paliativos pediátricos na França.
Métodos: Foi realizado um levantamento transversal com 
crianças e jovens adultos com condições médicas comple-
xas tratados na rede francesa de NIV pediátrica com NIV/
CPAP a longo prazo. Foram analisadas as características 
dos doentes, bem como os resultados relacionados aos 
benefícios percebidos do NIV/CPAP.
Resultados: Os dados de 50 doentes (68% meninos) 
com idade mediana de 12 anos (variação de 0,4 a 21 
anos) foram analisados. Vinte e três doentes (46%) apre-
sentavam distúrbios do sistema nervoso central e cinco 
(10%) tinham anomalias cromossómicas. Trinta e dois 
pacientes (64%) foram tratados com NIV e 18 (36%) com 
CPAP. O uso de NIV/CPAP foi iniciado devido a um índice 
de apneia-hipopneia anormal em 18 doentes (36%), 
trocas gasosas noturnas anormais em 28 (56%) e após 
falência respiratória aguda em 11 (22%) dos doentes. A 
adesão média ao uso de NIV/CPAP foi de 9,3±3,7 horas 
por noite. O tratamento esteve associado a uma redução 
da dispneia em 60% dos doentes, aumento da duração do 
sono em 60%, melhoria na qualidade do sono em 74% e 
melhoria no sono dos pais em 40%.
Conclusões: Em crianças com condições limitantes da 
vida, o uso prolongado de NIV/CPAP pode estar associado 
ao alívio da dispneia, à melhoria dos SDB e ao benefício 
secundário de melhorar o sono dos pais.

INTRODUCTION 
The number of children with complex and life-
limiting conditions and managed within a paediat-
ric palliative care (PPC) programme is increasing. 
Indeed, due to improvement in care and innovative 
therapies, especially for rare and complex diseases, 
the number of children surviving with chronic 
disorders and multiple comorbidities is increas-
ing. A study performed in 2018 during a 6-month 
period in a respiratory intermediate care unit of 
a tertiary paediatric university in Italy identified 
130 children with medical complexity managed 
within a PPC programme.1 One hundred and ten 
(85%) patients had a rare disease, 42 (33%) a neu-
romuscular disorder and 33 (25%) a central ner-

vous system disorder. A national survey performed 
in Spain in 2019 identified 164 children managed 
within 14 PPC teams, with oncological, neurologi-
cal or neuromuscular diseases being the most com-
mon diseases.2

PPC is a complex mosaic of activities that aim 
to relieve suffering and provide comfort to patients 
and their families, addressing their physical, psy-
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Key messages

What is know about this topic
uDyspnoea and sleep-disordered breathing 

(SDB) are common in children with life-
limiting conditions managed within a 
palliative care programme.

uStudies on treatment with non-invasive 
ventilation (NIV) or continuous positive 
airway pressure (CPAP) in children in 
palliative care are scarce.

uData on the subjective benefit of NIV or 
CPAP in children in palliative care are 
lacking.

What this study ads
uIn children with life-limiting conditions, 

NIV or CPAP may be associated with a 
relief of dyspnoea.

u In children with life-limiting conditions,
NIV or CPAP may be associated with an
improvement in sleep duration and sleep
quality.

uNIV or CPAP in children in palliative care 
may be associated with an improvement 
in their parents’ sleep.

How this study might affect rese-
arch practice or policy

uChildren with life-limiting conditions 
should be screened for dyspnoea and SDB.

uSDB should be evaluated by minimally 
invasive tools in order to minimise bur-
den on patients and families.

uThe potential benefit of NIV or CPAP 
should be evaluated by experts in sleep 
and NIV.
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chological, spiritual, social and ethical needs. The International 
Standards for PPC were published in 2022 and state that the main 
goal is to prevent or eradicate distressing symptoms in order to 
optimise the quality of life of the child and his family.3 The child’s 
physical symptoms should be assessed, treated and monitored 
according to the patient’s individual response, age, culture, and 
whether care is performed at home or in a hospital or hospice.

Dyspnoea and sleep problems are among the most common symp-
toms reported by children with life-limiting conditions and have a 
major impact on the child’s and family’s quality of life.4 Among the 
164 children managed by a PPC in Spain, dyspnoea was the most 
common symptom, reported by 63% of the patients, followed by pain 
(50%), excessive secretions (48%) and sleep problems (47%).2 This 
high prevalence of dyspnoea and sleep problems contrasts with the 
lack of tools and guidelines to screen and treat these symptoms. An 
online questionnaire completed by 23 PPC experts from 13 countries 
on symptoms commonly encountered in PPC showed that 50% of 
the experts found it ‘difficult’ or ‘very difficult’ to find specific litera-
ture and evidence on managing sleep disorders.5 Sleep disorders were 
ranked among the top three difficult symptoms or problems, on the 
same level as delerium, dystonia and neuroirritability.5

The aim of non-invasive ventilation (NIV) or continuous posi-
tive airway pressure (CPAP) is to correct or improve sleep-disor-
dered breathing (SDB) and dyspnoea.6 7 However, the literature 
on the use of NIV/CPAP in PPC is scarce. Of the 130 children 
with complex disease managed by a respiratory team in Italy, 47 
(36%) were treated with long-term NIV >12 hours/day and 26 
(20%) with invasive ventilation. In the Spanish survey, 12% of the 
164 patients were treated with NIV with the same number being 
treated with invasive ventilation. However, no information is avail-
able on the criteria that led to the initiation of NIV, the tolerance 
and adherence of the patients, and the benefit of NIV with regard 
to patient-related outcome measures (PROMs) such as quality of 
sleep and quality of life. As such, the benefit of NIV in children in 
PPC with regard to the improvement in dyspnoea, quality of sleep 
and quality of life was listed as one of the research priorities by 
the recent European Respiratory Society Statement on paediatric 
long-term non-invasive respiratory support.7

The aim of the study was to describe the characteristics of chil-
dren and young adults with a life-limiting condition, treated with 
long-term NIV/CPAP in France between December 2022 and 
March 2023.

MATERIAL AND METHODS
The study was a national cross-sectional survey performed among 
the French national paediatric NIV network which gathers 28 pae-
diatric university centres.8 From 1 December 2022 to 31 March 
2023, the referring paediatrician of the centre filled in an anony-
mous questionnaire for every child treated since at least 3 months 
with NIV or CPAP within a PPC or equivalent. Only patients be-
longing to life-limiting or life-threatening conditions of Category 
3 (‘Progressive conditions without curative treatment options’) or 
Category 4 (‘Irreversible but non-progressive conditions causing 
severe disability leading to susceptibility to health complications 
and likelihood of premature death’) were included.9 Patients with 
neuromuscular disease were excluded as they represent a specific 
disease entity belonging to Category 2 (Conditions where prema-
ture death is inevitable).9 As not every hospital has a specific PPC, 
patients were included if their care comprised at least two of the 
following multidisciplinary decisions:
u ‘Limitation of care’
u ‘Do-not-intubate’ decision
u ‘Comfort care only’
u Management by a PPC
u Management by a paediatric pain team
u Presence of an advanced directive.

Some young adults, aged 18–21 years, who were followed within
the NIV paediatric network since childhood and initiated on NIV/
CPAP before the age of 18 years, and who were not yet transitioned 
to an adult centre, were also included.

The survey was developed by the members of the NIV network 
and comprised the same information collected on a previous na-
tional survey on long-term paediatric NIV/CPAP such as age, gen-
der, main diagnosis, investigations performed before NIV/CPAP 
initiation, parameters that led to the decision of NIV/CPAP treat-
ment, NIV/CPAP duration, mean objective NIV/CPAP adherence 
during the last month obtained from the device built-in software, 
type of interface, NIV/CPAP settings and the prescription of ad-
ditional respiratory technologies at home.8 Within the context of 
PPC, additional information on medical treatment and non-respi-
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ratory technologies was also gathered. As every patient was seen at 
least every 3 months on a routine basis, PROMs about the subjec-
tive benefit of NIV/CPAP were asked by the referring paediatric 
pulmonologist to the parents and patients >6 years when possible 
(family/patient), during a routine follow-up visit (table 1). All re-
sponses were centralised and analysed by the NIV centre of Necker 
hospital. All the families/patients gave their informed consent.

RESULTS 
The data of 50 patients (68% boys), median age 12 (0.4–21) years, 
were analysed (table 2). The patients were followed by 15 of the 
28 centres with one to seven patients per centre, with 13 centres 
having no PPC patient treated with long-term NIV/CPAP at the 
time of the survey. All patients had complex and rare diseases with 
the most common diseases being disorders of the central nervous 
system (n=23, 46%), chromosomal anomalies (n=5, 10%) or pe-
ripheral neurological diseases (n=3, 6%) (table 2). Three patients 
were older than 18 years but were managed since childhood by a 
paediatric centre (one patient with Kenny Caffey syndrome, one 
patient with encephalopathy and one patient with fibrodysplasia 
ossificans progressiva). The patients had a median of three (two to 
six) PPC decisions with ‘limitation of care’ for 98% of the patients, 
‘do-not-intubate’ for 72%, ‘comfort care only’ for 46%, with an ad-
vanced directive being available for 70% of the patients (table 3). 
Sixty-six per cent were managed by a PPC and 50% by a paediatric 
pain team. Opioids were prescribed to 36% of patients, analgesics 
to 48%, anxiolytics to 30% and melatonin to 20% for sleep prob-
lems (table 3). Sixty per cent of the patients had oxygen at home, 
62% a pulse oximeter and 62% a succion equipment (table 3). Fifty 
per cent of the patients had an airway clearance device at home 
and 68% of the patients had a gastrostomy. Forty-six patients lived 
at home, 23 attended a specialised medical institution, 4 attended 
a specialised boarding school and 3 attended a normal school with 
a school life assistant.

A poly(somno)graphy (P(S)G) was performed prior to NIV/
CPAP initiation in 44% of patients while 33% had only a nocturnal 
pulse oximetry (SpO2) with a transcutaneous carbon dioxide pres-
sure (PtcCO2) recording (table 4).

The decision of NIV/CPAP initiation was taken on objective cri-
teria in 78% of the patients (table 4): a high Apnoea-Hypopnea 
Index in 36% of patients, an abnormal nocturnal SpO2 and PtcCO2 

alone in 56% of patients, or one of these last two parameters in 8% 
of the patients. In 22% of the patients, NIV/CPAP was initiated 
during an acute respiratory failure, severe inspiratory dyspnoea 
(8%) or witnessed apnoeas (8%).

Sixty-four per cent of the patients were treated with NIV and 
36% with CPAP. Mean CPAP level was 8±1.5 cm H2O (table 5). 
For NIV, mean inspiratory and expiratory pressures were 16±5 cm 
H2O and 7±2 cm H2O, respectively, with a mean backup rate of 
21±5 breaths/min. Mean objective adherence was excellent with 
a mean use of 9.3±3.7 hours/night (table 5). None of the patients 
used his NIV/CPAP less than 4 hours/night and only one patient 
used NIV >16 hours/day. The majority of patients (78%) used a 
nasal interface. 

PROMs were available for 86% of the parents. Sixty per cent 
of these family/patients, reported that NIV/CPAP was associated 
with a decrease in their child’s dyspnoea, 60% of parents reported 
an improvement in their child’s sleep duration, 74% an improve-
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ment in their child’s sleep quality, and 40% of the parents reported 
an improvement in their own sleep (figure 1). NIV/CPAP was 
also associated with a decrease in hospitalisations for respiratory 
episodes (n=12), in daytime fatigue with an increase in alertness 
(n=6), a decrease in respiratory secretions (n=2), a decrease in epi-
leptic episodes (n=1), the withdrawal of daytime oxygen therapy 
(n=1) and an increase in weight (n=1). The improvement after 
NIV/CPAP did not differ according to the initiation after objec-
tive measurements or after a clinical evaluation only. Five (10%) 
patients died during the 4 months of the data collecting period.

DISCUSSION
This study is the first to show that long-term NIV/CPAP may be 
associated with a subjective improvement in patient’s dyspnoea, 
sleep duration and sleep quality, and an improvement in parents’ 
sleep, in children and young adults with complex life-limiting di-
sorders and managed within a PPC or equivalent. All patients had 
rare and complex disorders, mainly of the central nervous system 
and an excellent objective adherence to NIV/CPAP.

This study explores a major area that is largely underdiagnosed 
and undertreated in children managed within a PPC. Fifty chil-
dren were identified in this cross-sectional study, which represents 
approximately 3.5% of the total number of children treated with 
long-term NIV/CPAP in France, or 4.7% when excluding children 
with neuromuscular disease.8 This number is larger than the 19 
children included in the Spanish study but comparable to the 47 
children in the single-centre Italian study.1 2 This may be explained 
by the fact that the Italian study and the present study were per-
formed by paediatric pulmonologists who have been concerned 
with SDB and its management. However, given the extremely high 
prevalence of dyspnoea, SDB and sleep problems in children in 
PPC,2 it is probable that SDB is underevaluated.

The diagnosis of SDB is challenging in children with life-limi-
ting disorders. The patients are usually uncomfortable, the patient 
and the family may be reluctant to perform sophisticated exams 
like a PSG, and the cooperation of the child may be difficult as 
many children have disorders associated with a developmental 
delay and poor cooperation. This gives weight to simplified tools 
able to monitor sleep duration and sleep quality. Respiratory po-
lygraphy may be an alternative to PSG.7 Abnormal nocturnal gas 
exchange may also justify NIV or CPAP on its own.7 10 Actigraphy 
has also been shown to be a valuable tool to assess sleep behaviour, 
sleep efficiency and abnormal breathing in eight children in PPC.11 
But NIV or CPAP may also be indicated in some clinical situations 
such as acute respiratory failure.7 In the present study, NIV/CPAP 

was initiated on clinical criteria in 22% of the patients. A more sys-
tematic assessment of SDB is highly recommended in this popula-
tion, at least on clinical symptoms, as the main objective of NIV/
CPAP in PPC is to relieve dyspnoea and SDB symptoms.

The medical complexity of the patients is reflected by the un-
derlying disorders and the multiple devices prescribed at home. 
Indeed, 62% of the patients had a disorder of the central nervous 
system, a chromosomal anomaly or a peripheral neurological di-
sease (table 2). Sixty-eight per cent of the patients had nutritional 
problems requiring a gastrostomy. More than half of the patients 
had also ‘as needed’ oxygen therapy, guided by punctual SpO2 
measurements by means of a pulse oximeter. This high depen-
dence on respiratory and non-respiratory technology is compara-
ble to the experience of other paediatric centres.1 2

One of the major interests of our study is that NIV/CPAP was 
associated with a decrease in dyspnoea in 60% of the patients with 
an increase in sleep duration and sleep quality. These results are in 
line with the excellent objective NIV/CPAP adherence in patients 
of whom a majority have a developmental delay and behaviour 
problems. This high NIV/CPAP adherence may be an additional, 
indirect marker of the patients’ comfort with NIV/CPAP. 

Parental care for a child with a life-limiting condition is a com-
plex physical and mental burden. Indeed, a recent review observed 
that caregiver health was negatively impacted in 84% of cases with 
pain and sleep problems being the most common problems,4 un-
derlining the urgent need of interventions aimed at improving 
physical and mental health in caregivers.4 There seems also to be 
an association between patient-reported severity of symptoms and 
caregiver symptoms with sleep symptoms being among the most 
common complaints.12 The improvement of dyspnoea and SDB by 
means of long-term NIV/CPAP in selected children with life-li-
miting conditions may thus be one tool to decrease the caregivers’ 
burden.

As the study was performed within the French paediatric NIV 
network, the recruitment of the patients may be biased. Indeed, 
in the literature, the majority of PPC children have neurological 
diseases, oncological and haematological cancers, heart disease, or 
a variety of congenital and chromosomal abnormalities.1 2 4 11,13–15 
The patients were cared by 15 centres with a limited number of 
patients per centre. Only 66% of the patients were managed by an 
official PPC. Indeed, as not every participating centre had a dedi-
cated PPC, we made the choice to list a series of multidisciplinary 
decisions associated with a limitation of care. As this was a cross-
sectional study including only patients treated with NIV/CPAP 
since at least 3 months, we have no information on the patients 
who were not proposed NIV or who did not tolerate or refused 
NIV/CPAP.7 The decision to initiate or not long-term NIV in chil-
dren has been shown to be stressful for parents.16 Parents want 
comprehensive, balanced information on the impact of long-term 
NIV on their child but also on the family. When the child has a 
profoundly serious and life-limiting condition, they should have 
the option not to initiate long-term NIV.16 A shared decision with 
a NIV trial during a determined period allowing the evaluation of 
PROMs, may be an option in this situation. The benefit of NIV/
CPAP was assessed by PROMs. And finally, information on the 
parent (mother or father) who responded to the questions, as well 
as their age, education and income level, was not available.

In conclusion, this study shows the high adherence and major 
subjective benefit of long-term NIV/CPAP in selected children 
and young adults with life-limiting disorders. This supports the 
inclusion of pulmonary paediatricians in the management of these 
patients and the usefulness to screen and treat dyspnoea, by means 
of autoassessment and heteroassessment tools for patients who are 
unable to communicate, and SDB with minimally invasive tools in 
these patients in order to minimise burden on patients and fami-
lies.
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RESUMO
Objetivos: Avaliar a implementação de um programa 
liderado por uma equipa de vigilância antimicrobiana 
para a desclassificação de alergias a beta-lactâmicos em 
doentes pediátricos hospitalizados, utilizando testes de 
provocação oral direta (OPT).
Desenho: Estudo de melhoria da qualidade com duração 
de um ano, usando um desenho de antes-depois.
Local: Hospital pediátrico terciário independente.
Doentes: Doentes com alegações de alergia a beta-lactâ-
micos admitidos na unidade de internamento de medicina 
pediátrica.
Intervenções: Após avaliação padronizada e estratifi-
cação de risco dos sintomas relatados, os doentes com 
histórico de baixo risco foram submetidos a OPT. As eti-
quetas de alergia a beta-lactâmicos foram removidas se o 
histórico relatado fosse considerado não alérgico ou após 
um OPT bem-sucedido.
Principais medidas de resultado: Remoção de etique-
tas inadequadas de alergia a beta-lactâmicos.
Resultados: Foram avaliados 80 doentes com 85 relatos 
de alergias a beta-lactâmicos. A idade mediana foi de 8,1 
anos (IQR 4,8–12,9) e 34 (42%) eram do sexo feminino. 
A maioria (n=55, 69%) tinha uma condição médica sub-
jacente. A amoxicilina foi a alergia mais relatada (n=25, 
29%). As reações relatadas foram principalmente derma-
tológicas (n=65, 77%). Metade dos participantes (n=40) 
não eram elegíveis para OPT, em igual proporção por moti-
vos clínicos ou pela natureza da reação relatada. Dos 40 
doentes elegíveis, 28 (70%) foram desclassificados ape-
nas com base no histórico (n=10) ou após OPT (n=18). 
Todos os OPTs foram bem-sucedidos. A desclassificação 
permitiu que cinco doentes adicionais (11% daqueles que 
receberam antibióticos) recebessem o beta-lactâmico pre-
ferencial. Incluindo os doentes posteriormente avaliados 
na clínica de alergia, quase metade de todos os doentes 
avaliados foram desclassificados (n=37, 46%).
Conclusões: Um programa liderado por uma equipa de 
vigilância antimicrobiana, utilizando OPT direto, mostrou-
-se viável e seguro para ampliar a desclassificação de aler-
gias a beta-lactâmicos em doentes pediátricos admitidos
na unidade de internamento de medicina pediátrica.

INTRODUCTION 
Beta-lactam antibiotics are among the most 
prescribed medications in paediatric patients 
for many infections due to their consistent effi-
cacy and tolerability.1 Approximately 10% of the 
population report having a beta-lactam allergy, 
although 90% of these patients can tolerate them 
after formal allergy evaluation.1 2 Patients with a 
beta-lactam allergy label frequently receive alter-
native antibiotics that are less effective and more 
costly.1 Having a beta-lactam allergy label is asso-
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uSelf-reported beta-lactam allergies are 
often inaccurate and and have negative 
individual and population health impli-
cations.

uMounting evidence supports the safety 
and diagnostic accuracy of a direct oral 
provocation test (OPT) among those with 
low-risk histories in the paediatric allergy 
clinic setting.

WHAT THIS STUDY ADDS
uAn antimicrobial stewardship program-

led paediatric inpatient beta-lactam 
allergy de-labelling programme using an 
OPT was safe and feasible.

uThe majority of reported reactions to oral 
beta-lactams (including cephalosporins 
and other penicillin-based antibiotics) 
were considered low risk.

uDe-labelling during hospital admission 
yielded both immediate and short-term 
benefits to the care received by paediatric 
patients.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uWith the increasing awareness of the 
potential harm and burden of inappro-
priate beta-lactam allergy labels, allergy 
specialists alone cannot meet this demand 
for assessments.

uEngaging antimicrobial stewardship
programmes in paediatric beta-lactam
allergy assessments can increase access to
this essential service and allow for expan-
sion to other clinical areas.
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ciated with negative potential health consequen-
ces.1 Since beta-lactam allergy labels are often 
acquired in childhood,2 removing inappropriate 
labels (ie, de-labelling) in children may provide 
lifelong benefits.

After an appropriate history, patients reporting 
low-risk reactions can safely receive a direct oral 
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Study design
We performed a single-centre quality improvement study using a 
before–after design, prior to which patient beta-lactam allergies 
were not routinely assessed. Following the De-LABeL Programme
implementation, we prospectively enrolled patients with a beta-
lactam allergy on their EMR admitted to the paediatric medicine 
inpatient unit over a 1-year period (23 January 2018–22 January 
2019). Clinical information and inpatient antibiotic use were 
extracted from EMRs. The primary outcome was the removal of 
inappropriate beta-lactam allergy labels from the EMR. Inpatient 
de-labelling was reported monthly and summarised as a propor-
tion with corresponding CI, then compared with a historical cohort 
of patients admitted to the paediatric medicine inpatient unit (1 
January 2016–31 December 2016).3 We consulted the Standards 
for Quality Improvement Reporting Excellence 2.0 guidelines in 
the formulation of this report.4

RESULT
During the study period, 3674 patients were admitted to the pae-
diatric medicine inpatient unit including 109 with a reported beta-
lactam allergy. 80 patients underwent a standardised beta-lactam 
allergy assessment (73%) (online supplemental table 2). Median age 
was 8.1 years (IQR 4.8–12.9) and 34 (42%) were female. The majo-
rity (n=55, 69%) had an underlying medical condition, of which 31 
(56%) were children with medical complexity. 75 patients reported a 
single beta-lactam allergy (94%), 5 patients reported more than one 

provocation test (OPT) with amoxicillin or penicillin.2 Antimicro-
bial stewardship programmes aim to improve the appropriate use 
of antimicrobials and are well positioned to increase the availabi-
lity of beta-lactam allergy testing.2 The primary objective of this 
quality improvement project was to evaluate the implementation 
of an antimicrobial stewardship programme-led inpatient beta-
lactam allergy de-labelling programme using a direct OPT on the 
paediatric medicine inpatient unit.

METHODS
The De-Labeling of Allergies to Beta-Lactams Programme
In collaboration with the Divisions of Allergy and Immunology, 
Infectious Diseases and Pharmacy, a De-Labeling of Allergies 
to Beta-Lactams (De-LABeL) Programme using a direct OPT 
was developed in 2018 (figure 1). An antimicrobial stewardship 
programme member identified inpatients with a reported beta-
lactam allergy on their electronic medical record (EMR) and 
conducted a standardised beta-lactam allergy assessment (online 
supplemental table 1). Reported symptoms were risk stratified as 
non-allergic, low risk or high risk. Patients with low-risk reac-
tions and no contraindications were offered a two-step OPT 
during the admission (online supplemental figure 1). Those with 
high-risk reactions or contraindications were referred to allergy 
clinic. Beta-lactam allergy labels were removed from the EMR if 
a patient was considered non-allergic based on history or after 
successful OPT.
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beta-lactam allergy (6%) and 9 patients also reported other antibiotic 
allergies (11%). Reported reactions are described in table 1. Two-
thirds of reported reactions involved penicillins (n=55, 71%) and the
most reported allergen was amoxicillin (n=25, 29%). Low-risk der-
matological reactions were the most frequently reported reaction 
(n=56, 66%). High-risk histories (n=17, 20%) included five reports 
of anaphylaxis.

40 patients were eligible for OPT (figure 2), with a median of 
2 patients each month (range 0–10). Over two-thirds of eligible 
patients were de-labelled as inpatients (n=28, 70% (95% CI 53.47%, 
84.45%)), 10 based on history alone and 18 with OPTs. All OPTs 
were successful without any immediate reactions or unplanned 
emergency department (ED) visits. Pre-intervention, none of the 
76 patients with reported beta-lactam allergies were de-labelled. 
Following implementation of the De-LABeL Programme, the pro-
portion of eligible inpatients de-labelled significantly changed from 
baseline (p<0.000) (figure 3). 16 patients not eligible for an inpatient 
OPT were subsequently assessed in the allergy clinic. An additional 
nine patients were de-labelled; four patients had their beta-lactam 
allergy confirmed and three patients could not have a true beta-
lactam allergy ruled out due to insufficient clinical information or 
incomplete testing.  Overall, almost half of the 80 patients assessed 
during the study were de-labelled (n=37, 46%). 14 patients presen-
ted to hospital (eg, ED, clinic visit, hospital admission) within the 
following year, and none of the beta-lactam allergy labels reappeared.

Antibiotic treatment was indicated in 46 (58%) patients at the time 
of their beta-lactam allergy assessment (online supplemental table 
3). Where beta-lactams were the recommended therapy based on 

hospital guidelines, 26 patients (67%) were receiving the preferred 
antibiotic (which differed from the reported beta-lactam allergy). 
De-labelling allowed five additional patients to receive the preferred 
beta-lactam (n=31 of 40, 78%), including stepdown to a narrow-
spectrum oral antibiotic. In the year following their beta-lactam 
allergy assessment, 22 patients received antibiotics during subsquent 
admissions, including 11 who were previously de-labelled. Patients 
were more likely to receive the preferred beta-lactam if they were 
previously de-labelled (n=8 of 9, 89%) compared with those who 
were not (n=4 of 9, 44%).

DISCUSSION
We demonstrated that an antimicrobial stewardship programme-led
programme for routine assessment and systematic removal of inap-
propriate beta-lactam allergy labels appropriately identified eligible 
patients, with all patients who underwent an OPT successfully being 
de-labelled. 70% of eligible patients were de-labelled as inpatients, 
and none of the beta-lactam allergy labels reappeared. Consequen-
tly, an additional 12% of patients receiving antibiotics had their the-
rapy optimised. 

We found 80% of reported reactions were either low risk or not 
in keeping with an allergy, and all patients who underwent an OPT 
were de-labelled successfully. Our experience aligns with literature 
from the paediatric allergy clinic setting.2 Bauer et al recently descri-
bed their clinical care pathway to assist physicians in identifying and 
de-labelling inappropriate penicillin allergies among low-risk pae-
diatric inpatients.5 They de-labelled 11.7% of patients who reported 
a penicillin allergy. In comparison, we de-labelled 26% of patients 
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who reported a beta-lactam allergy during admission, including a 
similar proportion after OPT. Our antimicrobial stewardship pro-
gramme-led approach may have improved identification of patients, 
assessment and testing of reported beta-lactam allergies. Further-
more, using an OPT for all reported oral beta-lactams (including 
first and second-generation cephalosporins) increased the number 
of patients who were eligible for inpatient de-labelling.

The economic impact of routine paediatric inpatient beta-lactam 
allergy assessments has not been previously described in the Cana-
dian context. In Ontario, we estimated a direct healthcare system 
cost of $C202 (US$145) for each allergy clinic assessment and OPT 
testing (including physician services and antibiotic dose).6 Assu-
ming all de-labelled inpatients would have been referred to an al-
lergist, we estimate cost-savings of over $C5000 during this 1-year 
study by avoiding the need for 28 allergy clinic consultations and 
testing.

Limitations include the single-centre experience, the small po-
pulation size and limited ability to assess future antibiotic use and 
reappearance of beta-lactam allergy labels. Strengths include the 
antimicrobial stewardship programme-led approach to routine 
inpatient paediatric beta-lactam allergy de-labelling and the use of a 
direct OPT for all reported oral beta-lactams.

CONCLUSION
Our antimicrobial stewardship programme-led programme using 
a structured beta-lactam allergy assessment tool and subsequent 
direct OPT where appropriate was feasible and safe for expanding 
beta-lactam allergy de-labelling to patients admitted to the paedia-
tric medicine inpatient unit. De-labelling during hospital admission 
yielded both immediate and short-term benefits to the care received. 
Our experience builds upon existing paediatric literature focused on 
the use of amoxicillin or penicillin for direct OPTs, suggesting this 
approach is safe for oral first and second-generation cephalosporins 
as well.

Author affiliations
1Division of Infectious Diseases, McMaster Children’s Hospital, Hamilton, Ontario, Canada
2Department of Pediatrics, Faculty of Health Sciences, McMaster University, Hamilton, Ontario, Canada

3Division of Infectious Diseases, The Hospital for Sick Children, Toronto, Ontario, Canada
4Division of Immunology and Allergy, The Hospital for Sick Children, Toronto, Ontario, Canada
5Department of Paediatrics, Temerty Faculty of Medicine, University of Toronto, Toronto, Ontario, Canada
6Department of Pharmacy, The Hospital for Sick Children, Toronto, Ontario, Canada
7Division of Paediatric Medicine, The Hospital for Sick Children, Toronto, Ontario, Canada
8The Hospital for Sick Children, Toronto, Ontario, Canada

X Jacqueline Wong @JWong_PedsID, Adelle Atkinson @AtkinsonAdelle and Kathryn Timberlake @KatTPharmD
Acknowledgements The proposal for this project was submitted as part of the Pediatric Infectious Diseases Society 
(PIDS) Antimicrobial Stewardship Award. We would like to thank the PIDS Committee on Antimicrobial Stewardship 
for their input and mentorship in developing the proposal.
Contributors JW, MS, AA and KT conceived of and conceptualised the study design. JW contributed to data curation, 
assisted with the formal analysis, prepared the data visualisations and wrote the original draft. CEB contributed to
the conceptualisation of the study design. BM conducted the formal analysis. MS contributed to the study investiga-
tion, provided overall supervision for the study, and is the guarantor for this study. All authors reviewed and edited 
the final manuscript, revised it critically for important intellectual content and gave approval for final submission.
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 None declared.
Patient consent for publication Not applicable.
Ethics approval This study involves human participants. This project was approved as a quality improvement project, 
by the Hospital for Sick Children’s Quality and Risk Management Department. Participant consent was not required.
Provenance and peer review Not commissioned; internally peer reviewed.
Data availability statement Data are available upon reasonable request. Deidentified participant data that 
underlie the results will be available following publication. Researchers who provide a scientifically sound proposal 
will be allowed access to the aggregate participant data. Proposals should be directed to michelle. science@ sickkids. 
ca or wongj37@ mcmaster. ca. These proposals will be reviewed and approved by the investigator and collaborators 
on the basis of scientific merit.
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 dis-
claims 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
Jacqueline Wong http://orcid.org/0000-0002-7583-8137
Kathryn Timberlake http://orcid.org/0000-0002-1445-9053

REFERENCES
1 Abrams EM, Atkinson AR, Wong T, et al. The importance of Delabeling beta-lactam allergy in children. J 

Pediatr 2019;204:291–7. 
2 Vyles D, Antoon JW, Norton A, et al. Children with reported penicillin allergy: public health impact and 

safety of Delabeling. Ann Allergy Asthma Immunol 2020;124:558–65.
3 Wong J, Torres M, Timberlake K, et al. Prevalence and impact of Β-lactam allergies at a Canadian pediatric 

center. Open Forum Infect Dis 2018;5:S112.
4 Ogrinc G, Davies L, Goodman D, et al. SQUIRE 2.0 (standards for quality improvement reporting excel-

lence): revised publication guidelines from a detailed consensus process. BMJ Qual Saf 2016;25:986–92.
5 Bauer ME, MacBrayne C, Stein A, et al. A Multidisciplinary quality improvement initiative to facilitate peni-

cillin allergy Delabeling among hospitalized pediatric patients. Hosp Pediatr 2021;11:427–34.
6 Ontario Ministry of Health. Schedule of benefits: physician services under the health insurance act. Ontario: 

Queen’s Printer, June 2023
7 Cheng A. Emergency treatment of Anaphylaxis in infants and children. Paediatrics & Child Health 

2011;16:35–40.



Asma

102 Hung C-T, et al. Thorax 2024;2025;80:16–23. doi:10.1136/thorax-2024-221778

RESUMO
Contexto: A asma descontrolada pode estar relacio-
nada à não adesão aos medicamentos, e as dificuldades 
financeiras podem ser um fator importante nessa não 
adesão. Como as condições económicas e a gestão da 
asma mudaram ao longo do tempo, é essencial realizar 
uma investigação abrangente sobre a não adesão aos 
medicamentos relacionada ao custo (CRN) entre adultos 
com asma.
Objetivo: Avaliar tendências, prevalência e determinan-
tes da CRN, bem como seu impacto no controlo da asma 
em adultos nos EUA.
Métodos: Foram utilizados dados da National Health 
Interview Survey de 2011 a 2022. A análise de regressão 
joinpoint foi empregada para avaliar as tendências na 
prevalência de CRN. Um modelo de regressão logística 
multivariada foi utilizado para identificar fatores associa-
dos à CRN. Outros dois modelos de regressão logística 
multivariada examinaram as associações entre CRN e 
eventos adversos relacionados à asma, como ataques de 
asma e visitas às urgências por asma.
Resultados: Um total de 30.793 adultos com asma 
foram incluídos, representando 8,1% (19,38 milhões) da 
população dos EUA. De 2011 a 2022, foi observada uma 
tendência de queda na prevalência de CRN entre adul-
tos com asma nos EUA. Aproximadamente um em cada 
seis adultos com asma não aderiu aos medicamentos 
devido ao custo. Diversos fatores, incluindo características 
demográficas e comorbidades, foram associados à CRN. 
Adultos com asma que apresentavam CRN tiveram um 
risco aumentado de ataques de asma (OR ajustado, 1,95; 
IC 95% 1,78 a 2,13) e de visitas às urgências por asma 
(OR ajustado, 1,63; IC 95% 1,44 a 1,84).
Conclusão: Sendo a asma uma das principais doenças 
crónicas, o impacto da não adesão aos medicamentos 
relacionada ao custo destaca a necessidade de políticas 
apropriadas e apoios sociais para enfrentar esses pro-
blemas.

INTRODUCTION
Asthma is one of the most common chronic dis-
eases, affecting 5.4% of the population globally.1 
In 2021, the Centers for Disease Control and Pre-
vention estimated that approximately 20.3 million 
adults (8.0%) had asthma in the USA. Asthma is 
an illness with a high economic burden on soci-
ety, which accounted for $81.9 billion in total costs 
in 2013.2 Among healthcare expenses for asthma, 
prescribed medications were the most expensive 
types of care, constituting nearly half of asthma 
spending.3 Asthma can be properly managed with 
asthma medications.1 The goals of asthma man-
agement are to achieve good symptom control 
and minimise risks of asthma-related mortality, 
exacerbations and side effects from treatment.1 
However, the prevalence of uncontrolled asthma 
remains high.2 Patients with uncontrolled asthma 
face increased risks of adverse outcomes, inclu-
ding emergency room (ER) visits, hospitalisations, 
and absenteeism from school and work.1

One factor that contributes to uncontrolled 
asthma is medication non-adherence.4 5 Adhe-

rence to asthma medications tends to be poor, with 
reported rates of non-adherence varying widely 
from 22% to 66%.5–7 A study with 5504 patients 
investigated the adherence with fluticasone/sal-
meterol combination therapy and showed that pa-
tients filled enough medication to cover about 22% 
of days in a 1-year follow-up period.6 Medication 
non-adherence is complex and multifactorial and 
represents a major issue in treating patients with 
asthma.4 Financial hardship is a major factor which 
leads to medication non-adherence.4 8 Previous 
studies suggest that individuals with a low income 
or low socioeconomic status were more likely to 
have asthma exacerbations.8 Patients might delay 
taking or even skip prescribed medications if they 
are unable to afford treatment costs.4 This phe-
nomenon consequently results in cost-related non-
adherence to medications (CRN) and adversely af-
fects their asthma control.

The prevalence of CRN ranges 10%–25% among 
different chronic diseases in the USA.9–11 Prior 
evidence demonstrated that patients who reported 
CRN were at higher risk of hospitalisation and un-
planned emergency visits than those without such 
problems.4 11 Several factors are associated with 
experiencing CRN, including age, sex, income and 
comorbidities.9–11 However, most previous stu-
dies conducted to investigate CRN were related to 
chronic diseases in general but were not specific to 
asthma. The extent to which CRN affects patients 
with asthma has not been well established. The de-
terminants of CRN among individuals with asthma 
in the USA also remain unclear. Since economic 
conditions and medical management of asthma at 
the individual and population levels have changed 
over time,1 12 a better understanding of the trends in 
CRN is crucial in the USA, particularly given that 
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a substantial proportion of the population has healthcare expenses 
far beyond their means.10

To bridge the study gap, this study aimed to (1) analyse the trend 
and prevalence of CRN, (2) investigate factors associated with 
CRN and (3) examine associations between CRN and asthma-
related adverse outcomes among adults with asthma in the USA.

METHODS
Data source
We used data from the National Health Interview Survey (NHIS) 
from 2011 to 2022. Conducted by the National Center for Health 
Statistics (NCHS), the NHIS is a nationally cross-sectional sur-
vey which represents the US non-institutionalised population.13 
Information of the NHIS is collected through questionnaires ad-
ministered by trained interviewers from the NCHS.13 They collect 
a broad range of information including demographic, socioeco-
nomic and health conditions.13 The NHIS uses a complex sampling 
design, which involves stratification, clustering and weighting to 
provide estimates for the non-institutionalised population in the 
USA.13 Data from the NHIS are publicly available as deidentified 
data through the NCHS.13

Study population
Adults with current asthma were included as the study population.
We selected adult respondents aged 18 years or older from the 
Sample Adult file in the NHIS. Current asthma was defined as 
respondents who answered affirmatively to both of the following 
questions: ‘Has a doctor or other health professional ever told you 
that you have asthma?’ and ‘Do you still have asthma?’.14 15

Outcomes
In aims 1 and 2, CRN was the study outcome. CRN was defined 
as an affirmative response to any of the following questions: (1) 
‘Did you skip medication doses to save money over the past 12 
months?’; (2) ‘Did you take less medication to save money over the 
past 12 months?’; and (3) ‘Did you delay refilling medications to 
save money over the past 12 months?’.9–11 15 These three questions 
were defined as the components of CRN. 

In aim 3, asthma-related adverse events were the study outcomes, 
including asthma attacks and ER visits for asthma. Asthma attacks 
were identified by an affirmative response to the following ques-
tion: ‘During the past 12 months, have you had an episode of 
asthma or an asthma attack?’. ER visits for asthma were defined by 
an affirmative response to the following question: ‘During the past 
12 months, have you had to visit an emergency room or urgent 
care center because of asthma?’.14

Covariates
In this study, covariates were categorised into the following groups: 
age (grouped into 18–40, 41–60 and >60 years old), sex (male and 
female), race/ethnicity (non-Hispanic white, Hispanic, non-His-
panic black and others), region (Northeast, Midwest, South and 
West), educational level (less than high school and high school/
higher), health insurance (not covered and covered), poverty sta-
tus, representing family incomes as multiples of the federal pover-
ty level (FPL) (<100%, 100%–<200%, 200%–<400% and ≥400%), 
work status (employed and unemployed), smoking status (non-
smoker, former smoker and current smoker), perceived health sta-
tus (good and poor), marital status (married or living with partner 
and single or living alone) and comorbidities (obesity (body mass 
index of ≥30 kg/ m2), hypertension, diabetes mellitus, coronary 
artery disease, hypercholesterolaemia, chronic obstructive pulmo-
nary disease, liver disease, kidney disease and cancer).

Statistical analyses
Statistical analyses were implemented for each of the study aims. 
In aim 1, we estimated the prevalence and trend of CRN among 
US adults with asthma from 2011 to 2022. To obtain national es-
timates, survey-weighted proportions were used based on analytic 
guidelines of the NHIS.13 A joinpoint regression analysis was used 

to evaluate the statistical significance of the trend in CRN during 
the study period.16 The average annual percentage change (AAPC) 
was determined with a joinpoint regression analysis, and we re-
ported whether the AAPC was significantly different from zero.16 
In aim 2, the Rao-Scott χ2 test was used to assess differences in co-
variates among adults with asthma who reported CRN and those 
who did not. In addition, a multivariable logistic regression was 
used to investigate factors associated with reporting CRN. In aim 
3, multivariable logistic regression models were used to examine 
associations between CRN and asthma-related adverse events, in-
cluding asthma attacks and ER visits for asthma. Statistical signifi-
cance was assessed with a two-tailed alpha of 0.05. The joinpoint 
regression analyses were performed with the Joinpoint Regression
Program by the National Cancer Institute, V.5.0.2.17 Other analy-
ses were performed with survey-specific tools using Stata, V18.0 
(StataCorp). 

Sensitivity analysis
To test the robustness of our study results, we conducted several 
sensitivity analyses. The three components of CRN were evalu-
ated separately for each aim. In aim 1, we estimated trends in the 
prevalence of each component of the CRN separately. In aim 2, 
multivariable logistic regression models were used to assess factors 
associated with each component of the CRN. In aim 3, multivari-
able logistic regression models were used to examine associations 
between each component of the CRN and asthma-related adverse 
events.

Subgroup analysis
To identify a group that might benefit most from targeted poli-
cies or interventions, we conducted a subgroup analysis for Aim 
1. Trends in the prevalence of CRN were stratified by respondents’
region (Northeast, Midwest, South and West).

RESULTS
The 2011–2022 NHIS included 378 350 sample adults. Among 
them, 30 793 adults had asthma, representing approximately 8.1% 
(19.38 million) of the US population. Table 1 shows the weighted 
prevalence of CRN from 2011 to 2022 among US adults with asth-
ma. Overall, 17.8% of US adults with asthma reported CRN, rep-
resenting an estimated 2.99 million of the US population. Among 
the components of CRN, 11.6% (1.95 million) of US adults with 
asthma skipped medication doses to save money, 12.4% (2.06 mil-
lion) took less medication to save money and 15.1% (2.54 million) 
delayed refilling medications to save money. Figure 1 and online 
supplemental table 1 show the trend in prevalence of CRN from 
2011 to 2022 among US adults with asthma. The prevalence of CRN 
significantly decreased during the 12-year period (AAPC=−5.0, 
95% CI −6.1 to −3.8), with a decline from 23.2% in 2011 to 13.1% 
in 2022. In sensitivity analyses, this declining trend was also ob-
served in each component of CRN (skipped medication doses to 
save money: AAPC=−6.5, 95% CI −7.9 to −5.1; took less medica-
tion to save money: AAPC=−6.2, 95% CI −7.3 to −5.1; and delayed 
refilling medications to save money: AAPC=−5.1, 95% CI −6.2 to 
−4.0). Online supplemental table 2 provides detailed results from
the joinpoint regression analyses.
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Table 2 demonstrates the characteristics of US adults with asth-
ma. Adult patients with asthma aged over 60 years were the least 
likely to report CRN compared with those aged 18–40 and 41–60 
years (21.5% vs 18.7% and 21.5%, p<0.01). Females were more 
likely to report CRN than males (19.5% vs 14.4%, p<0.01). Among 
the race/ethnicity groups, non-Hispanic blacks were the most like-
ly to report CRN. In addition, characteristics significantly associat-
ed with higher percentages of CRN included residing in the South, 
having an educational level of less than high school, lacking health 
insurance coverage, having a family income of 100%–<200% of the 
FPL, being a current smoker, having poor perceived health status 
and being single or living alone. As to comorbidities in adults with 
asthma, liver disease was the most commonly reported among 
those who experienced CRN. Patients with two or more comor-
bidities were the most likely to report CRN compared with those 
with one comorbidity and those with no comorbidities (20.3% vs 
16.4% and 14.3%, p<0.01).

Figure 2 and online supplemental table 3 present results of the 
multivariable logistic regression model. After the adjustment for 
all covariates and the survey year, patients with asthma who were 
younger, female, resident of the Midwest, South or West, with an 
educational level of less than high school, without health insur-
ance coverage, with a family income of <400% of the FPL, a cur-
rent or former smoker and with comorbidities were associated 

with higher odds of reporting CRN. Those with a good perceived 
health status were associated with lower odds of reporting CRN. In 
the sensitivity analysis, we investigated factors associated with the 
three components of CRN (online supplemental table 4). Results 
were similar to those in the main analysis and showed that age, 
sex, region, educational level, health insurance coverage, family 
income, work status, smoking status, perceived health status and 
comorbidities were predictors for reporting CRN.

Figure 3 shows associations between CRN and asthma-related 
adverse events. More than half of the patients reporting CRN ex-
perienced asthma attacks. Approximately 19.0% of patients re-
porting CRN visited the ER for asthma. Adults with asthma who 
reported CRN had significantly higher odds of having asthma 
attacks (adjusted OR, 1.95; 95% CI 1.78 to 2.13) and ER visits 
for asthma (adjusted OR, 1.63; 95% CI 1.44 to 1.84) compared 
with patients without CRN. These results were consistent with 
those in the sensitivity analysis examining the three components 
of CRN (online supplemental table 5). Adults with asthma who 
skipped medication doses, took less medication and delayed re-
filling medications to save money had nearly two times the odds 
of having an asthma attack than those without CRN. Similarly, 
adults with asthma who reported any components of CRN had 
approximately 1.6-times higher odds of visiting the ER for asth-
ma than those without CRN.
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In the subgroup analysis, decreasing trends in the prevalence of 
CRN over time were found across all regions among patients with 
asthma. Notably, those residing in the South exhibited the smal-
lest decline in CRN prevalence (AAPC=−5.0, 95% CI −7.0 to −3.2) 
(online supplemental tables 6 and 7).

DISCUSSION
Using nationally representative data, we provided insights into 
the prevalence, trend, factors and impacts of CRN among patients 
with asthma. We found that nearly one in six patients with asthma 
was non-adherent to medications due to cost. Over the past 12 
years, there has been a declining trend in the prevalence of CRN 
among patients with asthma in the USA. Several factors, inclu-
ding demographics and comorbidities, were associated with CRN 
among asthma patients. Patients with CRN were at a high risk of 
experiencing asthma-related adverse events.

In this study, we estimated that 17.8% of patients with asthma ex-
perienced CRN, which was higher than the prevalence observed in 
patients with other chronic diseases.9 10 Kang et al used Behavioral 
Risk Factor Surveillance System data from 2013 to 2014 and found 
that 16.5% of US adults with diabetes experienced CRN.9 Previous 
studies have showed that adherence to medications was poor in 
patients with asthma.5–7 With a nationally representative popula-
tion, our findings support that cost might be an important consi- 
deration. Xia et al also reported that 15.8% of patients with a his-
tory of asthma were non-adherent to medications due to cost con-
siderations, which was comparable to our estimates.15 The present 
study reinforces the recommendation that patients with asthma 
are best controlled when they are prescribed and take medications 
that are strongly recommended by clinical guidelines.1

From 2011 to 2022, we observed a declining trend in the preva-
lence of CRN among patients with asthma. This trend might be 
attributed to healthcare policies in the USA. In 2010, the Patient 
Protection and Affordable Care Act was enacted which aimed to 
improve access to health insurance and services.12 18 A significant 
strategy in the Affordable Care Act was the expansion of Medi- 
caid, up to 138% of the FPL, with the aim of improving health out-
comes for minorities.12 18 Shi et al found that Medicaid expansion 
was associated with increased utilisation of asthma medications 
among low-income patients with asthma in the USA from 2007 
to 2018.12 With fewer barriers to accessing healthcare, including 
medications, patients may be more willing to fill prescriptions 
for medications to control their asthma than before, potentially 
leading to a decrease in CRN.18 Further research comparing data 
before and after the implementation of the Affordable Care Act 

is needed to evaluate its impact on CRN among patients with 
asthma.

Our findings showed that female sex and younger age were asso-
ciated with CRN, which were consistent with previous studies.9–11,15 
Our findings add to evidence that the gender disparity remains 
an issue in CRN among patients with asthma. Although younger 
patients might have fewer medical problems and be actively em-
ployed,19 they still had nearly two times the odds of experiencing 
CRN. Possible explanations could be lower earnings, making it 
harder to cover healthcare costs, or because they are less likely to 
be in a marriage or partnership where health responsibilities are 
shared. Adults aged 30–44 are more likely to be enrolled in high 
deductible health plans, which require individuals to pay more out 
of pocket for healthcare needs until the deductible is met.20 These 
health plans are often associated with greater cost-related non-ad-
herence.21 We found that low-income or uninsured patients with 
asthma were at increased risk for CRN. In such vulnerable popu-
lations, financial hardships could contribute to non-adherence. 
They might try to skip or reduce medication doses to save money.22 
Without health insurance coverage, the cost of prescribed medica-
tions could result in higher out-of-pocket expenses for them, mak-
ing it more challenging to afford necessary healthcare utilisation. 
Notably, patients with 100%–200% of FPL had the greatest CRN. 
This near-poor population often does not qualify for Medicaid in-
the USA, which might increase barriers to access healthcare.23 24 

For example, a US national report showed that 23.9% of near-poor 
individuals were uninsured, compared with 26.2% of the poor 
population.23 Decreased health insurance coverage might make 
near-poor patients more vulnerable to CRN.23 Therefore, targeted 
policies to support this near-poor population with asthma are war-
ranted to ensure that they are not left behind.

In our study, we found patients residing in the South and Mid-
west were associated with increased odds of experiencing CRN. 
Additionally, individuals from the South exhibited the highest 
CRN prevalence in most study years and the smallest decline in 
prevalence, which might be explained by differences in access to 
healthcare across geographical regions.25 26 People living in the 
South, particularly in rural areas, might face reduced healthcare 
utilisation due to financial burdens.26 Furthermore, residence in 
the South was associated with an increased risk of uncontrolled 
asthma,25 which is possibly reflected by the increased CRN rates 
observed among Southern residents. Therefore, targeted policies 
or interventions to reduce CRN may consider prioritising those 
residing in the South. Patients with asthma who had lower edu-
cational levels reported CRN more frequently than those with 
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higher educational levels. The level of education is associated with 
a number of factors that impact health outcomes, including health 
literacy.27 Patients with a low health literacy might not be aware of 
the importance of routine medication use for their asthma control. 
This finding also underscores the need for healthcare providers to 
actively encourage their patients to take prescribed medications 
regularly for better asthma control. In this study, we demonstrated 
that asthma patients with comorbidities were more likely to expe-
rience CRN than those without comorbidities. This finding aligns 
with previous research on patients with other chronic diseases.9–11 
Patients with comorbidities often experience a high pill-burden.28,29 
This problem not only causes high medication expenses but also 
discourages them from taking medications on time,28 ultimately 
leading to medication non-adherence due to costs. These findings 
underscore the need for health policy interventions to alleviate fi-
nancial constraints due to medication expenses. Future studies can 
also investigate the financial burden of patients with asthma who 
experienced CRN.

Our study demonstrated that patients with asthma who experi-
enced CRN are at increased risk of asthma-related adverse events, 
including asthma attacks and ER visits. This finding was consistent 
with previous studies.30 31 Williams et al showed that 24% of asthma 

exacerbations were attributable to non-adherence to inhaled corti-
costeroids.30 Focusing on cost considerations, our results revealed 
that non-adherence was still an issue in poor asthma control. For 
healthcare providers, it is imperative to monitor patient’s adhe-
rence to medications to prevent asthma exacerbations, especially 
when treating patients with financial concerns. As the continuous 
use of asthma medications is associated with substantial costs in 
the long run,2 32 understanding patient’s economic conditions and 
preferences is important. For example, shared decision-making 
with patients before initiating treatments can serve as a valuable 
approach.33 This collaborative process allows patients to choose 
medications that are affordable, potentially improving adherence 
and achieving better asthma control. Moreover, employing real-
time prescription benefit tools to provide prescribers with patient-
specific drug pricing and alternatives at the point of prescribing 
could be beneficial.34 These tools may help improve medication 
adherence and reduce prescription drug costs,34 ultimately leading 
to a decrease in CRN.

Our findings also carry important policy implications. First, 
healthcare policies related to frequently monitor CRN rates are 
necessary, particularly for underserved populations with asthma, 
such as those without health insurance or living in the South. Fur-
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thermore, collaboration with public health experts can help esta-
blish targeted CRN prevalence goals to be achieved through policy 
interventions. Reducing CRN may not only improve asthma con-
trol but also alleviate the financial burden on the healthcare sys-
tem.35 In 2002, the annual cost of non-adherence among patients 
with asthma to the US healthcare system was estimated at $300 
billion.35 A US study further demonstrated that a 25% improve-
ment in adherence was associated with a 10% reduction in the 
odds of asthma-related ER visits or hospitalisations.36 Therefore, 
ongoing efforts to enhance medication adherence are essential to 
reduce its economic impact on patients with asthma. In the USA, 
several state governments have implemented laws which cap the 
cost of asthma inhalers for patients at between $25 and $50 start-
ing in 2025,37 while some pharmaceutical manufacturers have in-
troduced caps on out-of-pocket spending for asthma inhalers for 
certain patients.38

There are several strengths of this study. First, our study was 
conducted with a nationally representative survey dataset, which 
enhanced our generalisability to the overall US population. Fur-
thermore, by using data from 2011 to 2022, we provided a compre-
hensive view of the trend and prevalence in CRN among US adults 
with asthma over the past 12 years, as well observations of public 
policy that expanded health insurance access during that time. 
However, there are some limitations to our study. First, the NHIS 
relies on self-reporting by respondents, and recall bias might exist. 
Without medical records or diagnostic tests, individuals’ disease 
status might be misclassified. Future research using data sources 
that can be linked to clinical healthcare records may mitigate di-
sease misclassification. Second, due to the cross-sectional design, 
the results can only be interpreted as associations rather than 
causal relationships. Third, we were unable to evaluate the effect of 
asthma severity due to limited measures in the NHIS. It is possible 
that the severity of asthma might affect a patient’s financial deter-
minants of health, and in turn lead to impacts on CRN. Fourth, 
due to limited measures in the NHIS, we could not include vari-
ables reflecting economic indicators, such as the consumer price 
index.39 Future studies may consider adjusting for factors that ac-
count for changes in medication prices when assessing CRN. Fifth, 
as joinpoint regression analysis was primarily designed to evalu-
ate the direction of trends,16 we could not control for covariates 
in the trend analysis. Therefore, further validation using different 
methods for trend analysis is necessary to avoid potential overes-
timations or underestimations of trends in CRN. Sixth, questions 
regarding CRN in the NHIS were broad and based on the overall 
medications taken by respondents. It is possible that the cost of 
asthma medication might not be the driver for CRN, but rather 
a costlier non-asthma comorbidity. However, we adjusted for the 
number of comorbidities to account for the effects of non-asthma 
medications. Further investigation into CRN specific to asthma 
medications is required. Finally, NHIS questions about CRN did 
not specify whether respondents with CRN shared or took other’s 
medications to overcome their cost constraints.40 Patients enga-
ging in such behaviours might still have good asthma control due 
to continued medication use,40 which could potentially underesti-
mate the impact of CRN on asthma control. 

In conclusion, we observed a declining trend in the prevalence 
of CRN over the past 12 years, during which time nearly one in 
six US adults with asthma was non-adherent to medications due 
to costs. Several factors, including demographics and comorbidi-
ties, were found to be determinants of CRN. Patients with asthma 
who had CRN were at an elevated risk of experiencing asthma-
related adverse events. Since asthma is one of the leading chronic 
diseases, the burden in cost-related non-adherence to medications 
highlights the need for appropriate policies and social support to 
address such problems.
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RESUMO
Contexto: Crianças em idade pré-escolar apresentam uma 
das maiores cargas de sibilância aguda. Foram investigadas 
diferenças no uso de cuidados de saúde, tratamentos e 
resultados para sibilância recorrente/asma em pré-esco-
lares de diferentes contextos étnicos e socioeconómicos.
Métodos: Estudo de coorte retrospetivo utilizando 
dados do Clinical Practice Research Datalink vinculados 
às Estatísticas de Episódios Hospitalares na Inglaterra. 
Foram reportados o número de apresentações agudas 
e hospitalizações, estratificados pelo índice de múltipla 
privação (IMD) e etnia; e fatores associados à não esca-
lada do tratamento e taxas de hospitalização, utilizando 
modelos de regressão logística multivariada e de Poisson.
Resultados: Foram incluídas 194.291 crianças em idade 
pré-escolar. Entre as crianças que não receberam medi-
camentos preventivos para asma, aquelas do quintil mais 
privado de IMD (OR ajustado 1,67; IC 95% 1,53 a 1,83) e 
as crianças sul-asiáticas (1,77; 1,64 a 1,91) tiveram maior 
probabilidade de uso elevado de medicamentos de alívio. 
Onde não ocorreu encaminhamento para especialistas, 
as chances de encaminhamento foram maiores no quintil 
mais privado (1,39; 1,28 a 1,52) e em crianças sul-asiáti-
cas (1,86; 1,72 a 2,01) em comparação ao quintil menos 
privado e crianças brancas, respetivamente.
As taxas de hospitalização por sibilância/asma foram 
significativamente maiores em crianças do quintil mais 
privado (IRR ajustado 1,20; IC 95% 1,13 a 1,27) em 
comparação ao menos privado e em crianças sul-asiáticas 
(1,57; 1,44 a 1,70) e negras (1,32; 1,22 a 1,42) em com-
paração às crianças brancas.
Conclusões: Foram identificadas desigualdades no tra-
tamento e morbidade por sibilância/asma em crianças 
em idade pré-escolar de contextos mais privados e não 
brancos. É necessária uma abordagem multifacetada 
para combater as desigualdades de saúde tanto a nível 
nacional quanto local, incluindo uma abordagem mais 
integrada e padronizada ao tratamento, a fim de melhorar 
os resultados de saúde em crianças com sibilância/asma 
pré-escolar.

INTRODUCTION 
Wheezing illnesses in young children are extremely
common, with up to half experiencing an episode 
by the age of 6 years.1 2 Most episodes are mild, 
but some children will experience persistent or 
frequent symptoms resulting in multiple emer-
gency healthcare attendances, and poor quality 
of life.3 4 The prevalence of preschool children 
presenting acutely with wheeze is already higher 
than in any other age group and increasing.5 6 

Although not every preschool child who wheezes 
has asthma, many will go on to be diagnosed with 
asthma in later childhood.6 7

The decision to initiate effective regular treat-
ments to prevent asthma attacks, including 
inhaled corticosteroids,8 9 should ideally follow a 

confirmed physician diagnosis of asthma. However, 
objective lung function testing is not practical 
in very young children, and the sheer volume of 
preschool wheezing illnesses seen by clinicians, 
many of which will be self-limiting viral respiratory 
infections, means clinicians are often hesitant to 
label preschool children, even those with frequent 
wheezing, as having asthma.10 This has resulted 
in overreliance on ad hoc symptomatic treatment 
with short-acting relievers (ie, short-acting beta-2 
agonists (SABAs)) and short courses of oral corti-
costeroids (OCS).

Recent guidance, therefore, recommends that 
health professionals should base decisions to treat 
preschool children with maintenance preventer 
medications on the severity and frequency of 
wheeze episodes, and not necessarily on confirming 
an asthma diagnosis.11
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uIn adults and older children with asthma, 
there is evidence of inequality in treat-
ment, healthcare utilisation and burden 
of illness between different ethnic and 
socioeconomic groups.

uWe do not know if similar differences in 
wheeze/asthma-related health outcomes 
exist in preschool children.

WHAT THIS STUDY ADDS
uThis is the first study to explore the impact 

of socioeconomic and ethnic factors on 
the severity and frequency of wheezing 
illnesses in preschool children.

u We have identified inequalities in the
treatment and morbidity experienced by
preschool children with wheeze/asthma
from more deprived socioeconomic and
from non-White ethnic backgrounds.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

uNational initiatives and strategies to 
reduce health inequalities and improve 
health outcomes in people with asthma 
and wheeze should include a focus on 
preschool children and consider the addi-
tional resources that are needed specifi-
cally for this age group and their families.
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In older children and adults with asthma, treatment approaches, 
healthcare use and burden of illness vary between different ethnic 
and socioeconomic groups.12–14 The majority of previous studies 
have been in adults, and the limited data available for children 
have predominantly been from survey-based studies reliant on 
patient recall.15–17 In the UK, addressing the impact of poverty, and 
ethnicity on asthma outcomes has been identified as a research18 
and health policy19 priority.

We aimed to improve understanding of the burden of wheezing 
illnesses in preschool children, regardless of an ‘asthma’ diagnosis, 
by exploring whether healthcare use and treatment decisions for 
preschool wheeze differ between children from different socioeco-
nomic and ethnic backgrounds, and to describe factors associated 
with worse clinical outcomes.

By finding groups of young children with the highest frequency 
of wheeze episodes, and those where treatment and/or referrals 
for specialist care are not initiated despite a high burden of illness, 
future health policies and interventions to improve management 
of recurrent preschool wheeze can be designed to target at-risk 
groups.

METHODS
Data source
For this retrospective cohort study, we used routinely collected 
healthcare data from the Clinical Practice Research Datalink 
(CPRD) Aurum national primary care database, containing 
deidentified patient information from consenting general practices
(GPs). As of 2022, the dataset included over 13 million currently 
registered patients20 and is broadly representative of the UK popu-
lation in terms of age, gender and ethnicity.21 CPRD contains 
detailed coded data on patient demographics, diagnoses, prescrip-
tion records, laboratory tests and hospital referrals. Primary care 
data from the May 2022 build20 were linked via patient residential 
postcode to small-area-level data22 for socioeconomic depriva-
tion measures, and rural–urban classification data.23 Linkage to 
secondary care data was available from NHS England’s Hospital 
Episode Statistics (HES) Admitted Patient Care (APC),24 Outpa-
tient (OP)25 and Accident and Emergency (A&E)26 databases.

Population
The study population was derived from children aged under 5 
years old, registered with GPs in England contributing data to 
CPRD Aurum who were eligible for linkage with HES.

Children born in a 5-year timeframe (1 January 2009 to 31 
December 2013 inclusive), presenting to primary or secondary 
care with at least one episode of wheeze before their fifth birthday 
were potentially eligible for inclusion. A wheeze event was defined 
by the presence of a wheeze or asthma clinical diagnostic code, 
or prescription data for wheeze/asthma medications from primary 
care records, or a visit to the A&E department and/or hospital for 
treatment of asthma/wheeze (based on ICD10 and A&E codes).

We excluded children with a coded diagnosis of primary ciliary 
dyskinesia, cystic fibrosis, bronchopulmonary dysplasia, bronchi-
olitis obliterans, interstitial lung disease or bronchiectasis.

Outcomes
Children fulfilling the inclusion criteria had their electronic records 
searched for further acute wheeze/asthma-related episodes, medi-
cation prescriptions and hospital attendances/admissions from 
birth until their sixth birthday. Follow-up until the sixth birthday 
was to allow for at least 1 year of follow-up in children presenting 
for the first time near their fifth birthday.  Only children with com-
plete CPRD records until their sixth birthday were included. The 
5-year recruitment period was chosen to allow for a child to be fol-
lowed up until their sixth birthday (potentially up to 31 December
2019) without overlapping with the start of the COVID national
lockdown measures in 2020.

Acute attendances to primary or secondary care were defined 
using clinical diagnostic ‘medcodes’ for primary care, and ICD10/
A&E wheeze/asthma codes for secondary care. Medication codes 
were used to determine prescriptions for asthma relievers (ie, 
SABAs) and preventers (inhaled steroids, long-acting beta-2 ago-

nists and leukotriene receptor antagonists) from primary care 
records. A secondary care referral was defined by the presence of a 
paediatric clinic appointment at any point during follow-up using 
HES outpatient activity data.

To explore factors associated with non-referral to secondary care 
in children where a referral was potentially indicated, we agreed 
on a threshold to define ‘referral indicated’ based on the previous 
burden of illness:

1. More than five reliever prescriptions AND either (a) >2 A&E
attendances, (b) >1 hospital admission or (c) >2 courses of
OCS OR

2. More than 10 reliever prescriptions OR
3. More than 5 OCS prescriptions OR
4. One or more critical care admissions with asthma/wheeze OR
5. More than five A&E attendances with asthma/wheeze OR
6. More than two hospital admissions with asthma/wheeze
A trial of preventer medication was defined as being indicated

based on a previous prescription history of>5 reliever inhalers.

Variables
The following demographic data were extracted from CPRD and 
HES datasets and included in analyses: age of first wheeze, sex, 
region of GP, socioeconomic status, ethnicity, and urban/rural sta-
tus of home address.

Socioeconomic status for each participant was based on the 
2019 English Index of Multiple Deprivations (IMD) linked to the 
patient’s postcode, grouped into quintiles. IMD is a composite 
measure derived from a number of ‘domains’ covering different 
aspects of material deprivation including health, employment, 
income, education and skills, housing, crime, living environment 
and access to services. The overall composite index (IMD) is cal-
culated as a weighted sum of the individual domain scores. A score 
of one denotes ‘least deprived’ and five denotes ‘most deprived’.22 
Ethnicity was defined, from HES datasets, as the most commonly 
recorded ethnicity value across all healthcare episodes recorded in 
HES APC, outpatient and A&E datasets.

For children, CPRD provides month and year of birth only. 
The date of birth was, therefore, approximated as the first day of 
the month of birth combined with the recorded month and year 
of birth. The rural–urban dataset was used to categorise patient 
residences as either primarily ‘rural’ or ‘urban’ as a binary vari-
able at the patient postcode level. The rural–urban classification for 
England is produced by the United Kingdom’s Office for National 
Statistics and is based on census population data. 

The ‘rural’ or ‘urban’ designation is given based on the size of 
the resident population in a given geographical area and does not 
reflect the land use, policy or financial characteristics of an area. 
Areas are classified as rural if they fall outside of settlements with 
more than a 10 000-resident population.27

Clinical diagnostic codes (medcode) were used to define the 
presence of clinical comorbidities including atopy (defined as the 
presence of eczema, hayfever, food allergy and/or rhinitis), gastro-
oesophageal reflux, prematurity and history of bronchiolitis. The 
comorbidity was classified as being present (or absent) based on the 
presence (or not) of the relevant code at any point during follow-up.

Statistical analyses
Baseline characteristics of the cohort were presented by sex, region of 
GP, urban/rural classification, IMD and ethnicity. The age of first pre-
sentation with wheeze/asthma, number of healthcare attendances, 
hospital admissions and reliever prescriptions was summarised as: 
mean (SD) or median (IQR) for continuous variables as appropriate, 
and as counts and percentages for categorical and binary variables.

Healthcare use was explored comparing differences in the num-
ber of children with >1 acute wheeze/asthma presentations to either 
GP or A&E by socioeconomic and ethnic group using the χ2 test. 
Differences in the mean percentage of acute attendances to primary 
care (as a proportion of all presentations to either primary or secon-
dary care) were compared between different socioeconomic and eth-
nic groups using the analysis of variance (ANOVA) test.

Poisson regression analyses were performed to determine factors 
associated with higher rates of (1) hospital admissions, (2) acute 
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healthcare attendances and (3) relievers prescribed for preschool 
wheeze/asthma during the first 6 years of life, adjusted for available 
clinical and demographic characteristics. Robust SEs were used to 
control for mild violations of underlying model assumptions. 

Factors associated with treatment escalation were described using 
the number of relievers prescribed (as a surrogate marker for dura-
tion/severity of symptoms) before the first trial of a preventer medi-
cation reported by socioeconomic status and ethnicity. 

Separate multiple logistic regression analyses were performed 
in children never trialled on a preventer medication, and in those 
never referred to secondary care, to identify factors associated with 
poor symptomatic control in children where treatment had not been 
escalated. We restricted the logistic regression analyses to children 
in whom a referral was ‘never made’ because it was not possible to 
accurately determine the reason for referral (in children who were 
referred to secondary care) from the data available, that is, whether 
for wheeze/asthma or an unrelated condition. Similarly, we only 
included children ‘never trialled’ on a preventer medication to allow 
for methodological consistency between logistic regression models. 
Second, children trialled on preventer medications were not homo-
genous in terms of the number of relievers prescribed prior to their 
first preventer trial.

The dependent (response) variable for each logistic regression 
model was, therefore, (1) whether a trial of preventer was indicated 
or not and (2) whether referral was indicated or not as dichotomous 
variables based on criteria detailed earlier. 

All models were adjusted using the covariates listed earlier. 
Statistical significance was set at p<0.05. All analyses were performed 
using STATA statistical software, V.17.

Patient and public involvement
Two patient and public involvement (PPI) members identified 
through the Generation R alliance with experience of caring for a 

child with recurrent preschool wheeze were part of the project stee-
ring committee. They have commented on the study protocol and 
have been consulted on the contextual interpretation of the study 
findings and dissemination strategies.

RESULTS
Baseline characteristics
The cohort consisted of 194 291 children (figure 1). The majority 
were male (57%), lived in an urban area (87%) and were from a 
white ethnic background (75%). Regions in England contribu-
ting the most children to the cohort were the North-West, West 
Midlands, London and South-East. Median age of presentation with 
the first episode of wheeze/asthma (not including bronchiolitis) was 
1.0 (IQR 0.0–2.0) years. Almost half (46%) the cohort had evidence 
of atopy (table 1).

Healthcare use
The majority of preschool children had one or no A&E attendance 
with acute wheeze/asthma in the first 6 years of life. For each 
increasing deprivation quintile, there was an increasing propor-
tion of children with >1 A&E attendances. The proportion of chil-
dren from IMD quintile 5 with >1 A&E attendances was 1.6 times 
greater compared with children from IMD quintile 1 (3.1% vs 
1.9%, p<0.001). Similarly, a larger proportion of children from the 
most deprived quintile had >1 primary care attendances with acute 
wheeze/asthma compared with children from the least, however the 
difference was much smaller (14.6% vs 14.1%, p=0.025) (figure 2A).

White children had the lowest proportion of >1 A&E or GP atten-
dances with acute wheeze/asthma compared with any other ethnic 
background. By comparison, black children had more than double 
the proportion of >1 A&E attendances (4.6% vs 2.2%, p<0.001), and 
South Asian children had 1.4 times the proportion of>1 acute GP 
attendances (18.9% vs 13.8%, p<0.001) (figure 2B).
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As a proportion of healthcare attendances to either primary or 
secondary care with acute wheeze/asthma, the majority of presenta-
tions were to primary care. For each increasing deprivation quintile, 
the proportion of presentations to A&E increased (from 12.7% in 
the least to 18.2% in the most deprived). A one-way ANOVA was 
performed to compare the effect of ethnicity on the proportion 
of acute presentations to GP versus A&E. Black children had the 
highest proportion of acute presentations to A&E (24.3%) and white 

children the least (15.1%) (p<0.0001) (online supplemental table 
S1).

Adjusted associations between characteristics and rates of
preschool wheeze-related hospital admissions
Increasing deprivation was associated with higher rates of hospita-
lisations. Compared with children from the least deprived quintile 
1, children from quintile 2 had 5% (adjusted IRR 1.05; 95% CI 1.00 
to 1.10), quintile 3 had 13% (1.13; 1.08 to 1.19), quintile 4 had 17% 
(1.17; 1.11 to 1.23) and quintile 5 had 20% (1.20; 1.13 to 1.27) higher 
rates of acute hospital admissions with wheeze/asthma.

Compared with white preschool children, those from South 
Asian (adjusted IRR 1.57; 95% CI 1.44 to 1.70), black (1.32; 1.22 to 
1.42), other (1.21; 1.10 to 1.32) and mixed (1.25; 1.16 to 1.34) ethnic 
backgrounds all had higher rates of acute hospital admissions with 
wheeze/asthma (figure 3).

Geographically, compared with children living in the North East 
of England, the rate of hospital admissions for wheeze/asthma were 
approximately 30% lower in children living in the East Midlands 
(adjusted IRR 0.71; 0.61 to 0.82), East of England (0.70; 0.63 to 0.79) 
and London (0.73; 0.67 to 0.80), 16% lower in children living in 
Yorkshire and Humber (0.84; 0.74 to 0.95) and 10% lower in chil-
dren living in the South East of England (0.90; 0.82 to 0.98).

In terms of clinical predictors, children with a history of bron-
chiolitis had almost double the rate of hospital admissions (adjusted 
IRR 1.97; 1.89 to 2.04), compared with children without a history 
of bronchiolitis, whereas children with a history of atopy had 67% 
(1.67; 1.61 to 1.73), Gastro-oesophageal reflux disease had 6% (1.06; 
1.01 to 1.11), and being born prematurely had 37% (1.37; 1.28 to 
1.46) higher rates of wheeze-related hospitalisations (figure 3).

Additional Poisson analyses were performed to explore factors 
associated with increasing rates of acute presentations to GP or A&E 
(online supplemental table S2) and prescriptions of reliever medica-
tions (online supplemental table S3), which demonstrated similar 
associated factors as those for hospital admission rates.

Escalation of treatment—trial of preventer medication
A higher proportion of children from increasing deprivation quin-
tiles were prescribed ≥10 relievers prior to a trial of preventer (from 
1.6% in the least to 3.5% in the most deprived) (online supplemental 
table S4), and almost double the proportion of South Asian (5.2%) 
and black (4.3%) children received ≥10 reliever prescriptions prior 
to a trial of preventer medication compared with children from 
white (2.1%), other (2.5%) or Mixed (2.6%) ethnic backgrounds 
(online supplemental table S5).

Of those children not trialled on preventer medication (n=1 28 
351), when adjusted for IMD, ethnicity, sex, urbanicity, region and 
clinical characteristics, children from the most deprived background 
were more likely to have an indication for preventer medication 
compared with children from the most affluent background (OR 
1.67; 95% CI 1.53 to 1.83). Compared with white children, South 
Asian (1.77; 1.64 to 1.91) and black (1.43; 1.28 to 1.60) children were 
also at higher risk of having an indication for preventer medication, 
despite this not being trialled.

Male sex (OR 1.24; 1.17 to 1.31), a rural postcode (OR 1.22; 1.12 
to 1.33), living in the East Midlands (OR 1.30; 1.03 to 1.64) or West 
Midlands (OR 1.19; 1.01 to 1.39) of England, and the presence/
history of atopy (OR 1.51; 1.43 to 1.59) or bronchiolitis (OR 1.64; 
1.53 to 1.75) or premature birth (OR 1.25; 1.11 to 1.41) or younger 
age of first wheeze presentation (OR 0.72; 0.70 to 0.74) were all found 
to be associated with non-escalation of treatment despite indication 
based on number of reliever prescriptions (figure 4).

Escalation of treatment—referral to secondary care
In children where referral to secondary care had not occurred (n=1 
03 491), the risk of indication was 40% higher in children from the 
most deprived background, than children from the most affluent 
background (adjusted OR 1.39; 95% CI 1.28 to 1.52) and almost 90% 
higher in South Asian than white children (1.86; 1.72 to 2.01).

Other factors found to be significantly associated with indication
despite non-referral were male sex (adjusted OR 1.37; 1.29 to 1.44), 



Doença pulmonar pediátrica

113 Lo D, et al. Thorax 2024;79:1050–1059. doi:10.1136/thorax-2023-221210

a rural postcode (1.14; 1.05 to 1.24) and a history of atopy (1.91; 
1.81 to 2.01), bronchiolitis (1.59; 1.49 to 1.70) or younger age of first 
wheeze presentation (OR 0.75; 0.73 to 0.77). Compared with living 
in the North East of England, living in the North West (1.73; 1.39 
to 2.14), the East Midlands (1.45; 1.08 to 1.93), the West Midlands 
(1.56; 1.26 to 1.94), the East of England (1.32; 1.03 to 1.68), the 
South East (1.49; 1.20 to 1.85) and the South West (1.68; 1.35 to 
2.10) were all significantly associated with an indication for hospital 
referral (figure 5).

DISCUSSION
In this large retrospective cohort study of just under 200 000 pres-
chool children, we observed significant differences in burden of 
illness, healthcare use, risk of acute wheeze attacks and escalation 
of treatment for wheeze/asthma between children from different 
socioeconomic and ethnic backgrounds.

Preschool children from more deprived socioeconomic, and 
those from South Asian and black ethnic backgrounds presented 

more frequently to healthcare with acute attacks of wheeze/ asthma 
and had higher rates of hospital admissions compared with children 
from less deprived socioeconomic and those from White ethnic 
backgrounds, even after correcting for clinical and demographic 
covariates.

Worryingly, these same groups of children were also less likely to 
be commenced on a trial of asthma preventer medication and/or 
referred to a hospital specialist despite this being warranted based 
on their burden of illness.

Comparison with other studies
Deprivation has consistently been shown to be associated with 
poorer asthma outcomes and more frequent attacks in adults28–30 

and school-aged children.14 31 32

A recent systematic review, which included 61 mostly adult 
studies comprising over 1 million patients (median age 27.9 years), 
found that more deprived socioeconomic status was associated with 
increased asthma-related A&E attendances (OR 1.61, 95% CI 1.40 to 
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1.84), hospitalisations (OR 1.63, 95% CI 1.34 to 1.99) and need for 
critical care (OR 1.76, 95% CI 1.13 to 2.73).30

There have been reported differences in asthma care and outcomes 
observed among people of different ethnicities.12 13 33 34 Supporting 
the findings from our study, these studies observed higher rate of 
asthma attacks in patients (mostly adults) from black and South 
Asian backgrounds.

Despite preschool children having the highest burden of wheeze/
asthma-related illnesses presenting to healthcare,5 35 there have been 
relatively few studies exploring the impact of ethnicity or socioe-
conomic status in this age group. Previous studies in preschool 
children have focused on reporting the prevalence of a ‘physician-
confirmed asthma diagnosis’ as the primary outcome15 and have 
often been based on parental survey responses16 17 which are limited 
by recall bias.

In contrast to previous studies, we chose not to use ‘asthma 
diagnosis’ as the primary outcome. In preschool children, due to 
symptom overlap with other self-limiting conditions and the lack 
of practical objective tests, confirming an asthma diagnosis is not 
straightforward. Recent national guidelines and strategy documents 
rightly recommend escalation of treatment based on a suggestive 
asthma history, and on the severity and frequency of symptoms.36,37 
To our knowledge, ours is the first study to explore the impact of 
socioeconomic and ethnic factors on the severity and frequency of 
wheezing illnesses in preschool children, and their association with 
hospitalisation rates and treatment escalation decisions, regardless 
of an asthma diagnosis. 

Other key strengths of our study are its large sample size, which 
is representative of the wider preschool population in England, 
and our use of routine electronic healthcare data and standardised 

clinical codes for case finding and outcome definitions. Linkage to 
hospital discharge data further allowed us to capture episodes more 
accurately regardless of healthcare setting.

Limitations
Routine healthcare data are not primarily collected for research 
purposes. How and what information is coded is not standardised 
between health professionals. However, to avoid missing poten-
tial wheeze/asthma episodes, we used a broad inclusion criterion, 
incorporating both clinical diagnostic and prescription codes for 
commonly used asthma medications.

The available datasets only allowed us to capture prescriptions 
issued from primary care, and not prescriptions dispensed from 
either hospital or A&E. This likely resulted in an underestimate of 
prescriptions for asthma medications in children with at least one 
episode, resulting in a hospital attendance or admission.  Conver-
sely, prescriptions recorded in the electronic primary care records 
do not necessarily represent what was dispensed by pharmacies or 
what was used by patients, potentially over-estimating medication 
usage.

Although we included clinical covariates within our analyses, it 
was not possible to account for all possible clinical comorbidities 
which may have an impact on wheeze/asthma outcomes. Obesity, 
as a potential confounder, was not included due to poor, infrequent 
and inconsistent recording of children’s weights and heights within 
electronic records.

The coding of clinical diagnoses from outpatient appointments 
was largely missing, so we could not be certain that outpatient 
appointments were for wheeze/asthma or for another unrelated 
clinical condition. We accounted for this in our analyses by looking 
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specifically at ‘non-referrals’, as we felt we could be relatively certain 
that a child had not been reviewed by a hospital specialist for recur-
rent wheeze/asthma symptoms if there was no coded outpatient 
appointment on record.

Finally, due to the availability of linked secondary care data, our 
study cohort consisted of English preschool children only. However, 
as all four United Kingdom (UK) nations have access to a tax-
funded universal healthcare system, our findings should be genera-
lisable to the UK as a whole, and to other populations with similar 
health systems.

Implications
Reasons for variations in clinical outcomes between groups of chil-
dren we observed are likely complex, multifactorial and have signifi-
cant implications for the well-being of young children with recurrent 
episodes of wheeze. Inequalities in asthma care and outcomes have 
been reported in adults and older school-aged children. Initiatives 
to address these inequalities have been set out by national bodies,38,39 
but key details pertaining specifically to preschool-aged children are 
lacking.

The measure of deprivation used in this study (2019 English IMD) 
is a composite measure derived from seven different domains of 
material deprivation, described in more detail earlier. Any initiatives 
to tackle deprivation and reduce health inequalities would, there-
fore, need to address multiple social challenges in parallel, including 
access to services, poverty, education and the living environment. 
These barriers are beyond the capabilities of individual clinicians to 
overcome, but require collaborative effort from all stakeholders in 
child health to petition for better support and funding for children 
at the national level. 

Individually, healthcare professionals need to be cognisant 
that while wheezing episodes are self-limiting and mild in most 
preschool children, some will follow a more severe clinical 
course and would benefit from regular treatment and health-
care follow-up.

Our PPI collaborators voiced personal experiences of challenges 
in conveying concerns pertaining to their children’s recurrent 
wheeze-related illnesses to health professionals, often feeling ‘not 
listened to’ and made to feel ‘like (overly) anxious parents’.

Physical and cultural barriers to accessing and delivering health-
care to preschool children with recurrent wheeze need to be explored 
further from both families’ and health professionals’ perspectives. A 
better understanding of cultural (health beliefs, stigma and percep-
tion of chronic illness and communication barriers) and physical 
(accessing healthcare, continuity of care and treatment uncertain-
ties) barriers to the delivery of care is needed to inform effective 
strategies and centralised policies to improve how preschool chil-
dren with troublesome wheeze/asthma are cared for. These ques-
tions are currently being addressed as part of a National Institute for 
Health and Care Research-funded study.40

CONCLUSIONS
Our study highlights clinically important inequalities in the treat-
ment and morbidity experienced by a representative sample of 
English preschool children with wheeze/asthma from different 
socioeconomic and ethnic backgrounds. A multifaceted approach 
to tackle health inequality at both the national and local levels, 
which should include a more integrated and standardised approach 
to treatment escalation, is needed to improve health outcomes in 
children with preschool wheeze and asthma.
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RESUMO
Contexto: Com vacinas pneumocócicas de maior valên-
cia no horizonte e novas estratégias de imunização para 
adultos em discussão, o objetivo foi avaliar a contribui-
ção de serotipos pneumocócicos individuais para a carga 
de pneumonia pneumocócica adquirida na comunidade 
(CAP). Foram analisadas tendências na epidemiologia da 
pneumonia pneumocócica em adultos hospitalizados com 
CAP ao longo de 10 anos, bem como fatores de risco e 
gravidade associados ao serotipo 3.
Métodos: Foi realizado um estudo de coorte prospetivo 
com adultos hospitalizados com CAP entre setembro de 
2013 e maio de 2023. Os serotipos pneumocócicos foram 
identificados através de um teste de antigénio urinário 
24-valente específico para serotipos. Foram comparadas
as tendências na proporção de CAP causada por pneu-
mococos e os serotipos causadores no período pré e pós-
pandemia. Fatores de risco e gravidade da pneumonia por
serotipo 3 foram comparados a outros serotipos por meio
de regressão logística.
Resultados: De 5186 pacientes com CAP, 2193 (42,2%)
apresentavam pneumonia pneumocócica. A proporção de
CAP devido a pneumococos aumentou em todas as idades
entre 2013 e 2023 (36,4%–66,9%, p<0,001). A propor-
ção associada ao serotipo 3 aumentou significativamente
de 13,4% (2013) para 48,8% (2023). A pneumonia por
serotipo 3 foi associada à idade avançada (p<0,001), sexo
masculino (OR ajustado (aOR) 2,22, IC 95% 1,64 a 3,01)
e doença renal crónica (aOR 1,81, IC 95% 1,09 a 3,02). 
Não foi observada associação do serotipo 3 com gravi-
dade, necessidade de cuidados intensivos, mortalidade ou
readmissão.
Interpretação: O serotipo 3 é o serotipo predominante
na CAP pneumocócica em adultos e tem aumentado, 
apesar de um programa de imunização infantil maduro, 
consistente com a ausência de proteção coletiva para este
serotipo.

INTRODUCTION
Community-acquired pneumonia (CAP) is a major 
cause of morbidity and mortality worldwide,1 with 
Streptococcus pneumoniae being the most common-
ly implicated bacterial pathogen.2 3

Pneumococcal vaccines targeting the polysac-
charide capsule have made pneumococcal disease 
at least partially vaccine-preventable, depending 
on which pneumococcal serotypes are included 
in the different vaccines, and how effective they 
are against specific serotypes. In the UK, a seven-
valent pneumococcal conjugate vaccine (PCV7) 
was introduced to the childhood immunisation 
schedule in 2006 and replaced in 2010 by 13-valent 
vaccine (PCV13). For adults aged ≥65 years and 
those aged ≥2 years in a clinical risk group for 
pneumococcal disease, a single dose of pneumo-

coccal polysaccharide vaccine (PPV23) has been 
recommended since 2003,4 although its effective-
ness in preventing non-invasive pneumonia is 
likely to be modest.5
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uFollowing the introduction of pneumo-
coccal conjugate vaccines (PCVs) to the 
infant immunisation programme in 2006, 
vaccine-serotype invasive pneumococcal 
disease (IPD) declined across all ages due 
to direct and indirect protection but more 
recently the incidence of IPD in children 
due to serotype 3 has been increasing. It 
has been reported that compared with 
other serotypes, serotype 3 may be linked 
to increased mortality in the elderly, and 
to respiratory failure and septic shock.

WHAT THIS STUDY ADDS
uOver a 10-year period, including years 

before, during and after the COVID-
19 pandemic, the proportion of adult 
community-acquired pneumonia (CAP) 
due to pneumococcus increased, driven 
predominantly by serotype 3. This is con-
sistent with a lack of adequate herd pro-
tection against adult serotype 3 disease 
from the infant pneumococcal vaccina-
tion programme.

u Serotype 3 pneumococcal CAP was asso-
ciated with increased age, male sex and
chronic renal disease, but not with incre-
ased severity or poorer outcomes compa-
red with other serotypes.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

uA 21-valent PCV is imminent and other 
higher-valency PCVs are currently under 
development. The results from this study 
add to the evidence on changing pneu-
mococcal epidemiology and will contri-
bute to vaccine policy-making decisions, 
including indirect versus direct adult 
immunisation strategies and cost-effecti-
veness analyses.
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PCV implementation has been associated with large declines in 
vaccine-serotype invasive pneumococcal disease (IPD) across all 
age groups due to direct and indirect protection but with an in-
crease in disease caused by non-PCV serotypes (serotype replace-
ment).6 7 However, several studies from different countries have 
indicated that direct and indirect protection against serotype 3 is 
lower than for other serotypes,8–10 and the incidence of serotype 
3 IPD in children has been increasing despite the use of PCV13 
in the infant immunisation programme.11  Moreover, there have 
been reports that compared with other serotypes, serotype 3 may 
be linked to higher mortality in the elderly,12 septic shock13 and 
respiratory failure.14

With more than 100 pneumococcal serotypes, new pneumococ-
cal vaccines targeting an increasing number of serotypes are on the 
horizon, including PCV21,15 PCV24 and PCV30+.16 PCV immuni-
sation is currently only available for children and the initial herd 
protection effects on adult CAP are now more limited due to chan-
ges to the prevailing serotypes. New adult immunisation strategies 
have been suggested as a means to overcome current limitations in 
the control of adult pneumococcal disease. An understanding of the 
contribution of individual pneumococcal serotypes to the burden of 
pneumococcal CAP is, therefore, important for the development of 
an updated pneumococcal vaccination policy.

In this study, we employed a 24-valent serotype-specific uri-
nary antigen detection (ssUAD) assay to (a) determine trends in 
hospitalised pneumococcal pneumonia and the epidemiology of 

pneumococcal serotypes over a 10-year period, which included 
the pre-COVID-19 and post-COVID-19 pandemic period and (b) 
examine the role of serotype 3 over this period, including risk fac-
tors and severity of serotype 3 CAP compared with other serotypes 
in a cohort of adults with predominantly non-invasive pneumonia. 
By including data from 2020 to the end of this long-running co-
hort study, we build on our previously published findings17 18 and 
aim to summarise the changing epidemiology of pneumococcal 
CAP that has occurred during the last 10 years, including data 
from the COVID-19 pandemic period which we have not previ-
ously reported.

METHODS
Study design
The methods for this prospective cohort study have been previ-
ously described18 (see online supplement) For this analysis, data 
were collected for adults ≥16 years old hospitalised with CAP in 
two teaching hospitals in Nottingham between September 2013 
and May 2023. Recruitment was paused for a period during the 
pandemic (13 March 2020–2 August 2020). From August 2020 on-
wards, patients testing positive for SARS-CoV2 were included if 
they had radiographic evidence of pneumonia.

Microbiology
Urine samples were obtained within 48 hours of admission for 
pneumococcal-specific UAD using the Binax-NOW (Alere, Stock-
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port, UK) assay for pneumococcal C-polysaccharide urinary an-
tigen and for pneumococcal serotype-specific urinary antigen 
testing using a validated multiplex immunoassay (Bioplex-24)19 
(detailed in online supplement). ‘Non-ssUAD’ pneumococci were 
defined as those for which cell-wall polysaccharide was detected 
but the Bioplex-24 assay was not able to generate a serotype-spe-
cific result. Vaccine types were classified according to the serotypes 
included in their formulation (online supplement). Blood cultures 
were taken at the discretion of the treating clinician.

Patients were considered to have pneumococcal CAP if they met 
≥1criteria: (a) positive pneumococcal UAD or (b) blood culture 
positive for S. pneumoniae or (c) detection of a pneumococcal se-
rotype or cell wall polysaccharide by the Bioplex24 assay.

Statistical analysis
Categorical variables for baseline demographics, disease severity 
and clinical outcomes (critical care admission, 30-day mortality 
and readmission within 30 days) were expressed as frequencies 
and as percentages and compared using Pearson’s χ2 or Fisher’s 
exact tests. Continuous variables were summarised as medians 
with IQR and compared using the Mann-Whitney U test. To ac-
count for interyear variability, a restricted cubic spline model with 
five knots based on Harrell’s recommended percentiles20 was used 
to describe trends in patient characteristics, risk factors and out-
comes over time. We defined ‘prepandemic’ as September 2013–12 
March 2020, the ‘pandemic period’ as 13 March 2020–31 August 
2021 and ‘postrestriction period’ as 1 September 2021–31 May 
2022. Patients admitted during the ‘pandemic period’ were exclu-
ded from the tests for trend of patient characteristics and severity 
as patients admitted at the height of the pandemic may have been 
sicker, and therefore, selectively tested and included.

We used univariable and multivariable logistic regression mo-
dels to compare associations between pneumonia and the charac-
teristics and outcomes of (1) patients with pneumococcal pneumo-

nia versus non-pneumococcal pneumococcal pneumonia and (2) 
patients with single-serotype 3 disease versus patients with a diffe- 
rent single serotype identified. We presented the results as ORs 
with 95% CIs and the corresponding p value.  As there were no a 
priori restrictions on participants being enrolled more than once 
over the course of the study and it was not possible to link indi-
viduals to their separate admissions, the unit of analysis was each 
admission rather than individual participant. Variables for inclu-
sion in the multivariable analysis were purposefully selected based 
on clinical risk factors outlined in the UK Health Security Agency’s 
‘Immunisation against Infectious Disease’ (The Green Book)4 and 
previous studies21 and were included in the final model if the p va-
lue was <0.2 on univariate analysis of demographic characteristics. 
Outcome analyses were adjusted for variables which altered the 
crude OR  by >10%. To minimise bias in those who were exclu-
ded from whole case analysis due to incomplete records, we used 
multiple imputation with five imputations including all analysis 
variables under the assumption that data are missing at random 
(see online supplement for details of missing observations and the 
multiple imputation model).

Statistical analyses were conducted by using Stata/SE V.18.0 
(StataCorp. 2023. Stata Statistical Software: Release V.18., Stata-
Corp).

RESULTS
Baseline characteristics
7078 patients with radiographically confirmed all-cause pneumo-
nia were admitted between September 2013 and May 2023, with 
5186 (73.3%) giving their consent to take part in the study. Urine 
for pneumococcal testing was available for 5020 (96.8%) consen-
ted patients, of which 4933 (98.3%) were tested using Bioplex-24, 
and 87 (1.7%) were tested only using BinaxNOW. 

Based on blood culture and Bioplex-24/BinaxNOW UAD re-
sults, pneumococcal pneumonia was diagnosed in 2193 included 
patients (42.3%). Diagnosis was based solely on the detection of a 
serotype in urine by Bioplex-24 in 1191 patients (54.3%), and by 
BinaxNow only in 139 (6.3%). Both Bioplex-24 and BinaxNOW 
were positive in 794 patients (36.2%). A serotype was detected in 
blood but not by Bioplex-24 in 24 patients (22 Bioplex not per-
formed, 2 Bioplex negative) (online supplemental figure 1). Sero-
type 8 accounted for 36.8% of blood culture serotypes, followed 
by serotypes 3 (9.6%), 19A (8.1%) and 12F (6.7%) (online supple-
mental figure 2).

The median age of the study cohort was 71.1 years (IQR 56.5–
80.9), 2762 (53.4%) were male and pneumonia severity was low, 
moderate and high in 2531 (49.0%), 1522 (29.5%) and 1107 
(21.4%), respectively, based on the CURB-65 score. Critical care 
admission was required in 410 (7.9%) patients, and 433 (8.3%) pa-
tients died within 30 days of admission (table 1). 

On multivariable analysis, current smoking, COPD and im-
munocompromise were independently associated with the risk of 
pneumococcal pneumonia (adjusted OR, aOR 1.36, 95% CI 1.16 
to 1.60; aOR 1.18, 95% CI 1.02 to 1.36; and aOR 1.32, 95% CI 1.01 
to 1.72 respectively) (online supplemental table 1). Compared with 
non-pneumococcal CAP, patients with pneumococcal CAP were 
more likely to be admitted to critical care (aOR 1.36, 95% CI 1.10 
to 1.66) and have higher CURB-65 scores (aOR 1.16, 95% CI 1.08 
to 1.26), although the odds of death within 30 days were lower 
(aOR 0.64, 95% CI 0.52 to 0.79) (table 1 and online supplemental 
table 2).

Trends between 2013 and 2023: prepandemic versus
postpandemic
Proportion of CAP due to Streptococcus pneumoniae
The proportion of CAP attributable to pneumococcus increased 
significantly over the 10 years for all ages, from 36.4% in 2013–
2014 to 66.9% in 2022–2023 (p<0.001). This upward trend was 
observed prepandemic (p value for trend <0.001) (table 2) but was 
particularly marked in all age groups from 2020 when COVID-19
pandemic restrictions were introduced in the UK (figure 1). In 
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the final winter season (2022–2023), the proportion of CAP attri-
buted to pneumococcus remained higher than prepandemic, par-
ticularly in patients ≥75 years although the upward trend was less 
marked or reversing in younger age groups (figure 1). The propor-
tion of patients with pneumococcal pneumonia who were bacte-
raemic fell after the onset of the pandemic and was lowest during 
2021–2022 (4.6%) but had increased to 11.3% in 2022–2023 and 
was similar to prepandemic proportions (figure 2).

Trends in demographics and severity
Patient characteristics for the prepandemic period and over the 
entire study period are described in table 3 and online supple-
mental table 3. The proportion of patients who had ever received 
PPV23 vaccine increased from 36.2% in 2013 to 50.5% in 2023, 
but after adjusting for age, sex and chronic obstructive pulmonary 
disease (COPD) and excluding patients admitted between March 
2020 and August 2021, there was an overall decreased trend in the 
proportion of patients of vaccinated over the study period (p value 
for trend=0.02).

The proportion of patients with pneumococcal CAP dying with-
in 30 days varied from year to year, although the overall trend was 
towards increasing mortality (p=0.02). Mortality was highest be-
tween September 2020 and August 2021 (table 3). From the start 
of the pandemic to the end of the study, 90/923 (9.8%) of patients 
with all-cause CAP tested positive for SARS-CoV2 on admission. 
Mortality was significantly higher in those who were SARS-CoV2 
positive (15/90, 16.7%) compared with those who were negative 
(69/833, 7.2%) (p=0.009) but did not differ significantly between 
SARS-CoV2 positive pneumococcal CAP (7/50, 14.0%) and SARS-
CoV2 positive non-pneumococcal CAP (8/40, 20.0%) (p=0.45).

Readmission rates and critical care admissions did not change 
significantly over the study period.

Serotype distribution
The most prevalent serotypes over the study period were serotypes
3 (29.3%), 8 (21.4%), non-ssUAD (7.8%), 15A (4.9%) and 9N 
(4.1%). Trends in the distribution of individual serotypes over the 
study period are shown in figure 3 and online supplemental table 4. 
Over the 10 years, there was a marked steady increase in serotype 
3, accounting for 13.4% of pneumococcal CAP in 2013 to 48.8% in 
2023. Serotype 8, the second most prevalent serotype, accounted 
for between 17.0% and 19.7% of pneumococcal CAP prepandemic 
but peaked at 37.4% between September 2020 and August 2021. 
By mid-2023, the proportion of CAP in which serotype 8 was im-
plicated had decreased back to 19.9%, similar to that seen prepan-
demic. Over the study, there was a decrease in proportion of CAP 
caused by non-ssUAD pneumococci from 12.4% in 2013–2014 to 
2.6% in 2022–2023. Other serotypes in which there was a decline 
in proportions were serotypes 7F (PCV13), 12F (PCV20), 15A and 
16F (PCV21) (online supplemental table 4).

Between 2013 and 2023, there was an increase in the proportion 
of multiple serotypes detected in the Bioplex-24 assay, from 9.1% 
to 36.6% (p value for trend <0.001). In 2021–2022, 52.4% of detec-
tions were multiple serotypes. Serotype 3 was the most prevalent 
serotype detected with one or more other serotype in 313 of 466 
(67.2%) patients with multiple serotype detections. The combina-
tion of serotypes 3 plus 8 accounted for 183 (39.3%) of multiple 
detections followed by serotype 5 plus serogroup 15 (5.4%) (online 
supplemental figure 3). 

Figure 4 shows the trend by pneumococcal vaccine type over 
the study period. The proportion of pneumococcal CAP caused by 
PCV13 serotypes increased significantly between 2013 and 2023 
(p value for trend=0.0005), ranging from 22.6% in 2014–2015 to 
64.4% in 2022–2023. The increasing trend was occurring prepan-
demic (p value for trend=0.01). When serotype 3 was excluded, 
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the trend for the remaining PCV13 serotypes was statistically 
non-significant (p=0.29). The proportion of PCV20-nonPCV13 
serotypes peaked at 37.9% in 2020–2021 but decreased in 2021–
2022 (13.0%) and again in 2022–2023 (11.4%), corresponding 
to the pattern observed with serotype 8. Non-vaccine serotypes 
decreased over the study (p=0.006) from a peak of 28.7% in 
2014–2015 to 6.9% in 2020–2021. Over the study period, 44.2% 
of serotypes were covered by PCV13, 49.6% by PCV15 and 78.3% 
by PCV20. The PCV21 would have covered 80.8% of all serotypes 
(online supplemental table 5).

Serotype 3 pneumonia
Older patients were more likely to have CAP due to serotype 
three compared with people aged 16–49 years (p value for trend 
by increasing age category <0.001, aOR for 75–84 years 2.25, 
95% CI 1.50 to 3.41 and ≥85 years aOR 2.52, 95% CI 1.40 to 
4.52). Male sex, chronic renal disease and asthma were also as-
sociated with the risk of serotype 3 CAP compared with other 
serotypes (aOR 2.22, 95% CI 1.64 to 3.01; aOR 1.81, 95% CI 

1.09 to 3.02 and aOR 1.60, 95% CI 1.08 to 2.38, respectively) 
(table 4).

Patients with serotype 3 CAP were less likely to have bacterae-
mia compared with patients with other serotypes (aOR 0.43, 95% 
CI 0.27 to 0.68). After adjusting for age, we did not observe any 
significant differences in severity (as measured by CURB-65), 
critical care admission, 30-day mortality or 30-day readmission 
(table 5).

DISCUSSION
Over the course of 10 years up to mid-2023, the proportion of 
hospitalised all-cause pneumonia caused by S. pneumoniae has 
been increasing. Although the absolute number of all-cause 
pneumonia cases declined during 2020–2021, coinciding with 
the COVID-19 pandemic, the upward trend in the proportion 
due to pneumococcus continued to increase and rose mar- 
kedly in all age groups in 2021–2022. In the UK, COVID-19 re-
strictions were lifted in July 2021. The societal and behavioural 
changes during the pandemic resulted in less exposure to patho-
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vity than on Bioplex positivity, and this may partly explain the dif-
ference in IPD and non-culture-based detection of pneumococcal 
infection.

The upward trend in pneumococcal pneumonia appears to have 
been driven largely by serotype 3, which at the end of our study ac-
counted for almost half of pneumococcal cases. The predominance 
of serotype 3 has also been seen in patients with IPD in England23 
and in non-invasive pneumococcal CAP elsewhere in Europe.28–30 
In comparison to our findings, a recent study in Bristol 2021–2022 
found a lower overall proportion of pneumococcal pneumonia in 
patients with CAP, with serotype 8 most prevalent.31 A different 
ssUAD assay was used in the Bristol study which may have dif-
ferent test characteristics for serotype 3 resulting in the discrep-
ancies in findings; for instance, differences in the ability to detect 
pneumococcal colonisation. Whole genome sequencing has iden-
tified that between 2017–2018 and 2022–2023 most IPD cases of 
serotype 3 belonged to very similar circulating strains, with most 
belonging to Global Pneumococcal Sequencing Cluster 12.23 Al-
though we do not have genomic data to confirm this for our pneu-
monia cases, it is feasible that we are also observing expansion of a 
previously circulating strain of serotype 3.

In patients with confirmed IPD, serotype 3 has been associated 
with a higher incidence of septic shock,13 empyema and compli-
cated pneumonia,32 and major adverse cardiac events.33 However, 
we found no evidence that serotype 3 caused more severe disease, 
increased mortality or the requirement for critical care compared 
with other serotypes. A comparable study in patients with CAP in 
Germany (CAPNETZ) reported that patients with serotype 3 CAP 
required oxygen administration more frequently than patients 
with CAP due to other serotypes, but similar to our findings, they 
did not find evidence that serotype 3 was associated with higher 
ICU admission rates, clinical cure and/or 28-day mortality com-
pared with other serotypes.28

The burden of serotype 3 disease in older adults remains sub-
stantial despite the introduction of PCV13 immunisation in 
children in the UK in 2010. We found that age and male sex are 
independent predictors of serotype 3 CAP, consistent with pre-
viously reported associations.34 35 With the proportion of the UK 
population aged ≥65 years rising from 16.4% in 2011 to 18.6% in 

gens spread by the respiratory route and led to observed alterations
to patterns of community circulation of respiratory viral patho-
gens in many countries.22 This likely affected the contribution to 
all-cause pneumonia from other respiratory pathogens and may 
explain the higher relative contribution from pneumococcus du-
ring this period. Thresholds for hospital admission changed du-
ring this period and patients with milder illness due to non-pneu-
mococcal pneumonia may have been less likely to be hospitalised, 
so to a certain extent the marked increase in proportion of CAP 
due to pneumococcus observed after 2020 may reflect a change 
in the hospitalised population. In the final year, the proportion of 
CAP attributable to pneumococcus was declining, or at least sta-
bilising in younger age groups, but remained very high in people 
aged 75 years and above. Ongoing observation is required to as-
sess whether the proportion of pneumococcal pneumonia in older 
people will return to prepandemic levels; potentially influenced by 
SARS-CoV2 as an endemic pathogen, changes in pneumococcal 
vaccine coverage and new or altered immunisation programmes 
against respiratory pathogens.

Most cases of pneumococcal pneumonia are not invasive and 
prior to the pandemic between 10% and 15% of our patients had 
pneumococcal bacteraemia. This declined sharply when COV-
ID-19 restrictions were in place and remained low in 2021–2022 
after restrictions had been eased. This observation is in accor-
dance with a national surveillance study of invasive pneumococcal 
disease (IPD) in England,23 although we noted that, in 2022–2023, 
the proportions of invasive disease had returned to >10%, simi-
lar to proportions expected before the pandemic. Co-colonisation 
with other respiratory pathogens has been linked to high pneumo-
coccal nasopharyngeal carriage density,24 which in turn has been 
identified as a risk factor for IPD.25 The decreased circulation of 
other respiratory pathogens between 2020 and 2022 may, there-
fore, help to explain our observation.  Despite the observation that 
the pandemic was associated with reductions in IPD, we observed 
an increase proportionately in pneumococcal pneumonia. Post-
2020, remote primary care consultations increased and this has 
been associated with a 23% increase in antibiotic prescribing in 
adults with acute respiratory infections.26 27 Preadmission antibio-
tics would have a much greater influence on blood culture positi-
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2021,36 an increasingly older population may account for some of 
the increased burden of serotype 3 observed. Furthermore, despite 
an overall decline in childhood carriage of PCV13 serotypes since 
the introduction of childhood immunisation, carriage of serotype 
3 has persisted in the UK. The indirect protective effects of child-
hood PCV13 immunisation against IPD in adults have been ob-
served to be lower for serotype 38 11 37; consistent with the observa-
tions with respect to serotype 3 pneumonia in adults. These factors 
taken together likely explain the ongoing relative increase in adult 
serotype 3 pneumonia despite the current infant PCV13 immu-
nisation programme.38 In 2020, the UK moved from a 2+1 child-
hood immunisation schedule to 1+1.39 A recent surveillance study 
of IPD, conducted 3 years after the introduction of the revised 
schedule, did not observe significantly different rates of break-
through infections or vaccine failures in children who received 
the reduced schedule compared with those who received the 2+1 
PCV13 schedule.23 Considering the relatively recent schedule im-
plementation and the likely disruptive effects of the pandemic on 
the epidemiology of pneumococcal disease, the impact of the 1+1 
change on adult pneumococcal pneumonia cannot be adequately 
assessed in this study.

Implications of this study
Our findings underline the importance of ongoing efforts to prevent 
and reduce the impacts of pneumococcal pneumonia on adults, 
particularly older adults. The UK population aged ≥85 years is pro-
jected to increase by one million over the next 15 years.40 Driven 
largely by the ageing population, the number of people living with 
chronic kidney disease is also forecast to increase to 7.6 million 
by 2033.41 These changes may impel further increases in serotype 
3 disease unless other interventions are introduced. In addition 
to the indirect herd protection from childhood programmes, the 
further role of direct vaccination of adults needs to be considered. 
This is especially pertinent now given the increased availability of 
higher-valent conjugate vaccines, including a PCV21 specifically 
designed to cover serotypes affecting adults, which may provide 
better protection than the currently used PPV23.

Our study has several strengths. It is a large prospective cohort 
study conducted over many years allowing us to accrue data on a 

large number of hospitalised patients with all-cause CAP and to 
compare trends in pneumococcal pneumonia as a whole and in 
the distribution of pneumococcal serotypes before and after the 
pandemic. Use of the urinary 24-valent Bioplex-24 assay allowed 
detection of serotypes implicated in non-invasive pneumococ-
cal pneumonia that would otherwise not be classified by culture-
based methods.

There are limitations to this study. The 24-valent ssUAD assay 
was the main tool for identifying pneumococcal disease so it is 
likely that we missed some cases of pneumococcal disease in pa-
tients who did not have a urine samples tested by the ssUAD as-
say. Although >80% of serotypes over the 10 years were PCV21 
serotypes, we likely underestimated PCV21-CAP as not all PCV21 
serotypes are detected by the current 24-valent assay. There are 
recognised cross-reactions in the Bioplex-24 assay with serotypes 
which are not targeted in the assay, where the serotype was de-
signated based on the predominant serotype using national IPD 
data. This may have caused under-reporting of less common non-
vaccine serotypes and thus underestimation of the prevalence of 
non-vaccine-type pneumonia.

As there were no a priori restrictions on multiple recruitment of 
participants in different study years and we were not able to link 
individual participants to their separate admissions, prior CAP 
is a confounder that could plausibly change the effect for many 
risks and outcomes modelled and is a limitation which needs to 
be recognised, although fewer than 5% of participants were en-
rolled more than once over the course of the study. Also, the study 
was conducted at a single centre and may not be representative of 
pneumococcal and serotype trends elsewhere in the UK. However, 
the results from two further UK sites over a 2-year period are simi-
lar to our findings.17 Changes in the admission process for patients 
with pneumonia in Nottingham occurred during the pandemic, 
with most patients directed to one hospital, and this may also have 
altered hospitalisation thresholds. In addition, after the recruit-
ment pause was lifted, it was only possible to recruit patients from 
that one hospital due to staff redeployment to urgent COVID-19 
studies; therefore, we could not be certain that all potentially eli-
gible adults were identified for study inclusion. Given these dif-
ferences,  it was deemed inappropriate to calculate and compare 
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the  incidence of pneumococcal pneumonia pre-versus- post pan-
demic as the potential change in denominator values would tend 
towards an underestimate of postrestriction period incidence.

In conclusion, a large proportion of CAP continues to be caused 
by pneumococcal infection, with serotype 3 predominating and 
continuing to increase proportionately. We have not observed 
serotype 3 pneumonia to be more severe than other serotypes. 
Non-serotype 3 PCV13-vaccine type pneumonia does not appear 
to have increased significantly over the last 10 years. It is impor-
tant for new pneumococcal vaccines to provide good protection 
against serotype 3 if adult pneumococcal pneumonia is to be re-
duced in future years, whether via direct or indirect protection.
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RESUMO
Contexto: O número crescente de doentes diagnosticados 
com apneia obstrutiva do sono (OSA) e tratados com pres-
são positiva contínua nas vias aéreas (CPAP) a longo prazo 
sobrecarrega os caminhos convencionais de acompanha-
mento. Novas abordagens na gestão de doentes tratados 
com CPAP são necessárias para equilibrar o monitoramento 
remoto por meio de tecnologias digitais e os contatos pre-
senciais entre doentes e profissionais de saúde.
Objetivo: Focando na reestruturação dos caminhos de 
cuidado para doentes tratados com CPAP, com ênfase em 
plataformas de telemonitorização, o objetivo foi revisar 
evidências sobre como ferramentas de medicina digital e 
inteligência artificial (IA) estão facilitando o fenotipagem 
e triagem de doentes, estratificação de risco e alocação 
de recursos entre vários profissionais de saúde para um 
acompanhamento ideal.
Fenotipagem: A OSA é uma condição heterogénea com 
fenótipos diversos, que diferem em sintomas, comorbida-
des, características demográficas, estilo de vida e contexto 
socioeconómico. Esses diferentes fenótipos estão associa-
dos a padrões distintos de adesão ao CPAP e prognós-
ticos a longo prazo. Essa diversidade exige uma maior 
pluralidade nos caminhos de gestão, com diferentes tipos 
e níveis de suporte para garantir adesão ao tratamento 
e redução de risco para doentes, enquanto alivia a carga 
sobre os serviços de saúde.
Clínicas de cuidados integrados para doentes de 
alto risco: Explora-se o papel das clínicas integradas de 
OSA, particularmente para o manejo de doentes de alto 
risco, com baixa adesão e progressão de comorbidades. 
Nessas clínicas, equipas multidisciplinares podem pro-
por gerenciamento de comorbidades e usar dispositivos 
conectados para monitoramento a longo prazo da ativi-
dade física, junto com o monitoramento remoto de CPAP.
Caminhos de gestão remota: São considerados os prós 
e contras dos caminhos de gestão remota para substi-
tuir visitas de acompanhamento presencial, incluindo a 
necessidade de reavaliar as políticas de reembolso dos 
dispositivos CPAP em alguns países. Enquanto o monito-
ramento remoto de CPAP tornou-se a pedra angular do 
acompanhamento, fornecendo informações sobre adesão 
e eficácia, o processamento de alertas precisa ser aprimo-
rado, especialmente em relação a alterações de máscara 
e deteção precoce de falhas do CPAP.
Desafios: A implementação do monitoramento CPAP, 
bem como sua extensão para monitoramento multimo-
dal, pode apresentar desafios que ainda precisam ser 
abordados (ex.: acesso a cuidados digitais). A extensão 
e os componentes do acompanhamento remoto devem 
ser adaptados a cada fenótipo específico de OSA. São 
dados exemplos de fenótipos específicos de doentes (ex.: 
insónia com OSA) com requisitos específicos de acom-
panhamento, para os quais apenas o monitoramento 
remoto (mesmo multimodal) tem limitações e exige a 
intervenção de especialistas do sono e/ou colegas de 
outras disciplinas.
Conclusão: Caminhos de acompanhamento combina-
dos, apropriados e personalizados, que incluem monitora-
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mento digital e presencial, oferecem vantagens tanto para 
os doentes com OSA quanto para os serviços de saúde.

INTRODUCTION AND SCOPE 
Obstructive sleep apnoea (OSA) is one of the most 
frequent chronic diseases (affecting nearly one 
billion people worldwide) and its prevalence will 
continue to increase owing to the overall ageing 
of the population in many countries, exacerbated 
by the obesity and diabetes epidemics.1 2 As an il-
lustration, the annual number of patients treated 
for sleep apnoea increased by 610% in Finland be-
tween 1996 and 2018.3 There is no doubt that this 
trend is generalisable to all other developed coun-
tries. The ensuing pressure on healthcare services 
and the economic burden caused by sleep apnoea 
requires urgent reorganisation of care pathways. 
The availability and uptake of healthcare services 
according to the needs of each patient should ul-
timately lead to better outcomes for patients and 
reduce the societal cost per patient with OSA.4

Most patients with OSA are managed in an ambu-
latory care setting, which provides opportunities for 
care supported by digital medicine. There are active 
databases of the long-term follow-up of millions of 
OSA patients treated by continuous positive airway 
pressure (CPAP), the primary therapy for OSA.5–7 
During the COVID-19 pandemic, sleep medicine 
services transitioned nearly completely to virtual 
care. In the USA and some European countries, poli-
cy-makers endorsed the fast-track approval of video-
visit reimbursements. There has been intense activity 
towards implementing remote patient monitoring 
technologies.8 Population-level digital healthcare 
systems for other chronic diseases (such as chronic 
kidney disease) are now in place in several countries 
and have the potential to reduce fragmented clinical 
care and optimise follow-up management.9 Neverthe-
less, there is a pressing need to create new outpatient 
models of care such as personalised care, longitudinal 
multidimensional remote monitoring with wearable 
devices and  machine learning-derived clinical deci-
sion tools as routine practical approaches that actively 
impact patient care.8

Compared with broader reviews addressing per-
sonalised care in OSA,10–12 the distinctiveness of 
this review is that it focuses on the reshaping of 
the management of care pathways of CPAP-treated 
patients with special emphasis on telemonitoring 
platforms. We share our vision on how digital med-
icine and artificial intelligence tools are facilitating 
patient phenotyping and triage, risk stratification 
and the allocation of resources between the various 
healthcare professionals for an optimal follow-up 
of CPAP-treated patients.

METHODOLOGY
References for this review were identified by 
searches of PubMed and Cochrane databases be-

►► http://dx.doi.org/10.1136/
thorax-2023-220036
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tween January 2000 and December 2024, using the following 
terms: 

“Sleep Apnea Syndromes” [MeSH] OR “Sleep Disordered 
Breathing”) AND “continuous positive airway pressure” [MeSH] 
AND Telemonitoring [Text Word]. Additionally, we extended our 
research to “Sleep Apnea Syndromes” [MeSH] OR “Sleep Disor-
dered Breathing”) AND (“critical pathways” [MeSH] OR “Care 
Pathway” [Text Word]).

Articles in English and French were considered. We also 
searched the reference lists of retrieved articles. We then selected 
the most relevant references, paying particular attention to studies 
within the past 10 years (although we retained some older studies 
for their importance).

HARNESSING A COMBINATION OF DIGITAL AND CONVENTIO-
NAL MODELS OF CARE FOR CPAP-TREATED PATIENTS
Conventional current care pathways rely heavily on devices man-
aging the upper airway obstruction that causes OSA prominently 
with CPAP. In that case, new management pathways will intend 
to offer more personalised and innovative treatment solutions, in-
cluding combination therapies and digital health tools (eg, tele-
monitoring, visualisation dashboard) aiming to improve adhe-
rence, comfort and overall effectiveness (figure 1). 

The first step to achieve precision and personalised care for pa-
tients with OSA12 is to design new management pathways that pro-
vide a holistic solution that acknowledges the extreme heterogene-
ity of OSA phenotypes and can deliver integrated care beyond the 
conventional ‘one-size-fits-all’ CPAP approach.

The prescription of CPAP alone in the absence of monitoring of 
its use and effectiveness is inadequate for many patients13 and is 
associated with high rates of CPAP termination.14 The new man-
agement models will allow easier access to different OSA primary 
therapies and personalised follow-up procedures covering clini-
cal scenarios tailored to individual risk profiles. Such a strategy 
requires a dedicated multidisciplinary care team including home-
care providers, and non-physician caregivers15 supervised by respi-
ratory/sleep physicians16 and assisted by remote monitoring plat-
forms. The latter allows relevant information to be shared among 
all caregivers and with patients.

Multidimensional phenotyping and risk stratification
‘Sleep apnoea’ is a generic diagnosis incorporating heterogeneous 
and diverse phenotypes.13 17 Several cluster analyses have tried to 
characterise the different OSA subgroups that are essentially sepa-
rated by symptoms (from minimally symptomatic patients with 
few symptoms and complaints at diagnosis to those with disabling 

daytime sleepiness), the burden of comorbidities and the context 
of occurrence including age, sex, obesity and lifestyle (eg, low 
physical activity and unhealthy diet).18–20 Different combinations 
of comorbidities are associated with different CPAP adherence 
patterns14 and differing long-term prognoses. Patients with severe 
sleepiness21 or cardiovascular and/or metabolic diseases represent 
populations at particularly high risk of long-term cardiovascular 
events and are also characterised by differences in trajectories of 
CPAP adherence.22 Also, socioeconomic and environmental de-
terminants of health, such as diet, family circumstances and cou-
ple structure are crucial contextual factors predicting long-term 
prognosis and adherence to therapies.23 This diversity in OSA sub-
groups (ie, in terms of phenotypes and endotypes) should translate 
into personalised management pathways, each designed for dif-
ferent patient subtypes (figure 1). From that perspective, and for 
patients with an indication of CPAP treatment, different levels of 
support to improve treatment adherence and efficient risk reduc-
tion should be offered.24–26 If the potential of these approaches is 
obvious, their implementation in clinical routine is still lacking. 
There is an urgent need for personalised treatment strategies in-
cluding follow-up, intending to progress from a ‘one-size-fits- all’ 
to a ‘tailored-therapy’ approach.26

Long-term CPAP adherence remains an issue in patients with 
OSA as overall CPAP termination rates can reach nearly 50% at 3 
years after CPAP initiation.14 Therapy termination rates are high-
est in the young and elderly patient bands and comorbidities have 
an important influence on long-term CPAP continuation. Other 
factors (psychological, couple profile, socioeconomic status, access 
to care and cultural background) should also be better acknow-
ledged and included in extended phenotyping and tailored inter-
ventions.23

The grade of OSA severity is currently mostly based on the ap-
noea hypopnoea index (AHI), however, this metric is now consi-
dered as being poorly related to outcomes, in particular, concerning 
cardiovascular events and adherence to treatment.27 The amount 
of nocturnal exposure to hypoxia, called the hypoxic burden (HB), 
and indices of sympathetic activation related to OSA have been 
proposed to compensate for the shortcomings of the AHI metric 
and to better reflect cardiovascular prognosis.28–31 These indices 
could be derived from type I to type III sleep studies and may rep-
resent indicators of which calculation could be easily automated 
and embedded in diagnostic tools. Other markers, derived from 
types I to II sleep studies,32 reflecting the impact of OSA on sleep 
quality and architecture have also been investigated, and have also 
been described as being associated with health outcomes.33 Despite 
their potential considerable interest in risk stratification, this new 
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approach requires several refinements (regarding generalisation of 
the findings and capabilities) before being included in clinical pre-
diction models. To date, these novel parameters have essentially 
been investigated retrospectively in selected populations (commu-
nity sample cohorts) or subgroups of participants in clinical trials, 
implicating low OSA severity or selection biases. Nowadays, it is 
mandatory to conduct prospective validations in clinical databases 
of multimorbid OSA patients with various medication regimens 
before implementing these indices in routine clinical practice. In 
the future, unambiguous and reproducible definitions of these 
new parameters (beyond AHI), shared computational algorithms 
and combinations of indices reflecting HB and cardiovascular 
reactivity are desirable to achieve robustness in the prediction of 
outcomes.29 This field is promising and rapidly evolving but needs 
consolidation of knowledge.

There is a need for the development of ‘stratification’ tools facili-
tating risk assessment and the identification of appropriate indi-
vidualised (risk-based) surveillance strategies. Applying artificial 
intelligence and machine learning to large OSA databases could 
reveal latent associations between phenotypes, HB and sympa-
thetic activation, socioeconomic characteristics, behaviours and 
patient engagement in therapy, and health outcomes. There is 
already a move to implement some of these concepts in routine 
management pathways. They may be included in step-by- step 
analytical approaches and reasoning to distinguish between phe-
notypes, or used in easy-to-identify risk factors (specific targets 
for interventions) or subgroups at risk of low CPAP adherence. 
We have recently demonstrated34 that capturing patient-reported 
outcomes using digital solutions during the course of treatment 
has the potential to enhance long-term patient outcomes by pro-
viding actionable insights. In fact, self-reported sleepiness and its 
response to therapy are associated with CPAP usage.34

Alternative follow-up pathways
With digital support, not all patients will need specialist follow-up. 
There are several factors supporting the management of OSA in 
a primary care setting,35–39 these include the difficulties in access 
to specialists and the lack of clarity around the roles of the diffe- 
rent healthcare providers. After initial multidimensional pheno-
typing and risk stratification by specialists, the follow-up of low 
and medium-risk patients14 40 could be referred to general practi-
tioners (GPs) for long-term follow-up. Similarly, easy-to-manage 

symptomatic patients, with high treatment expectancies (ie, pa-
tients who are highly symptomatic at diagnosis in terms of sleepi-
ness, fatigue and diminution in quality of life, but who demonstrate 
good early adhesion to CPAP) might be referred to GPs working 
in close networks with OSA integrated care clinics, unless there is 
another indication requiring referral to a respiratory physician, in-
cluding, but not restricted to, suspicion of obesity hypoventilation 
syndrome, overlap syndrome or comorbid OSA and asthma. Ne-
vertheless, we recently observed a higher therapy termination rate 
when CPAP was initiated by GPs versus specialists.41 For CPAP 
initiation (as opposed to follow-up), it is possible that GPs have 
less time per appointment to spend with patients than specialists 
and a lack of knowledge or appropriate training. Management of 
OSA in many countries is currently shared between sleep specialis- 
ts, respiratory physicians, cardiologists, Ear, Nose and Throats 
physicians and GPs. Thus, although primary care models of OSA 
care and service delivery will differ between countries, successful 
initiation and efficacy of CPAP therapy require strong support and 
established networks with access to existing specialist sleep ser-
vices.

In contrast, more difficult-to-manage phenotypes like comor-
bid insomnia and sleep apnoea (COMISA) that necessitate mul-
tifaceted treatment approaches (including cognitive behavioural 
therapies42) need to be subject to specific multidisciplinary inter-
ventions supported by digital remote monitoring platforms. Also, 
the frequently encountered minimally symptomatic OSA pheno-
type with an accumulation of multiple cardiometabolic comor-
bidities and expected poor CPAP adherence14 should benefit from 
both lifestyle interventions and close follow-up via a CPAP device 
linked to a remote monitoring platform. Access to these strategies 
should be supported by improved dashboards (figure 2), allow-
ing physicians to access all the information required for efficient 
CPAP management in a single, synthetic view. We, therefore, sug-
gest that improved visualisation dashboards should combine: (1) 
patient phenotype characterisation, including patients’ comorbidi-
ties and their treatment, symptoms (both OSA-related symptoms 
and symptoms indicative of comorbid sleep disorders), alerts on 
factors (eg, comorbidities) that may favour CPAP failure and (2) 
multimodal and multidimensional CPAP treatment follow-up 
parameters, including questionnaires for the evaluation and lon-
gitudinal follow-up of patients reported outcomes and telehealth 
parameters (eg, physical activity parameters and blood pressure 
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ambulatory measurements results), and reliable parameters issued 
from CPAP remote monitoring platforms including residual AHI 
(rAHI) and CPAP adherence. Innovative analytics, including ar-
tificial intelligence, may allow the integration of variability para- 
meters and automated alarms (see below for a dedicated para-
graph) (figure 3).43–45

Establishing an integrated care clinic for CPAP-treated
patients with OSA
The OSA clinic should be coordinated by respiratory/sleep physi-
cians with a special interest in the management of complex OSA 
patients. First, the development of an initial standardised OSA 
evaluation protocol and dashboard will allow the stratification 
of patients according to their risks of low adherence, CPAP failu-
re and progression of comorbidities (figure 2). The visualisation 
dashboards12 should inform caregivers of the patient’s clinical phe-
notype and highlight subgroups with a high risk of poor adherence 
(eg, a patient with COMISA), high risk of CPAP failure (underly-
ing unstable cardiovascular disease such as cardiac failure or atrial 
fibrillation making the patient prone to developing central events) 
and multimorbid conditions requiring specific follow-up and mul-
timodal telemonitoring. The patient profile should be completed 
on the dashboard by a presentation of the specific metrics of CPAP 
adherence, rAHI, lifestyle indicators (sleep duration, number of 
steps) and home self-measured blood pressure.

OSA is a heterogeneous condition with various risk profiles, but 
a consensual definition of risk levels is still lacking. Designing per-
sonalised care pathways requires a multidimensional assessment 
of OSA-associated risk with three main dimensions, that may help 
orientate patients to either GPs or specialists for CPAP follow-up:
u Comorbidities: Patients suffering from comorbidities that

may complicate the interpretation of diagnostic tests (ie, a
suspected comorbid sleep disorder other than SA, chronic ob-
structive pulmonary disease or cardiac insufficiency) or CPAP
adherence should be managed by specialists.

u Cardiovascular risk and risk of incident cardiovascular events:
Cardiovascular risk assessment and re-evaluation must be in-
tegrated into OSA care. We acknowledge that there is current-
ly no clear consensus on risk stratification and level of risks in
OSA patients. Classification tools (such as BAVENO classifi-
cation40) and calculation automation of novel metrics of OSA

severity,46 once validated in prospective cohorts, may repre-
sent interesting tools to stratify the risk in this population.

u Risk of CPAP failure: Patients with a high risk of CPAP failure
or discontinuation should be managed by specialists.47 48

In summary, patients with an at-risk profile would be requested
to attend the integrated OSA outpatient clinic. On the other 
hand, specialist advice and guidance should be offered to pri-
mary care providers looking after patients with low risk.

In the outpatient OSA clinic for at-risk patients, three distinct 
main topics need to be managed:

1. Technical CPAP follow-up (figure 4) should be shared with
non-physician providers including specialised nurses and/or
home care providers. The interaction between physicians and
non-physician providers will be centred on the now well-es-
tablished CPAP remote monitoring platforms (see description
in this review). A recent RCT involving alternative care pro-
viders (ACP)49 reported greater improvements in sleepiness
and quality of life in the ACP arm, probably owing to more
time dedicated by ACPs to informing and managing patients,
compared with less caregiver-patient exchanges in the sleep
physician’s arm.

2. Comorbidity management: As at least half of the OSA popu-
lation is obese and/or multimorbid, the clinic should include
input from diabetologists and cardiologists via multidiscipli-
nary team meetings. This organisation provides an opportu-
nity for medicine optimisation as well as addressing risk fac-
tors of disease progression. Again, non-physician providers
will be included in implementing and conducting lifestyle
interventions in the nutrition and physical activity domains,
supported or not by telehealth.50

3. Long-term non-intrusive monitoring: Information collected
during face-to-face visits poorly reflects everyday lifestyle be-
haviours and the impact of follow-up on the progression and
control of comorbidities. There is room for extending the col-
lection of real-life data on daily activities and physiological pa-
rameters via smartphones and/or wearable connected devices.

ARCHITECTURE OF A REMOTE MANAGEMENT PATHWAY
FOR ROUTINE CLINICAL USE
There are millions of CPAP-treated patients with OSA on active 
long-term care. For example, in Finland, in the 10-year period 
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from 2010 to 2019, the number of new patients with sleep ap-
noea increased from 89 to 388 per 100 000 inhabitants (439%).3 
The resources needed to follow up such large numbers of pa-
tients are immense. No clear consensus is available regarding the 
number and the timing of face-to-face or virtual visits necessary 
to achieve the best outcomes. Consequently, there are huge vari-
ations between European countries in the number of follow-up 
visits required for CPAP treatment reimbursement. Stringent 
models in France and Belgium14 51 require a strict follow-up of 
patients with multiple visits at CPAP initiation and then man-
datory annual follow-up visits. French national recommenda-
tions for reimbursement are CPAP usage of >4 hours/night, and 
reimbursement rates progressively decrease when there is very 
low adherence to CPAP. However, CPAP delivery and reimburse-
ment can continue when adherence is between 2 and 4 hours/
night pending additional patient education and coaching. Strict 
follow-up of all patients through in-person visits to encourage 
treatment adherence and resolve problems is unsustainable. 
Consequently, new care and follow-up strategies are progres-
sively being implemented supported by digital medicine and 
remote monitoring platforms. This reshaping of care pathways 
requires careful monitoring of their impact on outcomes, cost-
effectiveness and if necessary, the modification of reimbursement 
policies (figure 4).

The first pillar of remote management pathways for CPAP-treat-
ed patients with OSA is follow-up by virtual consultation, either by 
telephone or videoconferencing.52 The 2019 COVID-19 pandemic 
accelerated the adoption of such virtual care strategies. A recent 
review and meta-analysis incorporating 12 studies (n=1823 adults 
with OSA)53 showed that virtual care was as effective as in-person 
consultations for improving subjective sleepiness in patients with 
OSA treated with CPAP. The authors further suggested that remote 
management of patients using CPAP should be available as an al-
ternative care strategy to in-person follow-up, depending on the 
patient’s preference.53

The second pillar of remote management pathways is telemoni-
toring of the CPAP treatment.54 CPAP remote monitoring has al-
ready transformed the management of OSA and produced a mas-
sive amount of data. Accumulated CPAP data provide valuable and 
objective information regarding patient treatment adherence and 
rAHI.54 Every night CPAP devices transmit detailed data of objec-
tive usage (hours per night) and rAHI quantifying the reduction 
of abnormal events during sleep. Embedded in dedicated virtual 
platforms, telemonitoring has transformed the way patients are 
followed.

CPAP adherence and remote monitoring platforms
The improvement in symptoms and long-term outcomes in indi-
viduals with OSA are closely related to CPAP adherence.23 CPAP 
is highly effective in improving patient-reported outcome meas-
ures and cardiovascular risk in adherent patients.23 Currently, 1.6 
million individuals with OSA are treated with CPAP in France. 
Data from the French National Medico-Administrative Database 
shows that mortality is increased in individuals who terminate 
CPAP therapy compared with those who continue.51 However, 
nearly 50% stop CPAP therapy in the first 3 years after initiation. 
These figures are based on data from an exhaustive nationwide da-
tabase including half a million OSA patients initiated on CPAP 
in France in the years 2015 and 2016.14 Remote CPAP monitor-
ing is acknowledged as being effective in improving CPAP adher-
ence,55,56 without increasing costs.53 CPAP telemonitoring provides 
dynamic trajectories of CPAP adherence43 allowing early interven-
tion and support via patient-engagement tools. It has been demon-
strated that automated patient feedback text messaging57 or active 
patient engagement technology using smartphone applications56 is 
increasing adherence in patients with OSA by about 1 hour per 
night, which is twice the minimum clinically important difference 
of 30 min. The early identification of patients with adherence prob-
lems also increased clinic attendance for OSA re-evaluation.

CPAP efficacy and remote monitoring platforms
An elevated or variable rAHI reflects CPAP treatment failure.45 48 High 
rAHI and large rAHI variability are associated with underlying car-
diometabolic comorbidities, some medications, or poorly adapted 
or defective CPAP equipment including mask type and settings. The 
detection and surveillance of high rAHI via CPAP remote monito-
ring allows an adaption of drug dosage or withdrawal, reappraisal and 
treatment of unstable comorbidities, and if needed a change in the 
type of mask. This is relevant not only in long-term follow-up care, 
but it is now well established that abrupt elevations in the rAHI are 
triggered by exacerbation of underlying cardiovascular comorbidities 
or incident cardiovascular events indicating a need for reassessment 
and referral to cardiology colleagues.58 59 These clinical situations can 
generate persistent or treatment-emergent central sleep apnoea (CSA) 
leading to a reduction in CPAP adherence. Switching from CPAP to 
adaptive servoventilation is the appropriate clinical decision to control 
residual events and is associated with improvements in adherence.60 61

Alert management
The organisational challenge is to manage the alerts generated by 
the telemonitoring platform on an ongoing basis. The urgency and 
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allocation of these alerts to the appropriate caregiver need to be 
managed by automated systems. Such systems are currently being 
developed or being validated. A major goal is to automatically dif-
ferentiate between technical alerts linked to equipment and masks, 
and alerts requiring specialist medical intervention. This is essen-
tial so as to avoid overloading the physician’s workload (Figure 3).

Replacing masks is one of the most frequent technical procedures 
in the long-term CPAP care of the patient.62 The mean number 
of 2.1 resupply shipments per patient corresponds to millions of 
interventions per year.62 Oro-nasal masks are associated with a 
higher rAHI and a switch from a nasal pillow or nasal mask might 
be the trigger for sudden high rAHI and partial CPAP failure. This 
situation occurs in more than 10% of CPAP-treated patients but is 
currently poorly detected in routine CPAP follow-up.44 Recently, 
we proposed a Bayesian structural time series with synthetic con-
trols to automatically classify the impact of mask changes on rAHI 
(figure 3).44 This end-to- end method of automatically classifying 
harmful technical interventions might be extended to automate 
the measurement of the impact of changes in CPAP pressure set-
tings or changes in the CPAP device model or brand.63

The second clinically relevant potential of CPAP remote moni-
toring is the early detection of acute health events essentially re-
lated to exacerbations of cardiovascular OSA-related comorbidi-
ties.58 59 CPAP telemonitoring provides typical ‘digital signatures’ 64 
that are currently underused for detecting deterioration in cardiac 
function or the onset of arrhythmias.65

Multimodal remote monitoring platforms
‘Life’s Simple 7’ (a prescription for good health developed by the 
AHA) characterised cardiovascular health based on seven do-
mains: smoking, diet, physical activity, body mass index, blood 
pressure, cholesterol and fasting glucose. This metric of risk pre-
diction has been recently updated to ‘Life’s Essential 8’ by the addi-
tion of sleep health.66 The burden of OSA-related cardiometabolic 
comorbidities is high in patients with sleep apnoea and requires 
integrated risk reduction. Beyond CPAP treatment therapies, 
blood pressure control with appropriate medications and lifestyle 
interventions with physical activity and weight loss management 
are recommended. In addition to remote monitoring of CPAP ad-
herence, multimodal telemonitoring, by non-intrusively collecting 
real-life data on daily activities and comorbidity-related parame-
ters via smartphones67 or connected wearable devices68–70 may also 
have a clear impact on OSA management. In a randomised con-
trolled trial, multimodal telemonitoring including CPAP remote 
monitoring combined with wearables measuring blood pressure 
and number of steps conducted in patients with OSA at high car-
diovascular risk improved CPAP adherence and patient-centred 
outcomes (ie, daytime sleepiness and quality of life).70 Such an im-
pact was not observed in patients with OSA at low cardiovascular 
risk.71 In a recent randomised controlled trial recruiting patients 
with obesity and OSA treated by CPAP (168 patients recruited in 
16 centres in Japan), the multimodal telemonitoring group was 
encouraged by physicians to reduce their body weight (BW), af-
ter sharing the remotely obtained data on BW, blood pressure and 
step count.72 A greater percentage of BW reduction (≥3%) was ob-
served in the multimodal telemonitoring group compared with the 
usual CPAP telemonitoring group.72

Challenges and pitfalls of remote monitoring platforms
Although having a high potential to improve CPAP adherence and 
integrated OSA care, the development and implementation of re-
mote management pathways face several pitfalls that remain to be 
resolved. One major barrier is inequality in access, disadvantaging 
certain sectors of the population (ie, ‘The digital divide’)73 due to 
technical, cultural and financial obstacles. Another major concern 
is to implement and maintain high quality and standardised data 
handling.54 There is a lack of standardisation among the indica-
tors provided by different CPAP brands impacting the validity of 
information available to physicians.54 Thus, rules need to be pro-
posed by scientific societies to increase homogeneity in reported 

CPAP efficacy parameters. Another problem requiring attention is 
the differentiation between missing CPAP values and faults in data 
transmission. To avoid biases in computation, CPAP data manage-
ment and processing should be conducted rigorously with these 
points in mind. CPAP remote monitoring data contain a wealth of 
original information that is currently underused in routine prac-
tice and research. Open access and data sharing among specialis-
ts worldwide needs to be encouraged and facilitated to compare 
different health systems and to permit strategies that use artificial 
intelligence to be employed in the field of CPAP follow-up care 
pathways. Furthermore, the wearable connected devices used for 
multimodal telemonitoring of health-related parameters need to 
be properly evaluated and validated.74 Finally, many regulatory as-
pects regarding data privacy and healthcare regulations still need 
to be resolved with a focus on defining the data of greatest interest 
for diagnostic and follow-up purposes.

CPAP monitoring platforms provide a true opportunity for the 
development of shared decision-making in the field75 by giving pa-
tients access to the processing of their own data and allowing them 
and their caregivers to make informed decisions regarding lifestyle 
changes that promote better health. Digital platforms can also be 
used to capture patient-reported outcomes (figure 4).34

CARE TRAJECTORIES ILLUSTRATING THE FUNCTIONING
OF NEW CPAP MANAGEMENT PATHWAYS IN ROUTINE
CLINICAL SETTINGS
Symptomatic sleepy OSA free of comorbidities or with well-
controlled comorbidities
In these patients, a major improvement in symptoms is expected 
to be associated with lowering of rAHI as there are no associated 
conditions susceptible to generate treatment emergent CSA. The 
anticipated outcomes can be readily checked after 1–3 months 
of treatment using a combination of the remote CPAP monito-
ring platform and an in-person or virtual visit (depending on the 
patient’s preference). This visit would ideally be conducted by a 
physician but might be delegated to a non-physician caregiver if 
the remote monitoring platform conveys satisfactory results, that 
is, low rAHI with-low rAHI variability in the context of at least 4 
hours of daily usage of CPAP and controlled leaks. These patients 
with a lower risk of CPAP termination and complications would 
continue with standard care through their primary care provider 
unless there was another indication for referral to a respiratory/
sleep physician. This ‘straightforward’ follow-up mode is suitable 
for the majority of patients with OSA and should allow realloca-
tion of human resources to more complex and at-risk clinical situ-
ations.3

Comorbid insomnia and obstructive sleep apnoea
This clinical phenotype76 is one of the most frequent but remains 
insufficiently recognised in current practice. These patients not 
only exhibit disabling symptoms related to the two interrelated 
sleep disorders but are also at high risk of poor adherence and in-
tolerance to CPAP. Recent studies show that COMISA is associated
with a higher prevalence and incidence of cardiovascular diseases 
and early mortality compared with OSA alone.77 78 This population 
thus requires highly specialised and personalised care supervised 
by a sleep specialist. Emerging evidence suggests that cognitive 
behavioural therapy for insomnia should be proposed prior to 
starting CPAP as it improves subsequent adherence and patients 
should remain under the close supervision of a multidisciplinary 
team.

Minimally symptomatic patients with OSA and unstable
cardiovascular comorbidities
In these patients, often only a small improvement in symptoms 
is seen. This might be linked to poor adherence and high rates of 
CPAP termination.14 These patients are also those with the highest 
risk of high and variable rAHI.48 This group requires clinical fol-
low-up with a referent cardiologist and close monitoring of CPAP 
efficacy data provided by the remote monitoring platform, allow-
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ing exacerbations to be anticipated. If necessary, pharmacological 
treatments may need adjustment and a switch from CPAP to adap-
tive servo-ventilation should be made.

A dedicated clinic to provide alternative therapies in cases 
of CPAP termination
In an exhaustive nationwide database of half a million patients, 
we showed that CPAP termination rates reach 50% at 3 years after 
CPAP initiation.14 A large proportion of these patients are sub-
sequently left without treatment. A significant proportion could 
benefit from alternatives to CPAP13 or the treatment of symptoms, 
such as wake stimulants for those with persistent daytime sleepi-
ness at risk of traffic accidents.79 80 Patients who refuse or abandon 
CPAP treatment should be managed by tertiary care centres with 
multidisciplinary expertise able to propose the full spectrum of 
alternative treatments from mandibular advancement devices to 
surgery (in particular hypoglossal nerve stimulation and the newly 
emerging pharmacotherapies).

CONCLUSION AND PERSPECTIVES
There is a pressing need to create new outpatient care pathways to 
tackle the rising epidemic of OSA and the millions of CPAP-treat-
ed patients who need to be followed up. More diversified pathways 
might provide benefits at both organisational and patient levels. 
Risk stratification would permit more appropriate patient manage-
ment, decongesting sleep centres and providing greater equality 
in access to care. Patients would benefit from earlier intervention, 
fewer hospital visits, appropriate referral to a variety of special-
ties covering the full spectrum of sleep disorders and reductions 
in OSA-related complications and cardiovascular events. A com-
bined digital and in-person model of care would encourage patient 
engagement and shared decision-making and a better resource 
allocation between non-physicians and physicians. Table 1 sum-
marises the gaps or priorities in the domains of research and/or 
implementation. If our field can successfully navigate the imple-
mentation and validate the impact of these digital medicine strate-
gies, respiratory sleep medicine could provide a template for other 
specialties in chronic disease management.8
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RESUMO
Contexto: A doença pulmonar intersticial na infância 
(chILD) abrange um grupo de condições respiratórias 
raras e heterogéneas associadas a significativa morbidade 
e mortalidade. Relatórios sugerem que muitos doentes 
diagnosticados com chILD continuam a apresentar uma 
doença potencialmente progressiva ou fibrótica na idade 
adulta. Ao longo da última década, o espectro de condi-
ções dentro de chILD ampliou-se substancialmente, com 
a descoberta de novas entidades através de testes gené-
ticos avançados. No entanto, a maioria das evidências 
está limitada a pequenos estudos de casos, com relatos 
dispersos em diversas revistas de subespecialidades, clíni-
cas e moleculares. Em particular, a frequência, a gestão e 
os desfechos da fibrose pulmonar pediátrica não são bem 
caracterizados, ao contrário dos adultos, para os quais 
existem diretrizes claras de diagnóstico e tratamento.
Métodos e Resultados: Esta revisão avalia o enten-
dimento atual da fibrose pulmonar em chILD. Com base 
em dados de registos, foi estimada provisoriamente a 
ocorrência de fibrose em várias manifestações de chILD, 
sendo identificadas 47 entidades potencialmente fibró-
ticas de chILD. As evidências publicadas sobre a fibrose 
no espectro de entidades de chILD foram analisadas, e as 
questões atuais e futuras na gestão da fibrose pulmonar 
na infância, com continuidade na idade adulta, foram 
consideradas.
Conclusões: Há necessidade de melhorar o conheci-
mento sobre chILD entre pneumologistas para otimizar 
a transição do cuidado de instalações pediátricas para as 
de adultos. São necessárias diretrizes atualizadas basea-
das em evidências que incorporem recomendações para o 
diagnóstico e gestão de distúrbios mediados pelo sistema 
imunitário, bem como de chILD em crianças mais velhas 
que estão se aproximando da idade adulta.
.
INTRODUCTION 
Childhood interstitial lung disease (chILD) com-
prises a diverse group of rare respiratory disorders 
affecting infants, children and adolescents, some 
of which result in pulmonary fibrosis.1–3 Mortality 
in chILD cohorts may be substantial and estimates 
have varied in prospective studies between less than 
1%4 and 30% among infants and 13% overall.5 The 
outcome of individual disease entities is largely unk-
nown, and the exact causes of death often remain 
unclear. In adults, pulmonary fibrosis is a major 
cause of death in patients with ILD.6 In contrast, 
in paediatric patients, pulmonary fibrosis is a rare 
event, with few reports and no systematic prospec-
tive studies.7 In adults, the definition of fibrosis, 
early signs of fibrosis and features of progressive pul-
monary fibrosis have been extensively investigated, 
discussed and agreed on in international consensus 
statements of respiratory societies.8–11 In paediatric 
patients, however, no diagnostic criteria have been 
established for pulmonary fibrosis and other aspects 
of fibrotic disease behaviour. Several chILD disor-
ders are genetic in origin, with different defects (and 
phenotypes) manifesting with increasing age throu-
ghout life.12 While most children with severe lung 

developmental conditions such as acinar dysplasia or 
alveolar capillary dysplasia die in the neonatal period 
or during infancy,13 14 it has become clear that many 
children with chILD can survive into adulthood, 
where their disease will fall under the remit of adult 
physicians and pulmonologists. There is an unmet 
need for bridging chILD to adult ILD. The goal of 
this article is to provide state-of-the-art informa-
tion on fibrosing/potentially fibrosing lung disease 
in childhood and highlight issues to be addressed in 
future studies.

DEFINITIONS OF FIBROSIS IN CHILDREN 
Fibrosis is defined histopathologically as an increase 
in collagen deposition and fibroblasts, which may 
lead to loss of gas-exchange tissue accompanied by 
lobular remodelling of the parenchyma and micros-
copic honeycombing (figure 1). The lung can res-
pond to injury with different patterns of interstitial 
fibrosis, including fibrosing non-specific interstitial 
pneumonia (NSIP), and, though rare in childhood, 
usual interstitial pneumonia. The pathology of fibro-
sing ILD in children overlaps with that in adults, 
although lobular remodelling with smooth muscle 
hyperplasia is more prominent in young children 
(table 1).

While the resolution of CT imaging is much less 
than that of a lung biopsy, it allows for the asses-
sment of the entire lung parenchyma for findings 
suggestive of lung disease and fibrosis. Definite 
signs of fibrosis on CT in children and adults 
include evidence of traction bronchiectasis and 
bronchioloectasis (figure 2A) and honeycombing 
(figure 2B). Architectural distortion is characteri-
sed by displacement of pulmonary vessels, airways, 
fissures and septa (figure 2C and table 1). Areas of 
reticular opacites, often sub-pleural, are further evi-
dence for fibrosis (figure 2A and table 1). Several 
of these findings, and especially reticular opacities, 
can be observed with or without associated ground 
glass opacities. Importantly, cystic lucencies, parti-
cularly when accompanied by ground glass opaci-
ties, are an early characteristic of genetically defined 
surfactant dysfunction disorders (figure 2D), which 
frequently manifest with fibrosis early in life15 16 (see 
disease-specific sections below). Often the walls of 
these cysts are barely visible, due to the lack of a 
thicker fibrous or epithelial wall that often defines 
cysts.17 Based on current data, these cystic lesions 
are included in the imaging criteria for fibrosis. 
Correlation of these cystic lesions in chILD to the 
histopathology is needed.

Imaging findings in children need to be correla-
ted with patients’ clinical presentation and history 
and differentiated from lung abnormalities identi-
fied on CT scans obtained for other purposes, inclu-
ding staging scans for malignancies, or patients 
with known cardiac or lung disease not associated 
with fibrosis. Such findings have been labelled as 
interstitial lung abnormalities in adults and are pre-
sent in 33% of undiagnosed first-degree relatives of 
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patients with IPF,18 although they have not yet been investigated 
in children.

Understanding that lungs are constantly developing in children 
and that the postnatal lung has an enormous repair potential into 
adolescence is of pivotal importance when considering the genesis 
of fibrosis in childhood. How fibrosis evolves in the developing 
lung, and during the disease course of various conditions, and if all 
aspects are irreversible, is  largely unexplored and requires inves-
tigation.

DEFINITION OF PROGRESSIVE FIBROSIS IN CHILDREN 
In adults, progressive pulmonary fibrosis is defined in clinical practice 
guidelines by worsening of any two of the following three parameters 
over 12 months with no alternative explanation: respiratory symptoms, 
lung function (absolute decline in forced vital capacity ≥5% or absolute 
decline in diffusing capacity of the lung for carbon monoxide (DLCO) 
≥10%) or radiological changes.10 ‘Radiological changes’ encompass 
increased extent or severity of traction bronchioloectasis and bron-
chiectasis, new associated ground-glass opacity, new fine reticulation, 
increased extent or coarseness of reticulation, new or increased honey-
combing and increased volume loss.10 Longitudinal data in children 
are scarce, but cystic lesions increase over time in number and size in 

both surfactant protein C (SP-C) deficiency15 and adenosine triphos-
phate-binding cassette subfamily A member 3 (ABCA3) deficiency,16 
again supporting their role in paediatric lung fibrosis.

ILD disease trajectory may differ between adults and children of 
different age groups2 with possible differences in histological and 
radiological findings between children and adults. Changes in lung 
function in children occurring in the context of ongoing postnatal 
lung development further complicate the identification of progres-
sive fibrosis in children.7 In addition, in children, valid lung function 
measurements are usually not available until the age of 6 years and 
DLCO measurement is not available until the vital capacity is at least 
1000 mL. Thus, detection of disease progression in young children 
with chILD is difficult, and not possible using adult criteria.

chILD NATURAL DISEASE COURSE AND PULMONARY FIBROSIS 
In the last decade, the increased availability of genetic testing has 
led to the discovery of many genetic defects associated with novel 
entities of chILD, with different phenotypes and pathologies mani-
festing with increasing age.12 However, the natural history of most 
chILD entities is not yet determined. Whereas some remit and never 
become symptomatic in adults,19 20 chILD disorders may also have 
sustained chronic parenchymal inflammation and progress to fibro-
sis.21 22 In adults, data on the exact or estimated proportion of patients 
with progressive fibrosis among the various types of ILD are limited23 
while in children no such data are available. As an initial approach 
we searched the European- and US-chILD registries for the presence 
or absence of cases with diagnosed fibrosis.

FIBROSIS IN DIFFERENT chILD ENTITIES 
Analysis of the chILD-EU and US-chILD registries identified 47 dis-
tinct entities where fibrosis has been recorded (box 1).

Important entities manifesting fibrosis are discussed below. Figure 
3 shows lung histology in some of these entities while CT patterns 
are shown in figure 4. 
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LUNG-NATIVE PARENCHYMAL DISORDERS 
fSurfactant dysfunction disorders caused by pathogenic variations in 
the genes for ABCA3 (ABCA3) and SP-C (SFTPC) can manifest in 
childhood with consequences in later life.15 24

ABCA3 deficiency
ABCA3 is an intracellular transmembrane glycoprotein that facili-
tates the packaging and transport of surfactant into lamellar bodies 
of type 2 pneumocytes.25 More than 200 ABCA3 variants leading to 
loss of function have been described and are implicated in inherited 
pulmonary diseases with varying phenotypes, from potentially fatal 
neonatal respiratory distress syndrome to diffuse parenchymal lung
diseases in childhood or even adulthood.16 24 26 Progression to fibro-
sis is frequently reported in patients with ABCA3 mutations and 
ILD, generally increasing with age.16 24 27 Figures 1B, 2D show lung 
histological and chest CT characteristics of children with ABCA3 
deficiency.

SP-C dysfunction disorder 
SP-C dysfunction disorder is an inherited autosomal dominant dise-
ase caused by a mutation in the SFTPC gene.15 28 29 A former study 
categorised 17 patients who had a heterozygous dominant mutation 
in the SFTPC gene according to their typical characteristics and age.15 
Three categories of presentation were defined as (1) neonatal respira-

tory distress syndrome, as originally described for surfactant protein 
B deficiency,30 often with a family history of lung disease, previous 
pregnancy, miscarriage or postnatal death; (2) the classical presen-
tation of infants with tachypnoea, dyspnoea and failure to thrive, 
diffuse ground glass opacity on chest CT within the first few months, 
with pathological findings of NSIP, or a combination of pulmonary 
alveolar proteinosis (PAP), NSIP and desquamative interstitial pneu-
monia and (3) late childhood, adolescence or adulthood diagnosis of 
chronic pulmonary fibrosis15 31 with progressive findings of increased 
cystic lucencies and reticular opacities on chest CT.32 Figures 1A, 4A 
show lung histological and chest CT characteristics of children with 
an SFTPC mutation.

SYSTEMIC DISEASE-RELATED DISORDERS 
Children often present with pulmonary manifestations of systemic 
diseases, which can be associated with high morbidity and mortality. 
In a subset of patients, pulmonary disease may be the predominant ini-
tial clinical presentation. It is, therefore, important for paediatric pul-
monologists to consider systemic diseases when making a diagnosis.33

Systemic disease-related disorders in immunocompetent children
Conditions with a predominant lung phenotype 
Causes of chILD that have been linked with pulmonary fibrosis 
include mutations affecting fibroblast growth factor 10 (FGF10) and 
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its receptor FGFR2,34 brain–thyroid–lung syndrome/NKX2.1 defi-
ciency,35 T-box transcription factor 4 (TBX4) syndrome,36 filamin 
A (FLNA) deficiency37 38 and RAB5 deficiency.39 Due to the rarity of 
these diseases, their frequency and the extent of fibrosis are largely 
unknown.

MARS1 deficiency
A severe form of childhood PAP caused by biallelic missense muta-
tions in the methionyl-tRNA synthetase 1 gene (MARS1) has been 
reported, with high prevalence localised to the island of La Réunion 
in the Western Indian Ocean.40 MARS1 encodes for cytosolic MARS1 
and plays a pivotal role in protein biosynthesis. Patients present with 
respiratory insufficiency, PAP, progressive pulmonary fibrosis (in 
about 50% by the age of 14 years), and structural hepatopathy, with 
high rates of mortality reported.41 A recent study of two cases with 
pathogenic biallelic MARS1 gene mutations demonstrated a mul-
tisystemic phenotype not restricted to the lung and liver, treatable 
with a methionine-rich diet.40 CT findings in patients with MARS1 
deficiency have included ground glass opacities with septal thicke-
ning resulting in a crazy paving pattern.40 42

FARS1-related disorders 
Three comparative MRMC studies reported on the impact of AI 
assistance on reading times.18 22 23 Reading times were significantly 
faster with AI assistance compared with unaided readers: median 86 
(IQR 51–141) seconds vs 160 (IQR 96–245) seconds (p<0.001)22 and 
mean 98.0 seconds vs 132.3 seconds per case (p<0.01)18 for radio-
logists, and median 3 (IQR 2–5) and 5 (IQR 4–8) min for radiogra-
phers using AI in a laboratory (ie, non-clinical) setting vs 10 (IQR 
5–15) min for radiologists (unassisted reading in clinical practice).23

Fibrosis, neurodegeneration and cerebral angiomatosis syndrome 
Rare biallelic missense variants in NHL repeat containing protein 
2 (NHLRC2) have recently been discovered to cause fibrosis, neu-
rodegeneration and cerebral angiomatosis (FINCA) syndrome, a 
combination of pulmonary fibrosis, neurodegeneration and cerebral 
angiomatosis.47 The associated phenotype can be lethal in infancy, 
and a small number of cases have reported initial presentation of 
ILD combined with neurodevelopmental delay and multiorgan 
involvement.47 48 Recently, a study using the chILD-EU register data-
base found that some patients experience stabilisation of their lung 
disease over time and survive into childhood, suggesting that FINCA 
syndrome should be considered at all ages, including in patients with 
a history of stabilising chILD who have neurodevelopmental delay.49 
Chest CT findings were variable including ground glass opacities, 
consolidation, cysts and overinflation. Of interest, NHLRC2 expres-
sion is increased in idiopathic pulmonary fibrosis in adults.50

Systemic disease-related disorders with features of
immunodeficiency/Immunodysregulation/autoinflammation
Rheumatological disorders 
Pulmonary disease is more common in certain autoimmune rheu-
matological diseases typically diagnosed after 6 years of age and dri-
ven by the adaptive immune system (ANCA-associated vasculitis, 
Ribonucleoprotein (RNP)-associated systemic lupus erythematosus 
(SLE), melanoma differentiation-associated protein 5 (MDA-5) juve-
nile dermatomyositis (JDM), juvenile systemic sclerosis (jSSc).



Revisão do estado da arte

140 Griese M, et al. Thorax 2024;79:1162–1172. doi:10.1136/thorax-2024-221772

ANCA-associated vasculitis
In paediatric ANCA-associated vasculitis (pAAV), pulmonary 
involvement is very common, with higher prevalence in eosinophi-
lic granulomatosis with polyangiitis (EGPA (88%)) compared with 
GPA (52%–74%) and microscopic polyangiitis (MPA (29%–44%)) 
although EGPA is much less common51; often pAAV presents with 
periods of high acuity with overt respiratory symptoms such as chro-
nic cough, exertional dyspnoea, haemoptysis and respiratory distress 
secondary to haemorrhage and vasculitis, especially in GPA compa-
red with MPA and unclassified AAV. However, paediatric patients 
can also be asymptomatic with their lung disease evolving into fibro-
tic interstitial changes,52 especially in MPA. Imaging findings of AAV 
include ground glass opacities and areas of consolidation as well as 
centrilobular and larger nodules, characteristic of pulmonary hae-
morrhage.53

Systemic lupus erythematosus
SLE has a high prevalence of pulmonary disease (up to 40% within 
the first year)54 ; a common acute presentation with a good progno-
sis is pleuritis; less common acute presentations involve acute lupus 
pneumonitis (ALP; <10%) of which about 3% may lead to chronic 
ILD.55 The increased risk factors for ILD (eg, anti-RNP, ANCA, 
severe SLE activity) remain controversial. Common findings on CT 
in patients with SLE include ground glass opacities, septal thickening 
and diffuse consolidation, each of which are seen in more than 50% 
of patients. Other common findings include patchy consolidations, 
fibrotic changes and pleural effusions.56 Other chronic presentations 
include shrinking lung disease (<1%) and pulmonary hypertension 
(5%–14%).

Melanoma differentiation-associated protein 5 juvenile dermatomyositis
MDA-5 associated JDM (<5% of total JDM subtypes in the USA 
and UK) has a high prevalence of rapidly progressive ILD leading to 
alveolar fibrosis.57 In a Japanese study, 31% of patients with MDA-5 
JDM developed ILD, which was rapidly progressing in 50% of cases.58 
Radiological patterns in MDA-5 JDM are often described when the 

patient is symptomatic with a rapidly evolving course with ground 
glass opacities and multifocal areas of consolidation, sometimes 
complicated by pneumothorax and pneumomediastinum. In some 
cases, this may progress quickly to findings of fibrosis including reti-
cular opacities, traction bronchiectasis and architectural distortion.59

Juvenile systemic sclerosis
jSSc is an autoimmune disease with an indolent subclinical pulmo-
nary course that can be detected early. Although jSSc is rare, pulmo-
nary disease ranges from 35% to 55% and includes ILD, pulmonary 
arterial hypertension secondary to ILD and vasculopathy.60 Early 
chest CT findings typically reflect alveolitis, with ground glass opa-
cities and micronodules that progress slowly to fibrosis with findings 
of reticular opacities, traction bronchiectasis, honeycombing, cystic
changes and architectural distortion.61 Despite these findings, many 
patients with jSSc can be asymptomatic, especially early in the dise-
ase course.

Autoinflammatory diseases
Unlike autoimmune rheumatological disease, autoinflammatory 
diseases develop earlier in childhood and are driven more by the 
innate immune system. These include COPA (coatomer protein com-
plex subunit alpha) (syndrome) and stimulator of interferon genes 
(STING)-associated vasculopathy with onset in infancy (SAVI).

Coatomer protein complex subunit alpha
COPA is a monogenic endoplasmic reticulum stress disease leading 
to lung inflammation and scarring typically presenting (76%) before 
age of 5 years62; pulmonary manifestations (chronic cough, tachyp-
noea, dyspnoea) are common due to capillaritis and alveolar hae-
morrhage or ILD associated with lymphoid hyperplasia and follicular 
bronchiolitis, lymphocytic interstitial pneumonia (LIP), pulmonary
cysts and fibrosis; a unique CT pattern is diffuse ground glass opa-
city, septal thickening and cysts and centrilobular nodules. Common 
chest CT findings such as ground glass opacities and pulmonary 
nodules, can improve while cysts, septal thickening and fibrosis may 
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progress (figure 4C).63 As COPA has variable clinical penetrance, 
patients can be asymptomatic but universally develop progressive 
lung disease with worsening pulmonary function due to pulmonary
haemorrhage, which can be insidious, or ILD.

STING-associated vasculopathy with onset in infancy
SAVI is a monogenic, autosomal dominant type I interferonopa-
thy caused by gain-of- function variants in transmembrane protein 
173 (TMEM173), which presents typically early in life with cough, 
tachypnoea, exertional dyspnoea, haemoptysis in association with 
ILD (75%). Chest CT imaging demonstrates ground glass opacities, 
septal thickening, reticular opacities and cysts that can be seen in 
lung fibrosis.64 However, the severity and natural course of lung dise-
ase vary even within the same mutation.65 Figures 3B, 4B show lung 
histological and chest CT characteristics of children with SAVI.

Hermansky-Pudlak syndrome
Hermansky-Pudlak syndrome (HPS) is a rare hereditary disorder 
of albinism and bleeding diathesis.66 There are at least 11 different 

forms of HPS caused by mutations in different genes.66 67 While all 
have oculocutaneous albinism and bleeding diathesis due to plate-
let dysfunction, other organ manifestations are variable. For HPS1 
and HPS4, pulmonary fibrosis has been reported in early adulthood 
but typically occurs in middle-aged adults,68 69 whereas children with 
HPS2 may develop ILD and pulmonary fibrosis.66 In the lungs, dys-
functional type 2 epithelial cells interact with macrophages, other 
immune cells and fibroblasts to generate fibrotic remodelling of the 
tissue.66 70 71 CT findings in patients with HPS include ground glass 
opacities, reticulation and traction bronchiectasis.

STAT3-GOF variants
Signal transducer and activator of transcription 3 gain-of-function 
(STAT3-GOF) variants cause severe multisystem autoimmunity, 
with ILD manifestations developing in approximately one-third of 
patients. A recent case study identified two new lung-predominant 
STAT3 variants, which manifested as severe ILD during the first 3 
years, highlighting the importance of closely monitoring pulmonary 
function in patients known to carry STAT3-GOF alleles.72 Other 
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immunisations may reduce the risk of exacerbations.87 Patients with 
autoimmune disorders may be treated with steroids1 and potentially 
steroid-sparing immunosuppressive medications such as mycophe-
nolate mofetil (MMF), azathioprine, intravenous immunoglobulin, 
cyclophosphamide and calcineurin inhibitors.88 Inhibitors of Janus 
kinase such as baricitinib and ruxolitinib may also be an effective 
treatment of autoinflammatory interferonopathies, such as SAVI, 
STAT3-GOF and COPA, and several case studies have demonstra-
ted promising results.89–91 In addition, biologics such as rituximab, 
an anti-CD20 monoclonal antibody, have shown promising effects 
in treating immune-mediated diseases, with several studies showing 
efficacy in treating systemic sclerosis in adults and children, inclu-
ding one study combining rituximab with MMF.92–95

The anti-inflammatory agents hydroxychloroquine and azi-
thromycin have been included in treatment protocols for chILD.1 The 
first randomised, placebo-controlled trial in chILD, which included a 
large fraction of potentially fibrosing chILD with a mean forced vital 
capacity of approximately 50% of predicted, was a recently comple-
ted phase II study of hydroxychloroquine in 29 children.96 Although 
the study failed to document treatment efficacy, partly because of its 
small size, hydroxychloroquine was well tolerated. While larger stu-
dies will be necessary, the results suggest that the previous optimistic 
appraisal of hydroxychloroquine use in chILD should be evaluated 
further. 

The InPedILD trial, a double-blind, randomised, placebo-con-
trolled clinical trial of nintedanib in children and adolescents (6–17 
years) with clinically significant fibrosing chILD, used a definition 
of paediatric lung fibrosis based on the imaging and histology cri-
teria to identify eligible patients for enrolment.97 Fibrosis was diag-
nosed by the presence of one of the biopsy criteria and one or more 
high-resolution CT (HRCT) findings, excluding cystic abnormali-
ties, ≤12 months before screening or, in the absence of a biopsy with 
fibrosis, by the presence of two or more HRCT findings, including 
cystic abnormalities on ≥2 scans, with the most recent performed 
≤12 months before screening. The safety and tolerability profile of 
nintedanib therapy was favourable in children with established fibro-
sis aged ≥6 years included in InPedILD.97 98 Exploratory analyses of 
efficacy showed encouraging activity. Although the difference was 
not significant, patients in the nintedanib group had a mean increase 
in forced vital capacity of 0.3%±1.3% predicted at 24 weeks com-
pared with a decline of 0.9%±1.8% in the placebo group (nominal 
p=0.60).97 Bayesian analysis indicated a median difference of 1.63% 
(95% credible interval –0.69 to 3.40).98 

FUTURE DIRECTIONS 
Clinical and translational investigations into condition-specific 
development of pulmonary fibrosis in infants and children are nee-
ded to define the mostly unknown natural disease course as well as 
the disease mechanisms in which injury, repair and fibrosis occur 
in the context of normal lung growth. Transfer of advances already 
achieved from the intense study of idiopathic pulmonary fibrosis in 
adults into childhood may speed up the introduction of successful 
treatments in younger patients.

The definition of fibrosis detailed here and used in InPedILD 
needs to be further substantiated and may provide a model for future 
placebo-controlled randomised trials that assess whether the deve-
lopment or progression of pulmonary fibrosis can be prevented. For 
drug trials in adults that are supported by pharmaceutical compa-
nies, investigational plans should be extended to the paediatric age 
groups, if possible. Similarly, investigator-initiated studies in adults 
should be re-evaluated for the inclusion of paediatric centres with 
appropriate expertise.

An exploitable advantage of many of the chILD conditions is kno-
wledge about their molecular basis and disease pathways, which 
may be targeted by personalised therapy. For example, high-content 
screening of US Food and Drug Administration-approved small 
molecules identified ciclosporin A as a potent corrector of some 
ABCA3 mutation variants.99 Repurposing of approved drugs may 
help to facilitate treatment options for some conditions including 
ABCA3 deficiency. Gene therapy is a promising option to treat lung 

disorders associated with immune-dysregulated ILD in children 
include LIP and granulomatous lymphocytic ILD.

Telomeropathies
While mutations in genes of the telomere complex can play a major 
role in fibrosis in adults,31 this is relatively rare in paediatric patients 
but may cause fibrosis.73 In children with variants of the dyskeratosis 
congenita gene, DKC1, lung fibrosis can also be observed (Hoyeraal-
Hreidarsson syndrome).74

EXPOSURE-RELATED DISORDERS
Exogenous allergic alveolitis/hypersensitivity pneumonitis 
Hypersensitivity pneumonitis (HP) is a group of immunologically 
mediated lung diseases caused by an immunoglobulin G-mediated 
hypersensitivity reaction to an environmental trigger. This leads to 
inflammation of the distal bronchioles and alveoli, often with granu-
lomas and, if not diagnosed and treated, may lead to chronic severe 
lung disease including progressive fibrosis, emphysema and secon-
dary pulmonary hypertension.75 Figure 3C shows lung histological 
fibrosis characteristics of a child with HP. CT findings of HP include
ground glass opacities, centrilobular nodules and mosaic attenuation 
in the acute and subacute phases and can progress to include fibrotic 
changes such as reticulation, traction bronchiectasis and honeycom-
bing in chronic HP.  

Pulmonary fibrosis or pleuroparenchymal fibroelastosis
following radiation, chemotherapy or stem cell transplant 
It has long been recognised that allogenic bone marrow transplan-
tation in children is associated with fibrotic pulmonary compli-
cations.76 In the last decade, there have been developments in our 
understanding of ILD entities following autologous stem cell trans-
plant, including non-infectious idiopathic pneumonia syndrome 
(IPS).77 More recently, in a study of 340 paediatric patients treated 
with high-dose chemotherapy and autologous haematopoietic stem 
cell transplantation (HSCT), 2.4% developed non-infectious ILD.78 
Lung biopsies showed interstitial fibrosis and/or septal expansion 
from inflammatory cells and pleural thickening.78

Pleuroparenchymal fibroelastosis (PPFE) represents fibrosis of the 
pleura and subpleural parenchyma, dominating the upper lung lobes. 
On CT, patients present with areas of pleural thickening, traction 
bronchiectasis, architectural distortion and consecutive volume loss 
(figures 4D, E). Many patients may have a flattened chest (platytho-
rax). Pneumothorax is a common complication. Histology shows 
fibrosis with a particular abundance of elastic fibres. In contrast to 
adults, in children only one case of idiopathic PPFE has been repor-
ted,79 with secondary PPFE more frequent, having an incidence 
of 4% after HSCT and previous chemotherapy or radiotherapy.80 
Following SCT, the median overall survival with PPFE was only 6.8 
years.80 Whereas the combined presence of bronchiolitis obliterans, 
organising pneumonia and IPS increased the risk of PPFE by about 
2.5-fold, pneumonia more than 3 months after SCT increased the 
risk by about 10-fold. In lung transplanted subjects, PPFE may be a 
manifestation of chronic lung rejection.81 

TREATMENT OF FIBROSING chILD 
Pulmonary fibrosis is a consistent response pattern of the lungs to a 
variety of injuries. As indicated above, these include endogenous fac-
tors like autoinflammatory, autoimmune and strong genetic drivers, 
and noxious exogenous factors. Second hits, such as acute exacerba-
tions due to respiratory tract infections, have been shown to have a 
significant and deleterious effect on the clinical course of and health-
related quality of life in chILD.82 Thus, management targeting these 
underlying factors is likely to ameliorate the driving forces towards 
inflammation and fibrosis.7

All recommendations are limited by the absence of appropriate 
randomised controlled clinical trials. Besides supportive treatments 
in the form of oxygen supplementation and/or ventilation, ade-
quate caloric intake, psychosocial support and physiotherapeutic 
rehabilitation, clinical management is currently guided by indirect 
evidence, case reports and clinical experience.1 83–86 Prophylactic 
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diseases due to monogenetic causes like SP-B-, SP-C and ABCA3 
deficiency.100 Use of induced pluripotent stem cell (iPSC) techno-
logy (eg, iPSC systems carrying the ILD-associated SFTPC variant) 
can also be helpful for disease modelling and assessment of novel 
therapeutics.101 

CONCLUSIONS 
In the last decade, there have been developments in our unders-
tanding of the genetic component of chILD and the progression 
of certain disorders into adulthood. With the discovery of novel 
entities, there is a need for improved knowledge of chILD among 
pulmonologists to optimise the transition of care from paediatric to 
adult facilities. Updated evidence-based guidelines are needed that 
incorporate recommendations for the diagnosis and management 
of immune-mediated disorders, as well as chILD in older children 
approaching adulthood. Translational and clinical research into the 
mechanisms of fibrosing pathways in well-defined chILD is critical 
to develop targeted strategies. Monitoring disease progression and 
developing a therapeutic strategy to prevent pulmonary fibrosis or 
its progression are imperative for the future treatment of ILD in 
children and adolescents, and when they move into adult care.
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