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Zimbus·� 
breezhaler ®

lndacaterol, glicopirrónio, furoato de mometasona 
pó para inalação, cápsulas 

Dá ritmo à vida· 
Para adultos com ASMA moderada a grave não controlados adequadamente 

com LABA/ICS. 1 

1. Zimbus® Breezhaler®, Resumo das Características do Medicamento, última atualização 12/11/2021. Disponível em https://www.ema.europa.eu/en/doruments/product-information/zimbus-breezhaler-epar-product 
�nformation_pt.pdf. Consultado a 12/01/2022. Terapêutica inalada, 1x/dia, combinação de dose-fixa de acetato de indacaterol, brometo de glicopirrónio e furoato de mometasona. Mistura de lactose
em pó para inalação, doses únicas, através do dispositivo BREEZHALER® que permite a confirmação de doses'. *Entende-se por  'dá ritmo à vida' que o doente ao tomar Zimbus® Breezhaler® poderá 
obter melhorias de função pulmonar, controlo de sintomas, qualidade de vida e redução de exacerbações vs terapêuticas padrão. 2. Gessner C, et ai. Fixed-dose combination of
indacaterol/glycopyrronium/mometasone furoate once-daily versus salmeterol/fluticasone twice-daily plus tiotropium once-daily in patients with uncontrolled asthma: A randomised, Phase l l lb, 
non-inferiority study {ARGON). Respir Med. 2020 Aug-Sep;170:106021. 3. Kerstjens HAM, et ai. Once-daily, single-inhaler mometasone-indacaterol-glycopyrronium versus mometasone-indacaterol
or twice-daily fluticasone-salmeterol in patients with inadequately controlled asthma (IRIDIUM): a randomised, double-blind, controlled phase 3 study. Lance\ Respir Med. 2020 Oct;8(10):1000-1012. 
4. EPAR: European public assessement repor!. https://www.ema.europa.eu/en/documents/assessment-report/zimbus-breezhaler-epar-public-assessment-report_en.pdf; consultado em 21/0512021. 
LABA: Agonista Beta2 de longa duração de ação; LAMA: antagonista muscarínico de longa duração de ação; ICS: corticosteroides inalados.

Zimbus Breezhaler 114 microgramas/46 microgramas/136 microgramas pó para inalação, cápsulas 
NOTA: Antes de prescrever consulte o RCM do medicamento. APRESENTAÇÃO: Pó para inalação, cápsula (pó para inalação). Cada cápsula contém 150 microgramas de indacaterol, 50 microgramas de glicopirrónio e 
160 microgramas de furoato de mometasona. Cada dose libertada (a dose libertada através do aplicador bocal do inalador) contém 114 microgramas de indacaterol (na forma de acetato), 8 microgramas de brometo de glicopirrónio 
equivalente a 46 microgramas de glicopirrónio e 136 microgramas de furoato de mometasona. Excipiente(s) com efeito conhecido: Cada cápsula contém 25 mg de lactose mono-hidratada. INDICAÇÕES: Zimbus Breezhaler está 
indicado como terapêutica de manutenção da asma em doentes adultos não controlados adequadamente com uma associação de um agonsta beta, de ação prolongada e uma dose alta de corticosteroide inalado em regime de 
manutenção que experimentaram uma ou mais exacerbações da asma no ano anterior. POSOLOGIA: Adultos: A dose recomendada é uma cápsula inalada uma vez por dia.A dose máxima recomendada é de 114 µg/46 µgl136 µg 
uma vez por dia. Doentes pediátricos (< 18 anos): Não recomendado em doentes com menos de 18 anos de idade. Populações especiais: População idosa: Não é necessário ajuste de dose em doentes idosos (65 anos de 
idade ou mais). Compromisso renal: Não é necessário ajuste de dose em doentes com compromisso renal ligeiro a moderado. Deve ter-se precaução em doentes com compromisso renal grave ou doença renal terminal que 
necessitem de diálise. Compromisso hepático: Não é necessário ajuste de dose em doentes com compromisso hepático ligeiro a moderado. Não existem dados disponíveis sobre a utilização deste medicamento em doentes 
com compromisso hepático grave, como tal deve ser utilizado nestes doentes apenas se o benefício esperado superar o risco potencial. Modo de administração: Apenas para utilização por via inalatória. As cápsulas não podem 
ser engolidas. Os doentes que não sintam melhorias na sua respiração devem ser questionados se estão a engolir o medicamento em vez de o inalar. As cápsulas têm de ser administradas usando apenas o inalador Zimbus 
Breezhaler. O tratamento deve ser administrado à mesma hora do dia lodos os dias. Pode ser administrado independentemente da hora do dia. Após a inalação, os doentes devem lavar a boca com água sem engolir. Se for omitida 
uma dose, esta deve ser tomada assim que possível. Os doentes devem ser instruídos a não tomarem mais do que uma dose por dia. As cápsulas de Zimbus Breezhaler devem ser sempre conservadas no blister para proteger 
da luz e humidade, e só podem ser removidas do blister imediatamente antes da utilização. CONTRAINDICAÇÕES: Hipersensibilidade às substâncias ativas ou a qualquer um dos excipientes. ADVERTÊNCIAS/PRECAUÇÕES: 
♦ Asma Aguda: não deve ser utilizado para tratar sintomas agudos de asma, induindo episódios agudos de broncospasmo, para os quais é necessário um broncodilatador de curta ação. ♦ Hipersensibilidade: Se ocorrer uma 
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beta, e corticosteroides pode produzir um aumento da glucose plasmática. Nos doentes diabéticos, ao iniciar o tratamento, a glucose plasmática deve ser monitorizada mais cuidadosamente.♦ Efeitos antícolínérgícos: Tal como 
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Nesta edição é apresentado um retrato do momento actual da medicina respiratória, em que se conjuga maturidade científica, 
inovação terapêutica e urgência ambiental.
Alguns contributos merecem particular destaque. O primeiro, da autoria de Hitasha Rupani, apresenta a nova guideline conjunta 
BTS/NICE/SIGN sobre asma, como uma resposta consensual às inconsistências históricas nesta área. Esta guideline propõe uma 
reformulação paradigmática de três domínios críticos: diagnóstico baseado em biomarcadores inflamatórios (FeNO e eosinófilos), 
terapêutica universal de alivio e de manutenção sempre com fármaco anti-inflamatório, e encaminhamento precoce para espe-
cialistas com base em risco biológico. Marca assim um alinhamento inédito com uma prática clínica realista e baseada em valor. 
Para sistemas como o português, que enfrentam desafios de adesão, capacitação e equidade, esta abordagem integrada oferece 
ensinamentos práticos.
O segundo editorial, de Sarah Chambliss et al., expande o foco clínico para o impacto das alterações climáticas e da poluição 
atmosférica, explorando interações complexas e sinérgicas entre temperaturas extremas e poluentes menos estudados, como o 
formaldeído. Ao demonstrar efeitos de interação específicos entre calor e poluentes em hospitalizações pediátricas por doença 
respiratória, este estudo reforça a necessidade de métricas ambientais ajustadas, modelos regionais e sistemas de alerta adaptativos, 
com potencial aplicabilidade à Saúde Pública em Portugal.
Por fim, o artigo original publicado no Archives of Disease in Childhood, conduzido por Bohee Lee et al., destaca o valor do 
consenso estabelecido entre profissionais de saúde e pais na definição de desfechos relevantes para ensaios clínicos na sibilância  
pré-escolar tratada com corticosteroides orais. Este estudo internacional, representa um modelo de investigação participativa e 
centrada no doente, promovendo não apenas a robustez metodológica, mas também a pertinência clínica e ética da investigação 
pediátrica.
Ao integrar estas três vertentes (1. prática clínica orientada por biomarcadores; 2. resposta ambiental sistémica e 3. Envolvimento 
de doentes e cuidadores), propõe-se um reposicionamento das nossas especialidades enquanto disciplinas sentinelas da saúde pla-
netária. Na era do Antropoceno, onde os determinantes ambientais e sociais da saúde respiratória se entrelaçam de forma inédita, 
esta convergência entre guidelines baseadas em evidência, investigação ecológica integrativa e construção participada de valor 
clínico, representa não apenas um avanço, mas uma exigência ética e científica para as próximas décadas.
Finalmente, é este um momento em que a “luta” anti-infecciosa está muito presente na nossa agenda clínica, pelo que a leitura dos 
2 artigos finais sobre imunização ao VSR, ganha ainda maior relevância…

Mário Morais de Almeida
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As guidelines da British Thoracic Society 
(BTS), do National Institute for Health 
and Care Excellence (NICE) e da Scottish 
Intercollegiate Guidelines Network (SIGN) 
para o diagnóstico, monitorização e 
tratamento da asma crónica, publicadas 
em novembro de 2024 na revista Thorax,1 
representam o primeiro conjunto de 
recomendações. Durante muitos anos, 
a existência de múltiplas guidelines, 
f re quentemente  cont rad itór i as  e 
desalinhadas entre si e com orientações 
internacionais, foi apontada como um 
dos principais obstáculos à melhoria 
dos resultados nacionais em asma.2 Esta 
inconsistência também foi associada ao uso 
subótimo de inaladores anti-inflamatórios 
(corticosteroides inalados – ICS) e à 
dependência excessiva de inaladores 
de alívio. Por isso, estas guidelines, 
desenvolvidas com base em conhecimento 
clínico, avaliação económica rigorosa e o 
contributo de um comité experiente, são 
amplamente bem recebidas e servirão de 
base para melhorar os resultados da asma 
no futuro.

Três aspetos fundamentais destas 
guidelines irão transformar a prática clínica. 
Primeiro, o algoritmo de diagnóstico é 
o primeiro a incorporar biomarcadores
inflamatórios como passo inicial. Dado
que a asma é uma doença inflamatória,
é surpreendente que nenhuma guideline
anterior tenha recomendado o uso de
biomarcadores no seu diagnóstico. Daqui
em diante, em doentes com sintomas
sugestivos de asma, níveis elevados de
óxido nítrico exalado (FeNO) ou contagem
de eosinófilos no sangue (BEC) serão
suficientes para estabelecer o diagnóstico.
Os clínicos há muito defendem a inclusão
de biomarcadores no diagnóstico da
asma, e as análises económicas realizadas
durante o desenvolvimento destas
guidelines demonstraram, finalmente,
uma convergência entre as recomendações
clínicas e a relação custo-eficácia.

Segundo o algoritmo de diagnóstico, 
se os biomarcadores inflamatórios não 
estiverem elevados, recomenda-se o teste 
de reversibilidade com broncodilatador. 
Se este não fornecer um diagnóstico, o 
próximo passo é o teste de provocação 
brônquica (BCT). Espera-se que cerca 
de 50% dos doentes necessitem de 
encaminhamento para BCT, o que levanta 
preocupações válidas sobre a capacidade 
dos cuidados secundários para gerir 
o volume de encaminhamentos. Ao
incorporar a variabilidade do pico de fluxo
no processo, se o teste de reversibilidade
for adiado, a necessidade de BCT reduz-se
para menos de 20%, enquanto não realizar
biomarcadores pode aumentar essa
necessidade para 70%.3

Como guideline do NICE, cada etapa 
do percurso diagnóstico, juntamente 
com as várias combinações possíveis 
dessas etapas, foi submetida a avaliações 
rigorosas de eficácia clínica e económica. 
Apesar disso, é provável que surjam 
questões sobre a implementação do 
percurso diagnóstico. Estimativas de 
há alguns anos indicavam que cerca de 
50% dos cuidados primários tinham 
acesso ao FeNO.4 As guidelines ajudarão 
a impulsionar a criação de centros 
comunitários de diagnóstico e,  se 
acompanhadas de investimento em 
equipamento e formação de pessoal, 
permitirão um diagnóstico mais rápido 
e preciso, reduzindo a pressão sobre os 
cuidados secundários para realizar BCT.

O segundo aspeto fundamental da 
guideline é o algoritmo de tratamento, 
que recomenda a combinação de ICS com 
broncodilatador de ação rápida (formoterol) 
em todas as etapas do tratamento para 
pessoas com 12 anos ou mais. No momento 
do diagnóstico, pode ser usado conforme 
necessário (também conhecido como 
anti-inflamatório de alívio – AIR) e, se os 
doentes permanecerem descontrolados, 
o tratamento é escalado para uso como
terapia de manutenção e alívio (MART)
com o mesmo inalador. Isto está alinhado
com guidelines internacionais5,6 e tem
várias vantagens. Principalmente, garante
que todos os doentes com asma recebam
ICS, o que está comprovado que reduz a
morbilidade e mortalidade relacionadas
com a asma.7 8 Embora 80% dos doentes com
asma no Reino Unido recebam prescrição
de ICS,9 55% recolhem menos de cinco
inaladores por ano,10 o que indica níveis
elevados de não adesão ao ICS e consequente

Esta é a guideline unificada sobre asma que 
estávamos esperando?
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monoterapia com inalador de alívio. A 
estratégia AIR garante perfeita concordância 
entre o uso de ICS11-14 e inalador de alívio, 
e os ensaios clínicos mostram que resulta 
em riscos de exacerbação semelhantes ou 
inferiores aos da terapia tradicional com 
ICS em dose baixa regular e, importante, 
também reduz a inflamação das vias aéreas 
(medida por FeNO).12 Além disso, simplifica 
o tratamento, reflete o comportamento dos
doentes (usando mais quando têm sintomas
e menos quando estão bem) e tem uma
pegada de carbono mais baixa.15

A implementação do algoritmo de gestão 
recomendado apresentará desafios. Os 
doentes estão habituados a transportar 
consigo o inalador de alívio “azul”. A 
mudança para longe do “inalador azul” 
exigirá tempo e educação. Atualmente, 
apenas certos inaladores estão licenciados 
para terapia AIR e MART, mas o seu papel 
destacado nas diretrizes deverá incentivar 
a indústria farmacêutica a avançar com a 
aprovação regulamentar de mais inaladores.

O terceiro aspeto fundamental é a 
orientação clara sobre quando encaminhar 
doentes adultos para um especialista em 
asma. Mais uma vez, as guidelines enfatizam 
a importância dos biomarcadores 
inflamatórios (FeNO e BEC) na gestão da 
asma. Se os doentes em MART com dose 
moderada permanecerem descontrolados 
e apresentarem biomarcadores elevados, 
recomenda-se o encaminhamento. 
Esta é uma recomendação importante, 
pois esses doentes têm elevado risco de 
exacerbações,16-18 e o encaminhamento 
precoce permite uma inter venção 
atempada,  incluindo t ratamentos 
biológicos. Mais de 50% dos doentes que 
iniciam biológicos no Reino Unido estão 
descontrolados há mais de dois anos,19 e 
espera-se que a recomendação clara nas 
novas guidelines melhore esta situação. Se 
nenhum biomarcador estiver elevado, são 
apropriadas e recomendadas tentativas 
sequenciais com antagonistas dos recetores 
de leucotrienos e antagonistas muscarínicos 
de longa duração. As guidelines também 
recomendam especificamente contra o uso 
de ICS em dose elevada sem supervisão 
especializada. Os riscos dos ICS em dose 
elevada são bem reconhecidos,20 e apesar 
das recomendações de que devem ser 
prescritos apenas a 5–10% dos doentes com 
asma grave, 20% de todas as prescrições de 
ICS na Inglaterra são de dose elevada.10

Para responder à pergunta colocada no 
título, a resposta é “sim”. As recomendações 
arrojadas e transformadoras destas guidelines 
são um desenvolvimento bem-vindo. Embora 
a implementação exija tempo e investimento, 
a inclusão de avaliação económica em cada 
etapa oferece uma garantia valiosa às equipas 
clínicas e aos responsáveis pelos serviços. Ao 
melhorar o diagnóstico, facilitar a adesão ao 
ICS e garantir o encaminhamento atempado 
de doentes de alto risco para especialistas, 
estas guidelines representam uma abordagem 
custo-eficaz para melhorar os resultados da 
asma a nível nacional.
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O aumento da intensidade, frequência e 
duração dos eventos climáticos extremos 
devido às alterações climáticas representa 
uma ampla gama de riscos para a saúde.1 Os 
efeitos sinérgicos de temperaturas extremas 
combinadas com outras exposições perigo-
sas, como a poluição do ar, podem resultar 
em riscos mais elevados de mortalidade por 
todas as causas e de morbilidade cardiovas-
cular e respiratória do que a exposição a 
cada fator isoladamente.2 3  Existem vários 
mecanismos hipotéticos para esse efeito de 
interação, incluindo maior suscetibilidade 
aos efeitos do calor em condições crónicas 
influenciadas pela poluição do ar, agrava-
mento dos efeitos da poluição devido ao 
stresse induzido pela temperatura e vias 
fisiopatológicas partilhadas (por exemplo, 
inflamação sistémica), embora os mecanis-
mos fisiológicos específicos ainda não se-
jam bem compreendidos.2

Neste editorial, discute-se esse aspeto 
com base num estudo publicado por Cheng 
et al. neste número intitulado “Exposição 
combinada a formaldeído ambiente e altas 
temperaturas e admissões por doenças res-
piratórias em crianças: um estudo de séries 
temporais em várias cidades”.4

A expansão das tecnologias de monito-
rização ambiental fornece dados de tem-
peratura e poluição com elevada resolução 
espacial e temporal e cobertura global, o 
que facilita a investigação dos impactos 
na saúde de múltiplas coexposições a tem-
peratura e poluição.2 No entanto, a riqueza 
desses dados também apresenta desafios 
metodológicos: quando a exposição pode 
ser quantificada em várias dimensões, 
os investigadores devem considerar cui-
dadosamente quais métricas escolher para 
responder a hipóteses específicas sobre os 
mecanismos biológicos subjacentes ao efei-
to de interação.

No estudo discutido, os autores aplicaram 
a abordagem de risco relativo por interação 
para examinar possíveis interações entre 
exposição a altas temperaturas e formal-
deído (HCHO), um poluente raramente 
considerado em estudos de poluição atmos-
férica. Cheng et al. analisaram 12 cenários 

de exposição, combinando quatro variações 
de intensidade e três variações de sequência 
temporal. A única situação com interação 
estatisticamente significativa foi aquela em 
que um período de ≥48 horas com tem-
peraturas acima do percentil 95 precedeu, 
mas não coincidiu com, um período de ≥24 
horas com HCHO acima do percentil 90. 
Não foram observados riscos de interação 
em períodos com temperaturas mais bai-
xas, concentrações menores de HCHO ou 
outras sequências temporais. Embora esta 
observação possa sugerir um possível efeito 
de sensibilização da temperatura elevada 
na suscetibilidade à morbilidade respira-
tória relacionada com HCHO, as métricas 
utilizadas não foram escolhidas especifica-
mente para investigar esse mecanismo, que 
merece estudo adicional noutras popula-
ções.

Outros estudos recentes também demons- 
traram que a escolha da métrica de tempe-
ratura (por exemplo, temperatura horária, 
média diária ou medidas de variabilidade 
térmica) afeta a magnitude dos efeitos esti-
mados, e que considerar a variação horária 
pode capturar efeitos cardiovasculares que 
as médias diárias não conseguem. Os au-
tores destacam a necessidade de selecionar 
métricas específicas para cada hipótese tes-
tada.5 6

Outro aspeto crítico dos efeitos sinérgicos 
da coexposição é que as variáveis climáticas 
não são independentes. Temperatura, hu-
midade relativa e velocidade do vento apre-
sentam covariância temporal significativa, 
influenciando tanto o clima como a quali-
dade do ar. Por exemplo, inversões térmicas 
sazonais e condições de ar estagnado no in-
verno podem aprisionar poluentes, levando 
a concentrações mais elevadas de partícu-
las finas (PM2.5) e dióxido de azoto,7 8 en-
quanto a elevada humidade e temperatura 
podem intensificar a formação de poluentes 
secundários como ozono e PM2.5 através de 
reações fotoquímicas.9 Devido a essas con-
exões mecanísticas, a possibilidade de fa-
tores de confusão deve ser cuidadosamente 
considerada, e a escolha das métricas para 
resumir essas variáveis também exige aten-
ção rigorosa.

Embora os autores tenham controlado 
as concentrações médias diárias de PM2.5, 
não conseguiram incluir a composição das 
partículas, os extremos diários ou as con-
centrações de alguns precursores de PM. 
Como a covariância entre parâmetros me-
teorológicos e poluição varia significativa-
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mente entre zonas climáticas, é útil exami-
nar questões de interação em várias regiões 
geográficas.

A observação de que os efeitos na saúde 
de poluentes como o HCHO são amplifi-
cados após períodos de altas temperaturas 
pode ajudar a informar sistemas de alerta 
de risco, mesmo sem um conhecimento 
completo dos mecanismos fisiológicos sub-
jacentes. No entanto, uma compreensão bi-
ológica mais profunda dos efeitos de intera-
ção entre calor e poluição atmosférica pode 
melhorar as intervenções — especialmente 
à luz do aumento dos eventos extremos de 
temperatura e poluição associados às altera-
ções climáticas.
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RESUMO
Objetivo: Obter consenso prioritário sobre medidas de 
resultado no tratamento com corticosteroides orais para 
sibilância em idade pré-escolar, representando os grupos 
de interesse.
Desenho: (1) Revisão sistemática para identificar medi-
das de resultado; (2) Inquérito internacional com profis-
sionais de saúde e reunião nominal com pais; (3) Reunião 
final de consenso com investigadores clínicos, médicos de 
urgência pediátrica e o mesmo grupo de pais.
Principais medidas dos resultado: Prioridade con-
sensual das medidas de tratamento, diferenças mínimas 
clinicamente importantes (MCIDs) e nível de preocupação 
com efeitos adversos. 
Resultados: Após processo interativo com profissionais de 
saúde e pais, o consenso final sobre o desfecho primário 
foi o Índice de Gravidade da Sibilância (WSS). Os desfe-
chos secundários priorizados foram: nova visita ao médico 
ou urgência, reinternamento, duração da hospitalização, 
tempo até retorno ao normal, número de doses de beta-
agonistas de curta duração e necessidade de novo curso de 
corticosteroides. Comparado com placebo, os clínicos con-
sideraram como MCID mediana uma mudança de 40% no 
WSS às 4 horas e 50% às 12 horas; 5 horas para duração 
da hospitalização e 2 dias para retorno ao normal. Os pais 
identificaram MCIDs frequentemente superiores aos efeitos 
fisiológicos observados nos ensaios. A maior preocupação 
foi com múltiplas doses de corticosteroides.
Conclusões: Os participantes priorizaram a mudança 
no WSS como principal medida de resultado. O estudo 
demonstrou o potencial do envolvimento de pais e doen-
tes na co-criação de desfechos clínicos. Incorporar esses 
resultados em futuros ensaios clínicos permitirá uma ava-
liação mais holística do impacto do tratamento, garan-
tindo desfechos relevantes.

INTRODUCTION 
Short courses of oral corticosteroids (OCS) are 
commonly used to treat acute severe wheeze in  
children aged 12–71 months (preschool wheeze, 
aPSW). In recent decades, several clinical tri-
als have assessed the efficacy of OCS for this age 
group, but evidence has been inconsistent.1–4

Currently, outcome measures and endpoints 
for treatment with OCS for preschool wheeze 
vary across the trials, limiting the ability of evi-
dence synthesis that could inform guidelines. A 
systematic review including 10 studies in 2016 
was able to use fewer than five studies for each 
outcome measure, reducing the power of overall 
evidence.5

Additionally, it has been unclear whether clini-
cally relevant outcome measures are meaningful 
to patients or caregivers/parents. Parents may 
offer valuable perspectives that may be different 
from those prioritised by clinicians or healthcare 

systems.6 Co-creation provides synergistic value 
to research outputs. Deriving outcome measures 
that are meaningful to both patients and clini-
cians would be the first step towards developing 
treatment priorities for research, informing fu-
ture clinical studies and facilitating meta-analysis 
of clinical trials. We identified no publications 
on consensus outcomes for OCS use in aPSW. 
Therefore, through stakeholders’ involvement, we 
aimed to derive consensus for the priority of out-
come measures when OCS are used to treat aPSW 
in clinical trials.

METHODS
This three-stage study aimed (1) to identify the 
range of outcome measurements used in ran-
domised clinical trials through a systematic re-
view (stage 1); (2) to identify (a) the priority of 
outcome measures of each stakeholder group 
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Key messages

What is know about this topic
uAcute wheezing episodes are very com-

mon for preschoolers, that is, aged 12–71 
months, and oral corticosteroids (OCS) 
are widely used.

u Evidence on the efficacy of OCS is incon-
sistent, and trials used different outcomes
to assess the efficacy of OCS as a treat-
ment for preschool wheeze.

u There is no consensus on outcome mea-
sures of OCS treatment.

What this study ads
uThis study co-created consensus outcome 

measures for OCS treatment agreed on 
by healthcare professionals and parents 
of children who have lived experience of 
acute preschool wheeze.

u Healthcare professionals and parents prio-
ritised change in Wheezing Severity Score
as the most favourable outcome measure.

How this study might affect rese-
arch practice or policy

uOur study demonstrated that parent/
patient engagement is key to ensuring 
relevant patient research outcomes.

u Our findings can be used in the design of
future clinical studies to provide a more
holistic assessment of the impact of tre-
atment.
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(healthcare professional (HCP) group and parent group), (b) the 
minimal clinically important difference (MCID) of each outcome 
measure and (c) perspectives on adverse events (AEs) (stage 2); 
and (3) to determine final prioritisation of outcome measures 
(stage 3) (figure 1).

In stage 1, systematic searches for trials, published between 1994 
and 2020, examining the efficacy of OCS for aPSW were performed 
in eight databases and clinical trials, along with grey literature and 
citation screening (online supplemental document p1). Details of 
the search strategy are published elsewhere as part of a systematic 
review and individual patient meta-analysis of randomised clinical 
trials of OCS for aPSW.7 We identified a preliminary list comprised 
of outcome measures reported ≥2 across the included trials. Simi-
lar outcome measures were grouped into one to simplify the list. 
The final set of outcome measures was selected for the next stages 
(online supplemental table 1).

In stages 2 and 3, a hypothetical scenario was provided to 
help participants understand the background for OCS prescrip-
tion and standardise various situations where preschool children 
with acute wheezing episodes present to a hospital and might be 
considered for, or receive, OCS (online supplemental table 2). 
A nominal group technique (NGT) was employed in all group  
meetings. Meetings were held online for 1 hour, involving a two-
round voting system using mentimeter.8 Details for the NGT pro-
cess are described in online supplemental figure 1. 

In stage 2, HCPs and then parents were invited to participate 
separately and sequentially. We used both convenience and snow-
ball sampling methods to identify potential participants.

International HCP survey 
An online single survey was delivered via the Qualtrics platform9 
from 12 January 2022 to 7 March 2022. Any board-certified clini-
cians who prescribe OCS for acute preschool wheeze were invited 
regardless of nationalities, hospital settings, specialities or years of 
work experience. They were identified through mailing lists of na-
tional or international networks of our research team, including 
the international membership of the European Respiratory Soci-
ety; the UK Royal College of Paediatrics and Child Health; Asthma 
UK Centre for Applied Research; Paediatric Emergency Research 
UK and Ireland; General and Adolescent Paediatric Research in 
UK and Ireland; and local hospital networks.

Parents-only NGT meeting 
Parents were identified through the study advertisement in local 
communities, personal invitations in clinics and flyers in waiting 
rooms in the Royal Hospital for Children and Young People in  
Edinburgh, UK.

Parents who had lived experience of their children receiving 
OCS for the treatment of one or more acute wheezing episodes 
when they are/were 12 to 71 months of age were invited to an in-
teractive online meeting convened via Zoom on a single occasion.

Both groups were asked to answer questions in three sections 
(online supplemental table 3). The first section asked to rank the 
outcome measures derived from stage 1 in order of importance 
based on their experience. The second section asked to demarcate 
an MCID for several outcome measures compared with a placebo. 
In the final section, 5-point Likert scale questions were used to 
express different levels of concern for potential AEs (1=not-at-all 
to 5=extremely). A list of AEs was based on the medication patient 
information leaflet10 and a recent systematic review.11 We added 
‘multiple uses of OCS due to recurrent wheeze’ to encompass 
longer-term AEs associated with repeated treatment. For parents, 
questions for MCID and AEs were slightly modified to support 
focused engagement, asking MCIDs only for the top three priori-
ty outcome measures selected from the HCP survey (for this rea-
son, the meeting with parents was subsequent to the online survey 
completion), three most concerning AEs for the short-term OCS 
course and their perception of the longer-term risks/AEs associ-
ated with multiple OCS courses.

In stage 3, we invited the same parents from stage 2 and ‘key 
HCPs’ to a consensus meeting. We used a convenience sam-
pling method and invited key HCPs who agreed to participate 
in the study. These key HCPs included the chief investigators 
of the clinical trials identified from the systematic review, who 
conducted trials in the UK, USA, Australia and Finland. To in-
crease input from paediatric emergency medicine where OCS 
for children are most frequently prescribed in a hospital setting, 
we invited a clinician who agreed to participate and contribute 
to this study. 

All analyses were done using R (V.4.2.2). Descriptive analyses 
were performed to explore and characterise the survey and group 
meeting results. The average ranking for each outcome measure 
was calculated by applying weights in reverse for a ranking ques-
tion. For the Likert scale questions, a total score for each item was 
calculated and compared. Qualitative contents during the dis-
cussion in stage 3 were obtained to summarise key arguments of 
stakeholders.

RESULTS
Stage 1: a set of outcome measures from literature 
After the screening, 11 trials were retained1–4 12–18 and seven out-
come measures were identified: length of hospital stay (LOS), 
change in Wheezing Severity Score (WSS—we used this term to 
encompass the various symptom scoring systems employed across 
the studies7), time back to normal, doses of short-acting beta-
agonists (SABA), rehospitalisation, revisit to general practice 
(GP)/emergency department (ED) and additional steroid course. 
The frequency of the outcome measures is summarised in online 
supplemental figure 2.
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Stage 2: (a) priority of outcome measures 
Analysis generated four themes: (1) pathway to diagnosis, (2) 
medication management, (3) living with PSW and (4) improving 
PSW healthcare. Illustrative quotations are presented in table 3. 

Stage 2: (a) priority of outcome measures
In total, 253 HCPs from 44 countries consented to participate in 
the survey, of which 231 responses were obtained, including 182 
completed responses (table 1). Respondents were most promi-
nently from the UK (93, 40.3%) and non-UK European countries 
(84, 36.4%). Specialist respiratory paediatricians/pulmonologists 
accounted for most responses (117, 50.6%). No difference was 
found in participant characteristics between incomplete and 
complete responses.

Ten parents participated in the interactive meeting, with one 
parent per household. Characteristics of their children are sum-
marised in online supplemental table 4.

Figure 2 summarises the priority results for outcome measures 
from each group. According to 231 HCPs (231/253, 91.3%), the 
highest rank was LOS, followed by ‘Change in WSS’ and ‘Time 
back to normal’. In contrast, the parent group (n=10) assigned 
the highest rank to ‘Change in WSS’, followed by ‘Rehospitalisa-
tion’ and ‘Time back to normal’. LOS remained among the bot-
tom three outcomes.

Stage 2: (b) minimal clinically important difference
The MCIDs reported by each stakeholder group were summa-
rised (online supplemental table 5). For HCPs, the MCID for LOS 
was a median of 5.0 hours (IQR 4.0–6.0 hours) compared with 
the non-treatment group. For the change in WSS, the MCIDs 
were a median reduction of 40.0% (IQR 29.0–51.0%) and 50.0% 
(IQR 37.0–62.5%) at 4 and 12 hours, respectively. However, par-
ents perceived 6.5 hours (IQR 5.3–8.0 hours) as a median MCID 
for LOS and median 88.5% (IQR 78.3–100.0%) and 80.5% (IQR 
76.3–92.8%) reduction at 4 and 12 hours for the change in WSS.

Stage 2: (c) level of concern about AEs
Among AEs, those associated with the most clinical concern 
(very or extremely concerned) was ‘Multiple steroid use’ (60.2%) 
(figure 3, online supplemental table 6). When parents were asked 
about the most concerning short-term AEs, the majority selected 
multiple steroid use and their associated AEs (8/10, 80.0%) and 
vomiting (4/10, 40.0%) (online supplemental table 7).

Stage 3: consensus outcome measures 
In stage 3, seven key HCPs and nine of the 10 same parents par-
ticipated in the NGT group meeting. After two votes and discus-
sion, ‘Change in WSS’ was agreed as a consensus primary out-
come measure (figure 4).

Change in rankings of outcome measures between the first and 
the second vote is summarised in online supplemental table 8. 
During the discussion, clinical study investigators initially gave 
the highest rank to LOS. However, conflicting opinions were ex-
pressed regarding LOS. Some clinicians commented that LOS 
was most clinically relevant and would allow families to go home 
sooner. Furthermore, a shorter LOS may be an indicator of how 
fast OCS attenuates the duration of symptoms, with reducing LOS 
a priority in clinical practice to ensure patients are discharged 
from the hospital without unnecessary delay. Others argued that 
LOS may be an unreliable measure as it is affected by additional 
factors such as the hospital organisation, timing of clinical review 
or social factors relating to transport home. Parents expressed a 
perspective that once in the hospital, life had been disrupted and 
their wish was to see their child’s wheeze improve to a more sta-
ble position more quickly. The discussion coalesced around the 
observation that the parent perspective (more rapid reduction in 
WSS) could be consistent with the clinician perspective (reduc-
tion in LOS), but because of the additional factors determining 
LOS the converse may not necessarily be true. For this reason, 
the group consensus was a preference to have measurable tools 
of disease severity, such as Paediatric Respiratory Assessment 

Measure (PRAM), as they could be more robust in assessing the 
efficacy of the treatment for resolving symptomatology.

Readmission to the hospital and revisit to GP/ED were con-
sidered almost equally important tools to measure the preventa-
tive effects of OCS. Some remarked that these two are critical for 
families because revisiting hospitals or GPs can be a distressing 
and disruptive event for them. The majority did not agree that ad-
ditional steroid course and doses of SABA could be considered a 
reliable outcome measurement given the infrequent need for ad-
ditional steroids and high variance in practice for the use of SABA 
post-discharge.

DISCUSSION 
This is the first study using co-creation to identify consensus out-
come measures of OCS treatment for aPSW by examining the key 
stakeholders’ perspectives. The priority of outcome measures for 
OCS treatment on aPSW was different between clinical trials and 
between the HCPs and the parent group. The HCPs and parents 
agreed on ‘change in WSS’ as a key outcome measure. There was 
also a consensus for focus on potential medium-term impacts on 
airway inflammation from OCS, that is, revisit to GP/ED and re-
hospitalisation. Greater reductions in LOS and WSS were meanin-
gful for parents compared with HCPs. Regarding AEs, concerns 
about multiple steroid use and potential longer-term AE were 
most prevalent. Our findings demonstrated the potential of par-
ent/patient engagement in delivering research outcomes relevant 
to parents. These results should be incorporated into the design 
of future clinical trials of OCS in aPSW and also quality improve-
ment. 

Although our stakeholders prioritised WSS as the most de-
sired outcome measure, relatively few studies currently use sco- 
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ring tools. Within our systematic review, those studies measur-
ing WSS at presentation, frequently used different scoring tools 
in which the measuring components and scales were inconsis- 
tent (online supplemental table 9). The PRAM tool was popular 
and validated for preschoolers.19 20 However, it is not perfect for 
evaluating dyspnoea21 and other aspects (eg, mental status or ap-
pearance).22 Also, there is no agreement on the timing to predict 
hospitalisation or home discharge using the PRAM.23 24

Furthermore, many scoring tools, including PRAM, have not 
been validated for use across various settings, leading to chal-
lenges in their integration into clinical care and infrequent use 
in the ED.25 We did not investigate underlying difficulties in us-
ing WSS in clinical practice, so research evaluating scoring tools 
capable of overcoming obstacles in use and demonstrating good 
validity in preschool children should be continued. A study to 
compare and optimise clinical scoring tools for children with 
acute wheeze is underway.26

We obtained MCIDs for each outcome measure; however, 
achieving agreement between HCPs and parents was not possi-
ble. Parents selected a much higher potential impact of OCS on 
MCID for WSS that was considerably beyond that observed in 
clinical trials of OCS in asthma (even in older children). Hel-
ping to provide context to parents without introducing bias was 
a challenge within MCID research. Extreme scores from patients 
can result from previous experience rather than the potential 
impact from a therapeutic intervention.27 Although parents were 
provided with data to inform their initial decision, we recog-
nised that it may not have been sufficient to provide perspective. 
When baseline changes observed with placebo treatment were 
subsequently provided, we observed adjustments in expectations 
closer to that of clinicians who would have a wider experience of 

potential placebo effects (online supplemental table 10). We did 
not investigate the consensus MCIDs between the stakeholders 
in the final stage as time was limited.

Despite a high level of concerns about AEs associated with 
multiple courses of OCS treatment, none of the included studies 
examined this AE. One cross-sectional study involving children 
aged 2–17 years found no cases of bone metabolism or adrenal 
suppression with frequent short courses of OCS.28 A small body 
of evidence also suggests that short-term use of OCS (<14 days) is 
unlikely to cause long-term AEs or serious AEs, such as immune 
suppression or suppression of the hypothalamic-pituitary- adre-
nal axis.29 30 Bone mineralisation or osteopenia were observed in 
few studies,31 but a small body of evidence found no associations 
with growth or adrenal suppression by multiple OCS courses.28,32 
Longitudinal data to assess the safety of frequent OCS use for 
recurrent wheezing episodes will still be required.

Strengths and limitations 
Our study is the co-created delivery of outcomes related to OCS 
treatment for aPSW by HCPs and parents with lived experience. 
Using an international survey allowed us to gather HCPs’ per-
spectives from diverse healthcare settings. Moreover, the success-
ful adoption of the NGT facilitated the efficient attainment of a 
consensus outcome while ensuring a balanced power distribu-
tion among stakeholders, thereby enhancing the scientific rigour 
of the study. Our findings represent the first step in mitigating 
the heterogeneities observed in the published literature and can 
guide future studies on this subject.

The participation rate of the online survey was biased towards 
the UK and Europe, potentially undermining the applicabi- 
lity of our findings in non-native English-speaking countries or 
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non-EU countries. General practitioners and ED physicians are 
more likely to consider prescribing OCS for preschool wheeze; 
however, most of the respondents were specialist respiratory 
paediatricians. Therefore, our findings may not fully apply to all 
settings. Further research to incorporate input from diverse re-
gions/countries as well as from more general practitioners and 
ED physicians would be needed.

Additionally, MCIDs for severity symptoms from parents 
were not free from potential bias. As we did not want to over-
whelm parents by explaining wheezing severity tools or current 
evidence, it was challenging to explain to parents the context in 
which MCIDs should be considered without overtly influencing 
their viewpoints. Future research should consider how best to 
provide informative context while minimising the unintended 
risk of bias.

CONCLUSIONS
In conclusion, we co-created consensus outcome measures for 
OCS treatment agreed on by HCPs and parents of children who 
have lived experience of aPSW. We found that change in WSS was 
the most favoured outcome measure. The engagement of parents/
patients in this study demonstrated the potential to produce con-
joint research that is of high relevance to parents/families.
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OVERVIEW 
This is a summary of the recommendations of the 
joint guideline on Asthma: diagnosis, monitoring 
and chronic asthma management, which was pu-
blished in November 2024. This new collaborative 
guideline was developed jointly by the British Tho-
racic Society (BTS), National Institute for Health 
and Care Excellence (NICE) and Scottish Intercol-
legiate Guidelines Network (SIGN).

The guideline covers diagnosing, monitoring 
and managing asthma in adults, young people 
and children. It aims to improve the accuracy of 
diagnosis, help people to control their asthma and 
reduce the risk of asthma attacks. It does not cover 
managing severe asthma or acute asthma attacks.

The recommendations in this guideline represent 
the view of BTS, NICE and SIGN, arrived at after 
careful consideration of the evidence available.

Last reviewed: November 2024
It updates and replaces NICE guideline 80 (pu-

blished November 2017) and parts of BTS/SIGN 
British guideline SIGN 158 (published July 2019).

Next review: This guidance will be reviewed if 
there is new evidence that is likely to change the 
recommendations.

BTS, NICE and SIGN have developed an asthma 
pathway, which brings together recommendations 
on diagnosing, monitoring and managing asthma 
in adults, young people and children. It aims to 
improve the accuracy of diagnosis, help people to 
control their asthma and reduce the risk of asthma 
attacks. It also covers managing difficult and severe 
asthma and acute asthma attacks. The pathway can 
be linked via Health Improvement Scotland’s Right 
Decision Service here, or via the NICE website here.

Who is it for? 
→ Healthcare professionals in primary care and

the community secondary care and tertiary
asthma services

→ Commissioners and providers
→ People with suspected or diagnosed asthma,

their families and carers

RECOMMENDATIONS
Initial clinical assessment
Clinical history
Obtain a structured clinical history in people with 
suspected asthma. Specifically, check for:
→ reported wheeze, noisy breathing, cough, breath-

lessness or chest tightness, and any variation (for
example, worse during the night or early morning,
or seasonal) in these symptoms

→ any triggers that make symptoms worse

Guideline conjunta BTS/NICE/SIGN sobre asma: 
diagnóstico, monitorização e gestão da asma crónica 
(novembro de 2024) – resumo das recomendações
British Thoracic Society (BTS), National Institute for Health and Care Excellence (NICE),
Scottish Intercollegiate Guidelines Network (SIGN)

To cite: Thorax
2025;80:416–424.

© Author(s) (or their 
employer(s)) 2025. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

►► Additional supplemental 
Correspondence to 
British Thoracic Society (BTS), 
National Institute for Health 
and Care Excellence (NICE), 
Scottish Intercollegiate 
Guidelines Network (SIGN); 
asthmaenquiries@nice.org.uk

→ a personal or family history of asthma or allergic
rhinitis

→ symptoms to suggest alternative diagnoses (see
the tables on alternative diagnoses in wheezy chil-
drenandalternative diagnoses in adults in the BTS/
SIGN British guideline on the management of
asthma SIGN 158.) [NICE 2017, BTS/SIGN 2019,
amended BTS/NICE/SIGN 2024]
Do not confirm a diagnosis of asthma without a sug-

gestive clinical history and a supporting objective test. 
Code as suspected asthma until the diagnosis is con-
firmed. [NICE 2017, amended BTS/NICE/SIGN 2024]

If the diagnosis of asthma is confirmed, record the 
basis for this in the person’s medical records, along-
side the coded diagnostic entry. [NICE 2017, amen-
ded BTS/NICE/SIGN 2024]

Physical examination
Examine people with suspected asthma to identify 
expiratory polyphonic wheeze and signs of other 
causes of respiratory symptoms but be aware that 
even if examination results are normal, the person 
may still have asthma. [NICE 2017]

Initial treatment and objective tests for acute
symptoms at presentation
Treat people immediately if they are acutely unwell 
or highly symptomatic at presentation, and perform 
objective tests that may help support a diagnosis of 
asthma (for example, eosinophil count, fractional 
exhaled nitric oxide (FeNO), spirometry or peak 
expiratory flow (PEF) before and after bronchodila-
tor) if the equipment is available. [NICE 2017, amen-
ded BTS/NICE/SIGN 2024]

If objective tests for asthma cannot be done imme-
diately for people who are acutely unwell or highly 
symptomatic at presentation, carry them out when 
acute symptoms have been controlled, and advise 
people to contact their healthcare professional 
immediately if they become unwell while waiting 
to have objective tests. [NICE 2017, amended BTS/
NICE/SIGN 2024]

Be aware that the results of spirometry and FeNO 
tests may be affected in people who have been 
treated with inhaled corticosteroids (the test results 
are more likely to be normal). [NICE 2017]

Objective tests for diagnosing asthma in adults, 
young people and children aged 5 to 16 with a 
history suggestive of asthma
Adults
See also algorithm A for a summary of objective tests 
for diagnosing asthma in adults and young people 
(aged over 16 years) with a history suggesting asthma.

►► https://doi.org/10.1136/
thorax-2025-223056
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Diagnosing asthma in children under 5
Diagnosis is hard in this age group because it is difficult to do the 
tests and there are no good reference standards.

For children under five with suspected asthma, treat with inhaled 
corticosteroids in line with the recommendations on medicines for 
initial management in children under 5, and review the child on a 
regular basis. If they still have symptoms when they reach 5 years, 
attempt objective tests (see the section on objective tests for diag-
nosing asthma in adults, young people and children aged 5 to 16). 
[NICE 2017]

If a child is unable to perform objective tests when they are
aged 5:
→ try doing the tests again every 6 to 12 months until satisfactory

results are obtained
→ refer for specialist assessment if the child’s asthma is not respon-

ding to treatment. [NICE 2017, BTS/SIGN 2019, amended BTS/
NICE/SIGN 2024]
Refer to a specialist respiratory paediatrician any preschool child

with an admission to hospital, or two or more admissions to an 
emergency department, with wheeze in a 12 month period. [BTS/
NICE/SIGN 2024]

Diagnosing occupational asthma
See the BTS clinical statement on occupational asthma.

In people with adult-onset asthma, poorly controlled established 
asthma, or reappearance of childhood asthma, check for a possible 
occupational component by asking:
→ Are symptoms the same, better or worse on days away from work?
→ Are symptoms the same, better or worse when on holiday (time

away from work, longer than usual breaks, at weekends or betwe-
en shifts)? Make sure all answers are recorded for later review.
[NICE 2017, BTS/SIGN 2019, amended BTS/NICE/SIGN 2024]
Refer people with suspected occupational asthma to an occupa-

tional asthma specialist. [NICE 2017] 

Monitoring asthma control
Monitor asthma control at every review. In addition to asking about 
symptoms, check:
→ time off work or school due to asthma
→ amount of reliever inhaler used, including a check of the pres-

cription record
→ number of courses of oral corticosteroids
→ any admissions to hospital or attendance at an emergency de-

partment due to asthma. If control is suboptimal, see the section
on principles of pharmacological treatment. [BTS/NICE/SIGN
2024]
Consider using a validated symptom questionnaire (for example,

the Asthma Control Questionnaire, the Asthma Control Test or the 
Childhood Asthma Control Test) at any asthma review. [BTS/NICE/
SIGN 2024]

Do not use regular peak expiratory flow (PEF) monitoring to 
assess asthma control unless there are person-specific reasons for 
doing so (for example, when PEF measurement is part of the perso-
nalised asthma action plan). [BTS/NICE/SIGN 2024]

Consider fractional exhaled nitric oxide (FeNO) monitoring for 
adults with asthma:
→ at their regular review, and
→ before and after changing their asthma therapy. [BTS/NICE/

SIGN 2024]
For a short explanation of why the committee made these recom-
mendations and how they might affect practice, see the rationale
and impact section on monitoring asthma control.
Full details of the evidence and the committee’s discussion are in:

→ evidence review L: symptom diary for monitoring asthma
→ evidence review M: pulmonary function monitoring in asthma
→ evidence review N: FeNO measures to monitor asthma.

Principles of pharmacological treatment
Licensed indications for asthma inhalers vary between different me-
dicines, different doses and different devices. Not all asthma inhalers 
are licensed for use in line with the recommendations in this gui-

Measure the blood eosinophil count or fractional exhaled nitric 
oxide (FeNO) level in adults with a history suggestive of asthma. 
Diagnose asthma if the eosinophil count is above the laboratory 
reference range or the FeNO level is 50 ppb or more.  [BTS/NICE/
SIGN 2024] 

If asthma is not confirmed by eosinophil count or FeNO level, 
measure bronchodilator reversibility (BDR) with spirometry. 
Diagnose asthma if the FEV1 increase is 12% or more and 200 mL 
or more from the pre-bronchodilator measurement (or if the FEV1 
increase is 10% or more of the predicted normal FEV1). [BTS/NICE/
SIGN 2024] If spirometry is not available or it is delayed, measure 
peak expiratory flow (PEF) twice daily for 2 weeks. Diagnose asthma 
if PEF variability (expressed as amplitude percentage mean) is 20% 
or more. [BTS/NICE/SIGN 2024]

If asthma is not confirmed by eosinophil count, FeNO, BDR or 
PEF variability but still suspected on clinical grounds, refer for con-
sideration of a bronchial challenge test. Diagnose asthma if bronchial 
hyper-responsiveness is present. [BTS/NICE/SIGN 2024]

Children aged 5 to 16
See also algorithm B for a summary of objective tests for diagnosing 
asthma in children aged 5 to 16 with a history suggesting asthma.

Measure the FeNO level in children with a history suggestive of 
asthma. Diagnose asthma if the FeNO level is 35 ppb or more. [BTS/
NICE/SIGN 2024]

If the FeNO level is not raised, or if FeNO testing is not available, 
measure BDR with spirometry. Diagnose asthma if the FEV1 incre-
ase is 12% or more from baseline (or if the FEV1 increase is 10% or 
more of the predicted normal FEV1). [BTS/NICE/SIGN 2024]

If spirometry is not available or it is delayed, measure PEF twi-
ce daily for 2 weeks. Diagnose asthma if PEF variability (expressed 
as amplitude percentage mean) is 20% or more. [BTS/NICE/SIGN 
2024]

If asthma is not confirmed by FeNO, BDR or PEF variability but 
still suspected on clinical grounds, either perform skin prick testing 
to house dust mite or measure total IgE level and blood eosinophil 
count.
→ Exclude asthma if there is no evidence of sensitisation to house

dust mite on skin prick testing or if the total serum IgE is not
raised.

→ Diagnose asthma if there is evidence of sensitisation or a raised
total IgE level and the eosinophil count is more than 0.5×109 per
litre. [BTS/NICE/SIGN 2024]
If there is still doubt about the diagnosis, refer to a paediatric spe-

cialist for a second opinion, including consideration of a bronchial 
challenge test. [BTS/NICE/SIGN 2024] 

For a short explanation of why the committee made these recom-
mendations and how they might affect practice, see the rationa-
le and impact section on objective tests for diagnosing asthma in 
adults, young people and children aged 5 to 16 with a history sug-
gestive of asthma. 

Full details of the evidence and the committee’s discussion are in:
→ evidence review A: diagnostic test accuracy of spirometry in

people suspected of asthma
→ evidence review B: diagnostic test accuracy for bronchodilator

reversibility in people suspected of asthma
→ evidence review C: diagnostic test accuracy of peak expiratory

flow variability for the diagnosis of asthma
→ evidence review D: accuracy of skin prick test in children for the

diagnosis of asthma
→ evidence review E: diagnostic test accuracy of IgE in children
→ evidence review F: diagnostic accuracy of fractional exhaled ni-

tric oxide (FeNO) measures
→ evidence review G: diagnostic accuracy of eosinophil blood

count measures in the diagnosis of asthma
→ evidence review H: bronchial challenge with histamine and me-

thacholine for the diagnosis of asthma
→ evidence review I: bronchial challenge test with mannitol
→ evidence review J: bronchial challenge testing in response to

exercise for the diagnosis of asthma
→ evidence review K: diagnostic accuracy of combination of tests.
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deline. See NICE’s information on prescribing medicines or SIGN’s 
information on prescribing licensed medicines out with their ma-
rketing authorisation and refer to the summary of product characte-
ristics for individual products.

Take into account and try to address the possible reasons for un-
controlled asthma before starting or adjusting medicines for asthma 
in adults, young people and children. These may include:
→ alternative diagnoses or comorbidities
→ suboptimal adherence (see the recommendation on adherence)
→ suboptimal inhaler technique
→ smoking (active or passive), including vaping using e-cigarettes
→ occupational exposures (see the recommendation on checking

for possible occupational asthma).
→ psychosocial factors (for example, anxiety and depression, rela-

tionships and social networks)
→ seasonal factors
→ environmental factors (for example, air pollution, indoor mould expo-

sure). [NICE 2017, BTS/SIGN 2019, amended BTS/NICE/SIGN 2024]
If possible, check the fractional exhaled nitric oxide (FeNO) level

when asthma is uncontrolled. If it is raised this may indicate poor 
adherence to treatment or the need for an increased dose of inhaled 
corticosteroid (ICS). [BTS/NICE/SIGN 2024]

Do not prescribe short-acting beta2 agonists to people of any age 
with asthma without a concomitant prescription of an ICS. [BTS/
NICE/SIGN 2024]

After starting or adjusting medicines for asthma, review the response 
to treatment in 8 to 12 weeks (see the recommendations on monitoring 
asthma control). [NICE 2017, amended BTS/NICE/SIGN 2024]

For a short explanation of why the committee made these 2024 
recommendations and how they might affect practice, see the ratio-
nale and impact section on principles of pharmacological treatment.

Full details of the evidence and the committee’s discussion are in 
evidence review P: drug classes for initial asthma management.

Inhalers
Base the choice of inhaler(s) for asthma on:
→ an assessment of correct technique
→ the preference of the person receiving the treatment
→ the lowest environmental impact among suitable devices
→ the presence of an integral dose counter. A spacer should usually

be prescribed for use with a metered dose inhaler, particularly in
children. See the patient decision aid on asthma inhalers and cli-
mate change. [BTS/SIGN 2019, amended BTS/NICE/SIGN 2024]
Give people with asthma information on their inhaler treatments.

This should include the medicines they contain, how they work, 
when they should be taken and the correct technique to use for each 
device. [BTS/SIGN 2019, amended BTS/NICE/SIGN 2024]

Observe the person using their inhaler device (and spacer if used) 
to check they can use it properly:
→ at every asthma review, either routine or unscheduled
→ at every asthma-related consultation
→ when there is deterioration in asthma control
→ when the inhaler device is changed
→ when the person asks for it to be checked or changed. If the per-

son is assessed as being unable to use a device properly, find an
alternative. [NICE 2017, BTS/SIGN 2019, amended BTS/NICE/
SIGN 2024]
If possible, prescribe the same type of device to deliver preven-

ter and reliever treatments where more than one inhaler is needed. 
Consider providing an additional metered dose short-acting beta2 
agonist (SABA) inhaler plus spacer for emergency use for children 
under 12 years who may be unable to activate a dry powder inha-
ler during an acute asthma attack. [BTS/SIGN 2019, amended BTS/
NICE/SIGN 2024]

Encourage people to take their used or expired inhalers to their 
pharmacy for disposal. [BTS/SIGN 2019]

Digital Inhalers
Digital inhalers are not recommended for routine use in people with 
asthma. [BTS/NICE/SIGN 2024] 

For a short explanation of why the committee made this 2024 re-
commendation and how it might affect practice, see the rationale 
and impact section on digital inhalers.

Full details of the evidence and the committee’s discussion are in 
evidence review R: smart inhalers.

Pharmacological management in people aged 12 and over
See also algorithm C for a summary of the pharmacological mana-
gement of asthma in people aged 12 years and over.  

Initial management of newly diagnosed asthma in people 
aged 12 and over
Offer a low-dose inhaled corticosteroid (ICS)/formoterol combina-
tion inhaler to be taken as needed for symptom relief (as-needed 
AIR therapy) to people aged 12 and over with newly diagnosed as-
thma. [BTS/NICE/SIGN 2024]

In November 2024, only certain budesonide/formoterol inhalers 
were licensed for as-needed AIR therapy in mild asthma. The use 
of any other ICS/formoterol inhalers would therefore be off-label. 
The current evidence supporting the use of budesonide/formoterol 
is based on the use of a dry powder inhaler. See NICE’s information 
on prescribing medicines or SIGN’s information on prescribing li-
censed medicines out with their marketing authorisation.

If the person needing asthma treatment presents highly symp-
tomatic (for example, regular nocturnal waking) or with a severe 
exacerbation, start treatment with low-dose MART (maintenance 
and reliever therapy) in addition to treating the acute symptoms as 
indicated (that is, a course of oral corticosteroids may be needed). 
Consider stepping down to as-needed AIR therapy using a low-dose 
ICS/formoterol inhaler at a later date if their asthma is controlled. 
[BTS/NICE/SIGN 2024]

For a short explanation of why the committee made these recom-
mendations and how they might affect practice, see the rationa-
le and impact section on medicines for the initial management of 
newly diagnosed asthma in people aged 12 and over.

Full details of the evidence and the committee’s discussion are in 
evidence review P: drug classes for initial asthma management.

For guidance on dose ranges of inhaled corticosteroids see inhaled 
corticosteroid doses for the BTS, NICE and SIGN asthma guideline.

Offer low-dose MART to people aged 12 and over with asthma 
that is not controlled on a low-dose ICS/formoterol combination 
inhaler used only as needed. [BTS/NICE/SIGN 2024]

Offer moderate-dose MART to people aged 12 and over with as-
thma that is not controlled on low-dose MART. [BTS/NICE/SIGN 
2024]

For people aged 12 and over with asthma that is not controlled on 
moderate-dose MART despite good adherence:

→ Check the fractional exhaled nitric oxide (FeNO) level if
available, and the blood eosinophil count. If either of these
is raised, refer to a specialist in asthma care.
→ If neither FeNO or eosinophil count is raised, consider a trial

of either a leukotriene receptor antagonist (LTRA) or a long-acting 
muscarinic receptor antagonist (LAMA) used in addition to mode-
rate-dose MART. Give the medicine for a trial period of 8 to 12 we-
eks unless there are side effects. At the end of the trial:

– if asthma is controlled, continue the treatment
– if control has improved but is still inadequate, continue the tre-

atment and start a trial of the other medicine (LTRA or LAMA)
→ if control has not improved, stop the LTRA or LAMA and start

a trial of the complementary medicine (LTRA or LAMA). [BTS/
NICE/SIGN 2024] November 2024: Follow the MHRA safety advice 
on the risk of neuropsychiatric reactions in people taking monte-
lukast.

Refer people to a specialist in asthma care when asthma is not 
controlled despite treatment with moderate-dose MART, and trials 
of an LTRA and a LAMA. (See the Accelerated Access Collaborative 
consensus pathway on the management of uncontrolled asthma in 
adults.) [BTS/NICE/SIGN 2024]
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For a short explanation of why the committee made these recom-
mendations and how they might affect practice, see the rationale 
and impact section on medicine combination and sequencing in 
people aged 12 and over.

Full details of the evidence and the committee’s discussion are in 
evidence review Q: drug combinations and sequencing for asthma 
management.

Transferring people aged 12 and over from other treatment
pathways
These recommendations are for people with uncontrolled asthma 
who are on the treatment pathway recommended by previous NICE 
and BTS/SIGN guidelines.

Change treatment for people with confirmed asthma who are cur-
rently using a short-acting beta2 agonist (SABA) only to a low-dose 
ICS/formoterol combination inhaler used as needed (as-needed 
AIR therapy). [BTS/NICE/SIGN 2024]

Consider changing treatment to low-dose MART for people
with asthma that is not controlled on:

→ regular low-dose ICS plus SABA as needed
→ regular low-dose ICS/LABA (long-acting beta2 agonist) combi-

nation inhaler plus SABA as needed
→ regular low-dose ICS and supplementary therapy (LTRA) plus

SABA as needed.
→ regular low-dose ICS/LABA combination inhaler and supple-

mentary therapy (LTRA) plus SABA as needed. [BTS/NICE/
SIGN 2024]

Consider changing treatment to moderate-dose MART for people 
with asthma that is not controlled on:

→ regular moderate-dose ICS plus SABA as needed
→ regular moderate-dose ICS/LABA combination inhaler plus

SABA as needed
→ regular moderate-dose ICS and supplementary therapy (LTRA or

LAMA, or both) plus SABA as needed
→ regular moderate-dose ICS/LABA combination inhaler and sup-

plementary therapy (LTRA or LAMA, or both) plus SABA as ne-
eded. [BTS/NICE/SIGN 2024]
When changing from low- or moderate-dose ICS (or ICS/LABA

combination inhaler) plus supplementary therapy to MART, consi-
der whether to stop or continue the supplementary therapy based on 
the degree of benefit achieved when first introduced. [BTS/NICE/
SIGN 2024]

Refer people with asthma that is not controlled on treatment con-
taining a high dose of ICS to a specialist in asthma care. [BTS/NICE/
SIGN 2024]

For a short explanation of why the committee made these recom-
mendations and how they might affect practice, see the rationale 
and impact section on transferring people aged 12 and over from 
other treatment pathways. 

Full details of the evidence and the committee’s discussion are in 
evidence review P: drug classes for initial asthma management and 
evidence review Q: drug combinations and sequencing for asthma 
management. 

Pharmacological management in children aged 5 to 11
For guidance on doses on inhaled corticosteroids see inhaled corti-
costeroid doses for the BTS, NICE and SIGN asthma guideline.

See also algorithm D for a summary of the pharmacological ma-
nagement of asthma in children aged 5 to 11 years. 

Initial management in children aged 5 to 11
Offer a twice-daily paediatric low-dose inhaled corticosteroid (ICS), 
with a short-acting beta2 agonist (SABA) as needed, as initial treat-
ment for children aged 5 to 11 years with newly diagnosed asthma. 
[BTS/NICE/SIGN 2024]

For a short explanation of why the committee made this recommen-
dation and how it might affect practice, see the rationale and impact 
section on medicines for initial management in children aged 5 to 11.

Full details of the evidence and the committee’s discussion are in 
evidence review P: drug classes for initial asthma management.  

Medicine combination and sequencing in children aged 5 to 11
MART pathway
Consider paediatric low-dose MART (maintenance and reliever 
therapy) for children with asthma that is not controlled on paedia-
tric low-dose ICS plus SABA as needed, as long as they are asses-
sed to have the ability to manage a MART regimen. [BTS/NICE/
SIGN 2024] In November 2024, no asthma inhalers were licensed 
for MART in children under 12, so this use would be off-label. The 
current evidence supporting the use of MART in children aged 5 to 
11 is based on the use of a dry powder inhaler. See NICE’s informa-
tion on prescribing medicines or SIGN’s information on prescribing 
licensed medicines outwith their marketing authorisation.

Consider increasing to paediatric moderate-dose MART if asth-
ma is not controlled on paediatric low-dose MART. [BTS/NICE/
SIGN 2024]

Conventional pathway
Consider adding a leukotriene receptor antagonist (LTRA) to twice 
daily paediatric low-dose ICS plus SABA as needed when a child has 
uncontrolled asthma and is assessed as unable to manage the MART 
regimen. Give the LTRA for a trial period of 8 to 12 weeks (unless 
there are side effects), then stop it if it is ineffective. [BTS/NICE/
SIGN 2024] November 2024: Follow the MHRA safety advice on 
the risk of neuropsychiatric reactions in people taking montelukast.

Offer a twice daily paediatric low-dose ICS/LABA (long-acting beta2 
agonist) combination inhaler plus SABA as needed to children assessed 
as unable to manage the MART regimen if their asthma is not control-
led on paediatric low-dose ICS plus SABA as needed (with or without 
an LTRA depending on previous response). [BTS/NICE/SIGN 2024]

Offer a twice daily paediatric moderate-dose ICS/LABA inhaler 
plus SABA as needed to children with asthma that is not controlled 
on paediatric low-dose ICS/LABA plus SABA as needed (with or 
without an LTRA depending on previous response). [BTS/NICE/
SIGN 2024] 

All children aged 5 to 11
Refer children to a specialist in asthma care if their asthma is not 
controlled on paediatric moderate-dose MART or paediatric mo-
derate-dose ICS/LABA maintenance treatment (with or without an 
LTRA, depending on previous response). [BTS/NICE/SIGN 2024]

For a short explanation of why the committee made these recom-
mendations and how they might affect practice, see the rationale 
and impact section on medicine combination and sequencing in 
children aged 5 to 11.

Full details of the evidence and the committee’s discussion are in 
evidence review Q: drug combinations and sequencing for asthma 
management.  

Pharmacological management in children under 5
These recommendations are for children under five with newly sus-
pected or confirmed asthma, or with asthma symptoms that are un-
controlled on their current treatment.

See also algorithm E for a summary of the pharmacological mana-
gement of asthma in children under 5. 

Consider an eight to 12 week trial of twice-daily paediatric low-
dose inhaled corticosteroid (ICS) as maintenance therapy (with a 
short-acting beta2 agonist (SABA) for reliever therapy) in children 
under five with suspected asthma and:
→ symptoms at presentation that indicate the need for maintenance

therapy (for example, interval symptoms in children with another
atopic disorder), or

→ severe acute episodes of difficulty breathing and wheeze (for
example, requiring hospital admission, or needing two or more
courses of oral corticosteroids). [BTS/NICE/SIGN 2024]
If symptoms do not resolve during the trial period, take the follo-

wing sequential steps:
→ check inhaler technique and adherence
→ check whether there is an environmental source of their symp-

toms (for example mould in the home, cold housing, smokers or 
indoor air pollution)
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→ review whether an alternative diagnosis is likely. If none of the-
se explain the failure to respond to treatment, refer the child to a 
specialist in asthma care. [BTS/NICE/SIGN 2024]

Consider stopping ICS and SABA treatment after 8 to 12 weeks 
if symptoms are resolved. Review the symptoms after a further 3 
months. [BTS/NICE/SIGN 2024]

If symptoms resolve during the trial period, but then:
→ symptoms recur by the 3 month review, or
→ the child has an acute episode requiring systemic corticostero-

ds or hospitalisation, restart regular ICS (begin at a paediatric low 
dose and titrate up to a paediatric moderate dose if needed) with 
SABA as needed and consider a further trial without treatment after 
reviewing the child within 12 months. [BTS/NICE/SIGN 2024]

If suspected asthma is uncontrolled in children under five on a pa-
ediatric moderate dose of ICS as maintenance therapy (with SABA 
as needed), consider a leukotriene receptor antagonist (LTRA) in 
addition to the ICS. Give the LTRA for a trial period of 8 to 12 weeks 
(unless there are side effects), then stop it if it is ineffective. [BTS/
NICE/SIGN 2024] November 2024: Follow the MHRA safety advice 
on the risk of neuropsychiatric reactions in people taking monte-
lukast.

If suspected asthma is uncontrolled in children under five on a pa-
ediatric moderate dose of ICS as maintenance therapy and a trial of 
an LTRA has been unsuccessful or not tolerated, stop the LTRA and 
refer the child to a specialist in asthma care for further investigation 
and management. [BTS/NICE/SIGN 2024]

For a short explanation of why the committee made these recom-
mendations and how they might affect practice, see the rationale 
and impact section on pharmacological management in children 
under 5.

Full details of the evidence and the committee’s discussion are in 
evidence review P: drug classes for initial asthma management.

Decreasing maintenance therapy
At annual review discuss with the person with asthma (or their fa-
mily or carer, if appropriate) the potential risks and benefits of de-
creasing their maintenance therapy when their asthma has been well 
controlled on their current maintenance therapy. [NICE 2017, BTS/
SIGN 2019, amended BTS/NICE/SIGN 2024]
When decreasing maintenance therapy:
→ Stop or reduce dose of medicines in an order that takes into ac-

count the clinical effectiveness when introduced, side effects and
the person’s preference.

→ Allow at least 8 to 12 weeks before considering a further treat-
ment reduction.

→ If considering step-down treatment for people aged 12 and over
who are using low-dose maintenance inhaled corticosteroid (ICS)
plus a short-acting beta2 agonist (SABA) as needed or low-dose
MART (maintenance and reliever therapy), step down to low-do-
se ICS/formoterol combination inhaler as needed (as-needed AIR
therapy). [NICE 2017, BTS/SIGN 2019, amended BTS/NICE/
SIGN 2024]
Agree with the person (or their family or carer if appropriate)

how the effects of decreasing maintenance therapy will be moni-
tored and reviewed, including self-monitoring and follow-up with 
a healthcare professional. [NICE 2017] Review and update the 
person’s asthma action plan when decreasing maintenance thera-
py. [NICE 2017] 

Adherence
Check adherence, using prescription records, and inhaler technique
at every asthma-related healthcare review. Use the principles outli-
ned in the NICE guidelines on shared decision making (endorsed by 
SIGN for use in Scotland) and medicines adherence. [NICE 2017, 
BTS/SIGN 2019]

Asthma in pregnancy and breastfeeding
For recommendations on intrapartum care, see the NICE guideline 
on intrapartum care for women with existing medical conditions or 
obstetric complications and their babies. 

Pregnancy
People with asthma should have an asthma review during early preg-
nancy and in the postpartum period. Emphasise the importance and 
safety of maintaining good control of asthma during pregnancy and 
of continuing asthma medicines to avoid problems for themselves 
and their baby. [BTS/SIGN 2019]

Advise anyone who is pregnant and who smokes about the dan-
gers for themselves and their babies and give appropriate support to 
stop smoking. See the NICE guideline on tobacco for more informa-
tion. [BTS/SIGN 2019]

Advise using the following medicines as normal during preg-
nancy:
→ short-acting and long-acting beta2 agonists
→ inhaled corticosteroids
→ oral theophyllines. [BTS/SIGN 2019]

Offer oral corticosteroids during pregnancy if needed to treat exa-
cerbations of asthma. Advise that the benefits of treatment with oral 
corticosteroids outweigh the risks. [BTS/SIGN 2019, amended BTS/
NICE/SIGN 2024] 

If leukotriene receptor antagonists or long-acting muscarinic re-
ceptor antagonists are needed to achieve asthma control, they should 
not be stopped during pregnancy. [BTS/SIGN 2019, amended BTS/
NICE/SIGN 2024] 

Breastfeeding
Use medicines as normal when breastfeeding in line with recom-
mendations in the BNF. [BTS/SIGN 2019, amended BTS/NICE/ 
SIGN 2024] 

Asthma in adolescents
For guidance on transitioning to adult services, see the NICE gui-
deline on transition from children’s to adults’ services for young 
people using health or social care services and the Scottish Parlia-
ment Information Centre briefing on transitions of young people 
with service and care needs between child and adult services in 
Scotland.

Discuss future career choices with adolescents with asthma and 
highlight occupations that might increase susceptibility to work-
related asthma symptoms. [BTS/SIGN 2019]

Ask adolescents with asthma if they vape or smoke and encourage 
them to stop. If they smoke, give them advice and signpost them to 
local NHS stop smoking services. [BTS/SIGN 2019, amended BTS/
NICE/SIGN 2024]

Ask about factors that may affect a person’s use of their inhaler 
device in real life settings, such as school and social situations. [BTS/
SIGN 2019] 

Self-management
For adults, young people and children aged five and over with a 
diagnosis of asthma (and their families or carers, if appropriate):
→ Offer an asthma self-management programme, comprising a do-

cumented personalised action plan and education. In adults, they
may be based on symptoms or peak expiratory flow (or both);
symptom-based plans are usually preferred for children.

→ Explain that there are things that can trigger asthma symptoms
and exacerbations, including indoor and outdoor pollution. In-
clude in the personalised action plan approaches for minimising
exposure to air pollution and any other personal triggers. For
more guidance on how to minimise exposure and the effect of air
pollution on health, see the recommendations on:

– vulnerable groups in the NICE guideline on air pollution: ou-
tdoor air quality and health

– people with asthma, other respiratory conditions or cardio-
vascular conditions in the NICE guideline on indoor air quality
at home, and

→ smoking in the NICE guideline on tobacco. [NICE 2017, amen-
ded 2021; BTS/SIGN 2019, amended BTS/NICE/SIGN 2024]
Review the content of the personalised action plan, and check that

the person understands it, at the following:
→ hospital admission, including in virtual wards



Resumo de guidelines

283 Thorax 2025;80:416–424. doi:10.1136/thorax-2024-222910

→ acute consultations in primary care or emergency depart-
ment

→ annual reviews. [BTS/SIGN 2019, amended BTS/NICE/ SIGN
2024]
Consider an asthma self-management programme, comprising a

written personalised action plan (including approaches to minimi-
sing exposure to indoor and outdoor air pollution) and education, 
for the families or carers of children under five with suspected or 
confirmed asthma. [NICE 2017, amended NICE 2021]

For adults (aged 17 and over) who are using an inhaled corticos-
teroid (ICS) in a single inhaler, offer an increased dose of ICS for 7 
days, within a self-management programme, when asthma control 
deteriorates. Clearly outline in the person’s asthma action plan how 
and when to do this, and what to do if symptoms do not improve. 
When increasing ICS treatment:

→ consider quadrupling the regular ICS dose
→ do not exceed the maximum licensed daily dose. [NICE 2017]
Include advice in self-management programmes on contacting a

healthcare professional for a review if asthma control deteriorates 
(see the recommendations on monitoring asthma control). [NICE 
2020, amended BTS/NICE/SIGN 2024] 

When implementing self-management interventions in primary 
care, take into account strategies to aid this, which could include:
→ the use of proactive alerts to ensure routine reviews
→ structured protocols for asthma reviews
→ support from primary care and community pharmacists
→ mailing or emailing of educational resources
→ telephone calls to provide ongoing support and advice
→ IT-based education and monitoring
→ involvement of community workers to support clinical teams in

deprived and/or ethnic minority communities. [BTS/SIGN 2019]
Schools and health services should work together to provide in-

school asthma self-management education programmes provided 
by appropriately trained personnel. [BTS/SIGN 2019] 

Provide self-management education in line with the recommen-
dations on education programmes in the section on enabling pa-
tients to actively participate in their care in the NICE guideline on 
patient experience in adult NHS services. [BTS/SIGN 2019, amen-
ded BTS/NICE/SIGN 2024]

For a short explanation of why the committee made the 2020 re-
commendation on self-management and how it might affect prac-
tice, see the rationale and impact section on self-management.

Full details of the evidence and the committee’s discussion are in 
the evidence review from NG80: increasing ICS treatment within 
supported self-management for children and young people.

Risk-stratified care
Consider actively identifying people with asthma who are at risk
of poor outcomes and tailor care to their needs. Risk factors
should include:
→ non-adherence to medicines
→ over-use of short-acting beta2 agonist (SABA) inhalers (more

than two inhalers per year)
→ needing two or more courses of oral corticosteroids per year
→ two or more visits to an emergency department or any hospital

admission for asthma. [BTS/NICE/SIGN 2024]
For a short explanation of why the committee made this recom-

mendation and how it might affect practice, see the rationale and 
impact section on risk-stratified care.

Full details of the evidence and the committee’s discussion are in 
evidence review O: risk stratified care for people with asthma.

Organisation and delivery of care
In primary care, people with asthma should be reviewed at least an-
nually and after any exacerbation by a healthcare professional with 
appropriate training in asthma management. The review should 
incorporate a written personalised action plan. [BTS/ SIGN 2019, 
amended BTS/NICE/SIGN 2024]

Consider telehealthcare as an option for supporting self-manage-
ment. [BTS/SIGN 2019]

Consider computerised decision support systems for patient use 
to support self-management. [BTS/SIGN 2019]

TERMS USED IN THIS GUIDELINE
This section defines terms that have been used in a particular way for 
this guideline. For other definitions see the NICE glossary and the 
Think Local, Act Personal Care and Support Jargon Buster.

Air therapy
Anti-inflammatory reliever (AIR) therapy is treatment with a relie-
ver inhaler that contains a combination of an inhaled corticosteroid 
and formoterol. When this is used in response to symptoms without 
regular maintenance therapy it is called as-needed AIR therapy. In 
November 2024 the only product licensed for as-needed AIR thera-
py contained budesonide/formoterol.

Asthma control
Complete control of asthma is defined as no daytime symptoms, no 
night-time awakening due to asthma, no asthma attacks, no need 
for rescue medication, no limitations on activity including exercise, 
normal lung function (in practical terms forced expiratory volume 
in 1 s [FEV1] and/or peak expiratory flow (PEF) more than 80% pre-
dicted or best), and minimal side effects from treatment.

Bronchial challenge test
A test to measure airway responsiveness (bronchial responsiveness). 
It is performed by giving small increments of a bronchoconstrictor 
(most commonly methacholine) and measuring the FEV1 after each 
dose until it falls by a predetermined amount (usually 20% from ba-
seline).

Bronchial hyperresponsiveness
A measure of how easily bronchospasm can be induced in the ai-
rways. It is measured using a bronchial challenge test.

Bronchodilator reversibility
A measure of the ability to reverse obstruction in the airways using 
medicines that widen the airways (bronchodilators).

Eosinophil count
The number of eosinophils (a type of white blood cell) measured in 
a blood sample. Their levels are raised in asthma and other allergic 
diseases, and less commonly with malignant diseases, parasite in-
fections, reactions to some medicines, and a small number of rare 
diseases.

FeNO test
A test that measures the amount of nitric oxide (NO) present on 
exhalation, usually expressed in parts per billion.

FEV1
The amount of air that can be forcibly exhaled from the lungs in one 
second (forced expiratory volume in one second).

Leukotriene receptor antagonist
A type of oral medicine that blocks cysteinyl leukotrienes, used in 
the treatment of asthma and seasonal allergies. Also known as leu-
kotriene modifiers.

Long-acting muscarinic receptor antagonist
A long-acting medicine that acts on muscarinic receptors in the ai-
rway to relax airway smooth muscle and relieve symptoms of asthma.

Maintenance and reliever therapy (MART)
A form of combined ICS plus formoterol treatment in which a single 
inhaler containing ICS and formoterol is used for daily maintenance 
therapy and the relief of symptoms as needed. The terms low-dose 
MART and moderate-dose MART refer to the dosage of the main-
tenance component of MART. People using MART do not normally 
need a SABA.
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Peak expiratory flow (PEF) variability
PEF is a measure of the maximum speed of expiration, generally ex-
pressed in litres per minute. PEF variability is a measure of the extent 
to which this varies over time and can be expressed numerically as 
amplitude percentage mean. This is calculated by subtracting the lo-
west value measured each day from the highest value on the same day, 
and averaging this over the number of days on which PEF is measured

Skin prick testing
A test that measures the allergic response of an individual to certain 
specific allergens when a very small amount of the specific allergen 
is introduced into the skin (usually the inner forearm).

Specialist in asthma care
A healthcare professional with higher training in respiratory medi-
cine and proficiency in the management of asthma. In the context of 
this guideline, this requires both the relevant expertise and access to 
the resources that enable delivery of the diagnostic and management 
pathways described in the recommendations.  

Uncontrolled asthma
A term used when asthma is having an impact on a person’s lifes-
tyle, or is restricting their normal activities, because of symptoms 
such as coughing, wheezing, shortness of breath and chest tightness. 
Uncontrolled asthma can include one or both of: any asthma exacer-
bation needing treatment with oral corticosteroids frequent regular 
symptoms such as: needing a reliever inhaler three or more days per 
week, or having one or more nights per week when asthma causes 
night-time waking.

These can be quantified by questionnaires such as the Asthma 
Control Questionnaire or Asthma Control test. 

RECOMMENDATIONS FOR RESEARCH
The guideline committee has made the following recommendations
for research. 

Medicines for initial management
What is the clinical and cost-effectiveness of regular ‘fixed-dose’ 
inhaled corticosteroid (ICS) regimens (using SABA [short-acting 
beta2 agonist] as a reliever) compared with ‘as-needed’ strategies (for 
example ICS/formoterol) as the initial standard treatment for asthma 
in children aged 5 to 11 years? [2024]

For a short explanation of why the committee made this recom-
mendation for research, see the rationale and impact section on 
medicines for initial management in children aged 5 to 11.

Full details of the evidence and the committee’s discussion are in 
evidence review P: pharmacological management of asthma in peo-
ple who are treatment-naïve or receiving SABA-only. 

Medicine combination and sequencing
What is the best step-up treatment for people whose asthma is not 
controlled on a combination inhaler of ICS plus formoterol used as 
needed? [2024]

For a short explanation of why the committee made this recom-
mendation for research, see the rationale and impact section on 
medicine combination and sequencing in people aged 12 and over.

Full details of the evidence and the committee’s discussion are in 
evidence review Q: drug combinations and sequencing for asthma 
management. title. 

Diagnostic pathways
What is the cost-effectiveness and feasibility of the proposed BTS/ 
NICE/SIGN diagnostic pathways for asthma in children and young 
people aged five and over and in adults aged 17 and over? [2024]

For a short explanation of why the committee made this recom-
mendation for research, see the rationale and impact section on 
objective tests for diagnosing asthma in adults, young people and 
children aged 5 to 16 with a history suggestive of asthma.

Full details of the evidence and the committee’s discussion are in: 
evidence review A: accuracy and clinical and cost-effectiveness of 
spirometry for diagnosis of asthma

evidence review B: accuracy and clinical and cost-effectiveness of 
bronchodilator response in the diagnosis of asthma

evidence review C: accuracy and clinical and cost-effectiveness of 
peak expiratory flow in the diagnosis of asthma

evidence review D: accuracy and clinical and cost-effectiveness of 
skin prick test in children for diagnosis of asthma

evidence review E: accuracy and clinical and cost-effectiveness of 
serum IgE measures in diagnosing asthma in children

evidence review F: accuracy and clinical and cost-effectiveness of 
FeNO in the diagnosis of asthma

evidence review G: accuracy and clinical and cost-effectiveness of 
eosinophil blood count measures in the diagnosis of asthma

evidence review H: accuracy and clinical and cost-effectiveness of 
histamine and methacholine in the diagnosis of asthma

evidence review I: accuracy and clinical and cost-effectiveness of bron-
chial challenge testing (indirect) with mannitol in diagnosing asthma

evidence review J: accuracy and clinical and cost-effectiveness of 
bronchial challenge testing in response to exercise in diagnosis of 
asthma

evidence review K: accuracy and clinical and cost-effectiveness of 
combination tests for diagnosis in people with suspected asthma. 

Inhalers
Can digital inhaler monitors cost-effectively improve adherence to 
preventer inhalers for people with asthma? Does this improve asthma 
control and who would benefit most from this intervention? [2024]

For a short explanation of why the committee made this recom-
mendation for research, see the rationale and impact section on digi-
tal inhalers.

Full details of the evidence and the committee’s discussion are in 
evidence review R: smart preventer/maintenance inhalers for the 
management of asthma. 

Monitoring inhaler technique
What is the current frequency and the current method being used to 
check the inhaler technique of people with asthma? What is the opti-
mal frequency and the best method of checking inhaler technique 
to improve clinical outcomes for people with asthma? [NICE 2017] 

Monitoring asthma control using telehealthcare
What is the long-term (more than 12 months) clinical and cost-effec-
tiveness of using telehealthcare as a means to monitor asthma control 
in adults, young people and children? Methods of telehealthcare can 
include telephone interview (with healthcare professional involve-
ment) and internet or smartphone-based monitoring support (no 
healthcare professional involvement). [NICE 2017] 

Decreasing pharmacological treatment
In adults, young people and children with well-controlled asthma, 
what are the objective measurements and prognostic factors that 
indicate that a decrease in regular maintenance treatment is appro-
priate? [NICE 2017] 

Improving adherence to asthma medication
What are the most clinically and cost-effective strategies to improve 
medicines adherence in adults, young people and children with 
asthma who are non-adherent to prescribed medicines? [NICE 2017]

Other recommendations for research
Increasing the dose of ICS within a personalised self-management
programme for children and young people
For children and young people with asthma that is managed in pri-
mary care, is there an advantage to increasing the ICS dose when 
asthma control has deteriorated compared with using the usual dose 
in a self-management programme? [NICE 2020]

For a short explanation of why the committee made this recom-
mendation for research, see the rationale and impact section on self-
management.

Full details of the evidence and the committee’s discussion are in 
evidence review A: increasing ICS treatment within supported self-
management for children and young people.
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TOOLS AND RESOURCES: ALGORITHMS
Algorithm A: Objective tests for diagnosing asthma in adults and 

young people (aged over 16 years) with a history suggesting asthma 
– click here to access

Algorithm B: Objective tests for diagnosing asthma in children
aged 5 to 16 with a history suggesting asthma – click here to access

Algorithm C: Pharmacological management of asthma in people 
aged 12 years and over – click here to access

Algorithm D: Pharmacological management of asthma in chil-
dren aged 5 to 11 years – click here to access

Algorithm E: Pharmacological management of asthma in chil-
dren under 5 – click here to access
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RESUMO
Contexto Descrevemos a epidemiologia da asma, 
DPOC e DPI entre 2004 e 2023 na Inglaterra, País 
de Gales, Escócia e Irlanda do Norte (IN) utili-
zando uma abordagem harmonizada.
Métodos Foram utilizados dados do Serviço 
Nacional de Saúde da Inglaterra (NHSE), do 
banco de dados Clinical Practice Research Datalink 
Aurum na Inglaterra, do Secure Anonymised 
Information Linkage Databank no País de Gales, 
do DataLoch no sudeste da Escócia e do Honest 
Broker Service na Irlanda do Norte. Foi realizada 
uma abordagem harmonizada para definição de 
casos de DPOC, asma e DPI, desenho dos estudos 
e populações estudadas nas quatro nações. As taxas 
de incidência padronizadas por idade e sexo e a 
prevalência pontual foram calculadas entre 2004 e 
2023, dependendo da disponibilidade dos dados. 
Regressões logísticas e binomiais negativas foram 
utilizadas para comparar as taxas de incidência e 
prevalência entre o início e o fim de cada período 
de estudo. A extrapolação linear projetou as taxas 
de incidência entre 2020 e 2023 para ilustrar como 
as taxas observadas e projetadas diferiram.
Resultados As taxas de incidência foram menores 
em 2019 em comparação com 2005 para asma 
(Inglaterra: razão de taxa de incidência 0,89, IC 
95%: 0,88 a 0,90; País de Gales: 0,66, 0,65 a 0,68; 
Escócia: 0,67, 0,64 a 0,71; IN: 0,84, 0,81 a 0,86), 
DPOC (Inglaterra: 0,83, 0,82 a 0,85; País de Gales: 
0,67, 0,65 a 0,69) e maiores para DPI (Inglaterra: 
3,27, 3,05 a 3,50; País de Gales: 1,39, 1,27 a 1,53; 
Escócia: 1,63, 1,36 a 1,95; IN: 3,03, 2,47 a 3,72).
No NHSE, a incidência de asma foi semelhante 
em junho de 2023 em relação a novembro de 
2019, mas menor para DPOC e maior para DPI. 
A prevalência de asma em 2019 na Inglaterra, País 
de Gales, Escócia e IN foi de 9,7%, 15,9%, 13,2% 
e 7,0%, respectivamente; para DPOC foi de 4,5%, 
5,1%, 4,4% e 3,0%; e para DPI foi de 0,4%, 0,5%, 
0,6% e 0,3%. As taxas de incidência projetadas 
foram 2,8, 3,4 e 1,8 vezes menores para asma, 
DPOC e DPI, respectivamente, em comparação 
com as taxas observadas no auge da pandemia.
Interpretação Asma, DPOC e DPI afetam mais 
de 10 milhões de pessoas nas quatro nações, e um 
número substancial de diagnósticos foi perdido 
durante a pandemia.

INTRODUCTION
Asthma, chronic obstructive pulmonary disease 
(COPD) and interstitial lung disease (ILD) are the 
three most common chronic respiratory diseases 
worldwide and in the UK and are associated with 
substantial morbidity and mortality.1 2 While previ-
ous studies have investigated changes in incidence 
and prevalence of asthma over time, these have 
been limited to specific populations, such as paedi-
atric asthma populations, or are now outdated with 
data up until 2016.3–5 In addition, many studies 
have used data from England only, and no studies 
have investigated trends across England, Wales and 
Scotland combined. Similarly, the prevalence of 
COPD over time has been investigated in England 
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Key messages

WHAT IS ALREADY KNOWN ON 
THIS TOPIC

uThe burden of asthma, chronic obstructive 
pulmonary disease (COPD) and inters-
titial lung disease (ILD) has been explo-
red in standalone countries with varying 
study designs and methods, thus limiting 
the comparability and representativeness 
of study results.

.
WHAT THIS STUDY ADDS
uThis is the first study to describe the burden 

of asthma, COPD and ILD across England, 
Wales, Scotland and Northern Ireland over 
a 20-year period using harmonised elec-
tronic health records and paves the way for 
federated data analyses across the UK.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uThis study demonstrates the value of using 
a harmonised methodological approach to 
using national electronic healthcare records 
across the UK to allow for large-scale com-
parable, replicable and updatable data that 
can be used for future policy and public 
health planning.
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only up until 2019 and studies investigating trends in incidence 
and prevalence of COPD and ILD across the UK are lacking and 
outdated.6–8

Cross-national studies of the burden of asthma, COPD and ILD 
in the UK are assessed through the metric of health service use. 
This metric is important for public health planning and identifying 
areas for future research and development to improve patient care. 
It is also important to understand in which groups of people inci-
dence of asthma, COPD and ILD are higher to target these groups 
with more efficient interventions to reduce the burden of these 
three conditions. Likewise, given the emphasis on health inequali-
ties in research and policy, it is important to understand where and 
in whom incidence or prevalence is perhaps lower than expected 
to target disease awareness and management campaigns. No previ-
ous studies have described the burden of these diseases across the 
UK in a harmonised way whereby results are more comparable. 
Similarly, no studies have estimated the burden of these diseases 
across the pandemic period where healthcare utilisation dramati-
cally changed. Our aim was to describe the changing epidemiolo- 
gy of asthma, COPD and ILD between 2004 and 2023 in Eng-
land, Wales, Scotland and Northern Ireland (NI) using electronic 
healthcare records (EHR) through standardised methodologies to 
improve the understanding of the evolving impacts of these di-
seases on individuals and provide robust methodology which can 
be repeated going forward to monitor trends.

METHODS
Databases
For England, primary care EHRs from the Clinical Practice Re-
search Datalink (CPRD) Aurum (February 2022 build), for data 
between 2004 and 2019 and the General Practice Extraction Ser-
vice for Pandemic Planning and Research (GDPPR) through  the 
National Health Service England Secure Data Environment, via the 

British Heart Foundation Data Science Centre’s CVD-COVID-19 
UK/COVID-19 IMPACT consortium, for data between 2019 and 
June 2023, were used (online supplemental file 1).9 For Wales, pri-
mary care data from the Welsh Longitudinal General Practice data 
set (WLGP) through the Secure Anonymised Information Lin- 
kage (SAIL) Databank was used to provide data between 2004 and 
2019. For Scotland, the Data-Loch service was used to provide 
data between 2004 and March 2023, which included primary care 
data from~80% of general practices (GPs) in Lothian (South-East 
Scotland) and linked secondary care data. For NI, primary care 
data from the Honest Broker Service (HBS) was used to provide 
data between 2004 and 2022. Harmonisation of key variables be-
tween CPRD, SAIL and DataLoch has been described previously, 
and online supplemental table S1 summarises the harmonisation 
methods taken to standardise these variables across all five data 
sources. Our previous work contains detailed information on how 
key variables were harmonised.10

Chronic respiratory disease definitions (defining the numerator)
People with diagnosed and recorded asthma, COPD and ILD were 
defined using a harmonised approach to data curation across the 
databases to ensure cohort definitions were the same. Details of 
the methodology used have been described previously.10 For each 
disease, to be included as a case, individuals had to have at least 
one valid code within their primary care record, and the date of 
diagnosis was defined as a minimum of the earliest event date in 
primary or secondary care, using International Classification of 
Disease 10th revision codes in the primary position for hospitali-
sations. For NI, only primary care data were available and thus 
only a primary care diagnosis date was used. For COPD and ILD 
events, people were required to be at least 40 years old. In CPRD 
Arum, DataLoch and SAIL, for all three diseases, people had to 
have at least 1 year of follow-up from GP registration prior to their 
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The same age restrictions for the numerator were applied to the 
denominator; for COPD and ILD, namely people aged 40 years or 
older were included, and there were no age restrictions for asthma.

Statistical analysis
Data were analysed separately for each data source. In England, year-
ly incidence rates were calculated from 2004 to 2019 in CPRD, and 
monthly incidence rates were calculated between November 2019 and 
June 2023 in NHSE. In Wales, yearly incidence rates were calculated 
between 2004 and 2019 in SAIL. In NI, yearly incidence was calcula-
ted from 2004 to 2022. In South-East Scotland, yearly incidence rates 
were calculated from 2004 to 2019 and 3-monthly incidence rates 
were calculated between January 2020 and March 2023 in DataLoch 
due to data availability. Monthly or 3-monthly rates were calculated 
to better understand the changing epidemiology during and after 
the COVID-19 pandemic in more granular detail; however, yearly 
incidence was calculated for NI due to data availability. Incidence 
rates were based on the number of incident cases in a specific year or 
month divided by the person-time at risk for each person in each time 
period presented as per 1000 person-years. In NI, incidence was based 
on the number of incident cases in a specific year divided by mid-year 
population and presented as per 1000 persons. Incidence or incidence 
rates for each disease were stratified by age and sex in all nations and 
were additionally stratified by region for CPRD and NHSE, Index of 
Multiple Deprivation (IMD) and ethnicity in NHSE and IMD in HBS 
(online supplemental file 1). In addition, to facilitate comparisons be-
tween the four nations, incidence rates were directly standardised to 
the European 2013 standard population.11

Annual point prevalence of diagnosed and recorded disease was 
calculated using point prevalence for each disease for each year on 1 
July from 2004 to 2019 for CPRD, SAIL and from 2004 to 2022 for 
DataLoch. For HBS, prevalence was calculated from 2011 to 2022 as 
the data sets used to identify study exit (ie, medications, secondary 
care utilisation and outpatient use) were available from 2010.

incidence code to be included in the numerator. Code lists for the 
asthma, COPD and ILD definitions are available on GitHub (ht-
tps://github.com/NHLI-Respiratory-Epi/Curation-Harmonisa-
tion).

Defining the denominator
The number of patients and patient follow-up time in the total 
CPRD population were obtained from patient denominator files 
provided by CPRD per data release for all ‘acceptable’ (ie, research-
ready) patients and was limited to those with linkage eligibility.10 
For National Health Service England (NHSE), the denomi-
nator was derived from GDPPR and therefore included patients 
with active, current GP registrations at participating practices in 
England (98% of GP practices in England), who were alive on 1 
November 2019. Additional inclusion and exclusion criteria were 
applied for quality assurance purposes (online supplemental file 
1). For SAIL Databank, the total number of patients was the popu-
lation who had an active GP registration in the WLGP data set 
in Wales and who had 1 year of follow-up following GP registra-
tion. For DataLoch, people were included in the denominator 
if they were alive, registered and research-ready (ie, had a valid 
unique Community Health Index (CHI) and date of birth and sex 
matching CHI) with a DataLoch-registered GP and had 1 year of 
follow-up following GP registration. For HBS, the denominator 
was the mid-year estimate of the NI population (https://data.nisra.
gov.uk/). For incidence rates, the denominator was the person-
time for each time period in which individuals were still alive 
and registered with their GP and had not been diagnosed with 
the condition of interest. In NI, the denominator was incidence, 
which was defined as the number of people in each time period 
who were still alive and had not been diagnosed with the condi-
tion of interest. For prevalence, the denominator was the number 
of people who were still alive and or remained registered at their 
GP for each time period.
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Across England, Wales and Scotland, incidence rates of asthma 
declined more rapidly between 2004 and 2010 (standardised in-
cidence rates for England, Wales and Scotland from 2004 to 2010: 
7.30 (95% CI 7.05 to 7.57) to 5.55 (95% CI 5.33 to 5.77), 12.16 (95% 
CI 11.69 to 12.65) to 4.47 (95% CI 4.18 to 4.77) and 6.85 (95% CI 
6.49 to 7.22) to 4.22 (95% CI 3.94 to 4.51) per 1000 person-years 
(PY), respectively; online supplemental file 2). In NI, a substantial 
decline in asthma incidence was observed between 2004 and 2007: 
3.86 (95% CI 3.59 to 4.14) to 2.60 (95% CI 2.38 to 2.83) per 1000 
persons. From 2011 to 2019 the incidence of asthma remained 
more stable in all four nations (standardised incidence rates for 
England, Wales and Scotland in 2019: 5.52 (95% CI 5.32 to 5.72), 
5.08 (95% CI 4.77 to 5.40) and 3.79 (CI 3.53 to 4.07) per 1000 PY, 
respectively. Incidence in NI in 2019: 2.66 (95% CI 2.44 to 2.90); 
online supplemental file 2). During the early COVID-19 pandemic 
years, the incidence of asthma declined rapidly (2020–2022), be-
fore increasing to 4.57 (95% CI 4.27 to 4.87) per 1000 person-years 
in June 2023 in England and to 4.25 (95% CI 3.97 to 4.55) per 
1000 person-years between January and March 2023 in Scotland. 
Incidence rates of asthma were lower in 2019 compared with 2005 
in England (0.89, 95% CI 0.88 to 0.90), Wales (0.66, 95% CI 0.65 
to 0.68), South-East Scotland (0.67, 95% CI 0.64 to 0.71) and in-
cidence in NI (0.84, 95% CI 0.81 to 0.86) (figure 2, online supple-
mental table S2). 

Overall, differences were seen across all nations by sex whereby 
female adults had higher rates of asthma compared with males 
and males less than 18 had higher rates of asthma than females 
less than 18. In terms of age, younger individuals had the highest 
rates of asthma, although the rates have decreased since 2004 in 
these age groups. Rates were similar over time across regions for 
asthma. When incidence rates were stratified by IMD and ethni-
city in NHSE, the incidence of asthma was higher in those in the 
more deprived IMD deciles and differed by ethnicity (online sup-
plemental figures S2–S4 and S9–S11).

Crude incidence rate ratios (IRR) were calculated to compare the 
incidence of asthma, COPD and ILD in 2019 compared with 2005 
in CPRD, SAIL and DataLoch. For HBS, the incidence risk ratio 
was calculated for each disease for 2019 compared with 2005. 2005 
rather than 2004 was used for this analysis due to the introduction 
of the quality and outcomes framework in 2004 which could have 
led to more biased estimates in 2004 compared with those in 2005. 
For NHSE, IRRs were calculated to compare the incidence rates 
of asthma, COPD and ILD in June 2023 with November 2019 to 
determine whether incidence pre-COVID-19 pandemic differed 
from the most up-to-date estimates. Crude ORs were calculated to 
compare the prevalence of asthma, COPD and ILD in 2019 with 
2005 in CPRD, SAIL and DataLoch, and in 2019 with 2011 in HBS. 

Exploratory analyses
To illustrate how incidence rates of asthma, COPD and ILD would 
have differed if the pandemic had not occurred, we projected inci-
dence rates for England and South-East Scotland from January 2020 
to June or March 2023, respectively. In addition, linear extrapolation 
was used to understand whether more recent incidence rates were 
similar to what would have been expected if the pandemic had not 
occurred. This method used estimated incidence rates based on the 
last two data points and was based on incidence rates in 2018 and 
2019 for each country separately (online supplemental file 1).

RESULTS
Online supplemental figure S1 reports the number of people in 
each nation with at least one chronic respiratory condition or a 
combination of diseases.

Trends in incidence
Asthma
Yearly adjusted incidence rates of asthma declined between 2004 
and 2019 in all four nations (figure 1, online supplemental file 2). 



Epidemiologia respiratória

290 Whittaker H, et al. Thorax 2025;80:466–477. doi:10.1136/thorax-2024-222699

Chronic obstructive pulmonary disease
Incidence rates of COPD remained stable between 2004 and 2019 
in England (standardised incidence rates in 2004 and 2019: 4.74 
(95% CI 4.57 to 4.91) and 4.66 (95% CI 4.50 to 4.82); online sup-
plemental file 2, figure 1). In Scotland, incidence rates of COPD 
declined between 2004 and 2009 (standardised incidence rates in 
2004 and 2009: 5.60 (95% CI 5.19 to 6.04) and 4.33 (95% CI 3.97 
to 4.71)) but remained stable between 2010 and 2019 (standar- 
dised incidence rates in 2010 and 2019: 5.11 (95% CI 4.72 to 5.53) 
and 4.96 (95% CI 4.58 to 5.37)). However, the incidence of COPD 
declined in Wales between 2004 and 2015 (standardised incidence 
rates in 2004 and 2015: 7.86 (95% CI 7.36 to 8.37) and 4.26 (95% 
CI 3.91 to 4.64)) and remained stable between 2016 and 2019 
(standardised incidence rates in 2016 and 2019: 4.45 (95% CI 4.09 
to 4.84) and 4.32 (95% CI 3.96 to 4.70)). In NI, COPD incidence 
increased substantially during the period, with largely consistent 
year-on-year increases observed between 2004 and 2019 (1.23, 
95% CI 1.02 to 1.46) and 3.44 (95% CI 3.10 to 3.82) per 1000 
persons, respectively. During the pandemic years, the incidence 
of COPD declined rapidly before increasing back to similar pre-
pandemic rates in June 2023 in England and March 2023 in Scot-
land (standardised incidence rates: 4.09 (95% CI 3.72 to 4.50) and 
4.33 (95% CI 3.97 to 4.71), respectively). Crude incidence rates 
of COPD were also lower in 2019 compared with 2005 in Eng-
land (0.83, 95% CI 0.82 to 0.85) and Wales (0.67, 95% CI 0.65 to 
0.69) but were similar in South-East Scotland (1.06, 95% CI 0.99 to 
1.13), and incidence was higher in NI (2.82, 95% CI 2.62 to 3.03).

Males had higher incidence rates than females. In terms of age, 
older individuals had the highest incidence rates. A slight diffe-
rence in rates was seen for COPD in more recent years whereby 
northern regions had higher incidence rates of COPD. When in-
cidence rates were stratified by IMD and ethnicity in NHSE, inci-
dence of asthma was higher in those in the more deprived IMD 
deciles and differed by ethnicity (online supplemental figures S5 
and S6 and S9–S11).

Interstitial lung disease
Incidence rates of ILD increased in England, Scotland and NI be-
tween 2004 and 2019, but this trend was not seen for Wales (fi- 
gure 1, online supplemental file 2). In England, the incidence of ILD 
increased between 2004 and 2006 (standardised incidence rates in 
2004 and 2006: 0.20 (95% CI 0.17 to 0.24) and 0.57 (95% CI 0.51 to 
0.63)) but remained similar between 2007 and 2010 (standardised 

incidence rates in 2007 and 2010: 0.59 (95% CI 0.53 to 0.65) and 
0.60 (95% CI 0.55 to 0.66)) and increased between 2011 and 2019 
(standardised incidence rates in 2011 and 2019: 0.62 (95% CI 0.56 
to 0.68) and 0.76 (95% CI 0.71 to 0.82)). In Scotland, incidence rates 
increased between 2004 and 2010 (standardised incidence rates in 
2004 and 2010: 0.61 (95% CI 0.47 to 0.77) and 0.95 (95% CI 0.78 
to 1.15)), remained similar between 2011 and 2016 (standardised 
incidence rates in 2011 and 2016: 0.76 (95% CI 0.62 to 0.96) and 0.77 
(95% CI 0.62 to 0.95)) and increased up until 2019 (standardised 
incidence rates 2019: 1.03 (95% CI 0.85 to 1.24)). In NI, incidence 
increased substantially between 2004 and 2019 (standardised inci-
dence in 2004 and 2019: 0.18 (95% CI 0.13 to 0.28) and 0.49 (95% CI 
0.37 to 0.64), respectively). In Wales, the incidence of ILD decreased 
between 2004 and 2009 (standardised incidence rates in 2004 and 
2009: 0.83 (95% CI 0.67 to 1.01) and 0.52 (95% CI 0.40 to 0.68)), 
remained similar between 2010 and 2014 (standardised incidence 
rates for 2010 and 2014: 0.57 (95% CI 0.44 to 0.73) and 0.59 (95% CI 
0.46 to 0.75)) and increased between 2015 and 2019 (standardised 
incidence rates in 2015 and 2019: 0.65 (95% CI 0.51 to 0.82) and 0.78 
(95% CI 0.62 to 0.96)). During the pandemic years, the incidence 
of ILD declined before increasing back to similar pre-pandemic 
rates in June 2023 in England, but lower rates were seen in March 
2023 in Scotland compared with pre-pandemic rates (standardised 
incidence rates: 0.75 (95% CI 0.59 to 0.93) and 0.78 (95% CI 0.62 
to 0.96), respectively). Crude incidence rates of ILD were higher in 
2019 compared with 2005 in England (3.27, 95% CI 3.05 to 3.50), 
Wales (1.39, 95% CI 1.27 to 1.53), South-East Scotland (1.63, 95% 
CI 1.36 to 1.95) and incidence was higher in NI (3.03, 95% CI 2.47 to 
3.72). Crude incidence rates of asthma, COPD and ILD in England 
were lower in June 2023 compared with November 2019 (0.92, 95% 
CI 0.90 to 0.94, 0.91, 95% CI 0.89 to 0.94 and 0.93, 95% CI 0.87 to 
0.99, respectively.)

Males had higher incidence rates than females. In terms of 
age, older individuals had the highest incidence rates. Rates were 
similar over time across regions. When incidence rates were strati-
fied by IMD and ethnicity in NHSE, the incidence of asthma was 
higher in those in the more deprived IMD deciles and differed by 
ethnicity (online supplemental figures S7–S11).

Trends in prevalence
Asthma
In England, Wales and Scotland, the prevalence of asthma in-
creased between 2004 and 2019 and between 2011 and 2019 in NI 
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(figure 3, online supplemental table S3, online supplemental file 3). 
In England and Scotland, the prevalence of asthma increased be-
tween 2004 and 2015 (prevalence of asthma in 2004 and 2015: 5.79 
(95% CI 5.78 to 5.81) and 9.53 (95% CI 9.52 to 9.55) in England 
and 10.87 (95% CI 10.79 to 10.94) and 13.07 (95% CI 13.0 to 13.14) 
in Scotland). The prevalence of asthma in England and Scotland 
was similar between 2016 and 2019. However, in Wales, the diffe-
rence in prevalence between 2004 and 2010 was smaller, and pre-
valence of asthma increased between 2011 and 2019 to a larger ex-
tent (prevalence of asthma in 2004, 2010 and 2019 in Wales: 12.28 
(95% CI 12.23 to 12.32), 13.25 (95% CI 13.21 to 13.29) and 16.43 
(95% CI 16.38 to 16.47)). Crude odds of asthma were higher in 
2019 compared with 2005 in England (2.37, 95% CI 2.34 to 2.40), 
Wales (1.35, 95% CI 1.34 to 1.35) and Lothian Scotland (1.18, 95% 
CI 1.17 to 1.20) (figure 4). In NI, crude OR of asthma was higher in 
2019 compared with 2011 (1.10, 95% CI 1.09 to 1.11).

Chronic obstructive pulmonary disease
In England and Scotland, the prevalence of COPD increased be-
tween 2004 and 2015 (prevalence of COPD in 2004 and 2015: 2004 
and 2015 in England and Scotland: 2.15 (95% CI 2.14 to 2.16) and 
4.20 (95% CI 4.18 to 2.22) in England and 3.00 (95% CI 2.94 to 
3.05) and 4.14 (95% CI 4.08 to 4.20) in Scotland). The prevalence 
of COPD in England and Scotland was similar between 2016 and 
2019. However, in Wales, the difference in prevalence between 
2004 and 2010 was smaller. Crude odds of COPD were also high-
er in 2019 compared with 2005 in England (1.54, 95% CI 1.51 to 
1.56), Wales (1.89, 95% CI 1.87 to 1.91) and South-East Scotland 
(1.34, 95% CI 1.31 to 1.37). In NI, crude OR of COPD was higher 
in 2019 compared with 2011 (1.85, 95% CI 1.82 to 1.89).

Interstitial lung disease
Prevalence of ILD increased steadily between 2004 and 2019 in 
England and Scotland (prevalence of ILD in 2004 and 2019 in Eng-
land: 0.08 (95% CI 0.08 to 0.09) and 0.40 (95% CI 0.40 to 0.41), 
respectively, and in Scotland: 0.33 (95% CI 0.31 to 0.35) and 0.57 
(95% CI 0.55 to 0.60), respectively; figure 4 and online supplemen-
tal file 3). In NI, prevalence increased between 2011 and 2019 (0.17 
(95% CI 0.15 to 0.2) and 0.36 (95% CI 0.32 to 0.40), respective-
ly; figure 4 and online supplemental file 3). In Wales, prevalence 
increased steadily between 2004 and 2014 (0.40 (95% CI 0.39 to 
0.41) and 0.47 (95% CI 0.46 to 0.48), respectively; figure 4 and on-
line supplemental file 3), before increasing more rapidly up to 2019 
(0.56 (95% CI 0.55 to 0.58); figure 4 and online supplemental file 
3). Crude odds of ILD were higher in 2019 compared with 2005 in 
England (4.07, 95% CI 3.82 to 4.33). Crude odds of ILD were also 
higher in 2019 compared with 2005 in Wales and South-East Scot-
land, but at a smaller magnitude (Wales 1.34, 95% CI 1.30 to 1.39 
and Scotland 1.63, 95% CI 1.42 to 1.75). In NI, crude OR of ILD 
was higher in 2019 compared with 2011 (1.85 95% CI 1.73 to 1.97).

Observed versus projected incidence rates during the COVID-19 
pandemic
The lowest incidence rate of asthma, COPD and ILD over the 
COVID-19 period in England was 1.86, 1.28 and 0.42 per 1000 
person-years in May 2020, respectively. These were 2.8, 3.4 and 
1.8 times lower than projected rates of asthma, COPD and ILD, 
respectively. The lowest incidence rate of asthma, COPD and ILD 
over the COVID-19 period in South-East Scotland was 1.65, 1.96 
and 0.67 per 1000 person-years in April 2020, respectively. These 
were 2.4, 2.3 and 1.8 times lower than projected rates of asthma, 
COPD and ILD, respectively (online supplemental figure S12).

DISCUSSION
This is the first study to describe incidence and prevalence trends 
in asthma, COPD and ILD in England, Wales, Scotland and NI 
using harmonised methodologies and to describe the trends pre 
and post COVID-19. We found a decrease in the incidence of 
asthma in all four nations between 2004 and 2019, and a decrease 
in the incidence of COPD in Wales and England. The incidence 

of asthma, ILD and COPD declined during the COVID-19 pan-
demic period, but since then has gradually increased close to pre-
pandemic rates. The prevalence of asthma has increased in four 
nations; however, a plateau was seen in South-East Scotland and 
England between 2015 and 2020, with a decrease during the pan-
demic. The prevalence of COPD also increased across all nations 
and decreased during the pandemic; however, the prevalence of 
ILD has increased over the study period and the decrease during 
the pandemic was much smaller relative to the other diseases.

Asthma
Previous studies have found that the prevalence of asthma has 
increased over time in adults but has declined in children.3–5 12 13 

While we did not stratify our prevalence rates by age group, we 
did find that incidence rates differed by age group and children 
aged less than 10 years had the steepest decline in asthma inci-
dence between 2004 and 2019 compared with other age groups. 
The more pronounced decline seen in this population could be 
due to healthcare providers not giving children with suspected 
asthma a confirmed diagnosis of asthma, instead using a diagnosis 
of preschool wheeze when asthma is suspected.14 In addition, there 
has been a shift in attitudes to diagnosing asthma, as previously 
it tended to be overdiagnosed and in more recent years it is pos-
sible that physicians are more cautious when making a diagnosis 
of asthma, particularly in children.15 The incidence of asthma also 
varied by men and women in different age groups. It is well known 
that asthma is more common in males during childhood as com-
pared with females, but in an adult population, asthma is more 
common in females than males.16 This is thought to be hormone-
related, whereby after puberty the rise in oestrogen has an inflam-
matory effect which can lead to the development of inflammatory 
diseases including asthma.17

We also found that the incidence of asthma varied by IMD with 
higher rates of diagnoses made in more deprived individuals. This 
is consistent with the literature and persisted over the COVID-19 
pandemic period too.18 19 Higher incidence rates in those who are 
more deprived may be due to factors including housing condi-
tions, occupational exposures and air pollution.20 Similarly, there 
was some variation by ethnicity whereby people with Asian and 
mixed ethnicity had higher rates than those with other or un-
known ethnicity. While the trends are less clear, other studies have 
found that people with black and Asian ethnicity also have poorer 
asthma outcomes, including asthma exacerbations and hospitali-
sations.21 Further research into understanding reasons for these 
disparities is crucial to determining where efforts are needed to 
reduce the incidence of asthma in these populations.

Chronic obstructive pulmonary disease
Previous studies, including global estimates from the Global Bur-
den of Disease study, have found that the incidence of COPD has 
decreased since 2004 and prevalence has increased, which is in line 
with our findings.7 22 23 While some studies have found that there 
are still disparities in people being diagnosed with COPD across 
the UK, others have found that the proportion of people dying of 
COPD and who had received a diagnosis of COPD has increased 
with time.24 One explanation for the decline in COPD incidence 
could be reduced levels of smoking over time, notably since the in-
troduction of smoke-free legislation in 2006/2007.25 Interestingly, 
we did not find a decline in the incidence of COPD in Scotland or 
NI. In Scotland, this could be due to a higher prevalence of ciga-
rette smoking compared with England and Wales, found notably 
in men in 2006.26 In NI, smoking cessation trends have been less 
pronounced than in other UK nations and air quality in Belfast 
remains among the worst in the UK.27 28 Across all UK nations, 
COPD prevalence increased, likely due to better diagnosis, im-
proved treatments and ageing population.6 10

In addition, one systematic review found that the prevalence of 
COPD has historically been higher in males compared with fe-
males, but that the prevalence is similar between the two sexes in 
more recent years.29 While we did not stratify prevalence by sex, 
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we did find that the incidence of COPD was consistently higher in 
males compared with females and varied by region, with the high-
est incidence in Northeast England in keeping with other work.8 29 
The incidence of COPD was also higher in people with white eth-
nicity; however, it is possible that healthcare access in this group is 
more accessible and therefore individuals are more likely to get a 
diagnosis of COPD compared with other ethnic groups who have 
worse access to healthcare.30 31 On the other hand, in England, the 
incidence of COPD was higher in the most deprived populations, 
which could be due to higher smoking rates and more exposure to 
pollution.32

In England, the incidence of COPD was higher in people who 
were more socioeconomically deprived and who had white ethni-
city. As with asthma, factors such as occupation and housing may 
play a role as well as cigarette smoking.33 Unlike asthma, people 
with white ethnicity had the highest rates of COPD diagnoses. 
Studies report that white ethnicity was more likely to be breathless, 
which could suggest that people with white ethnicity were more 
likely to seek healthcare when symptomatic.30 

Interstitial lung disease
There is a smaller body of research for ILD; however, evidence sug-
gests that the incidence and prevalence of ILD have been incre-
asing over time in all nations which were in our study, but also 
across Europe.34 One reason for the increased incidence and preva-
lence over time could be increased awareness of ILD and improved 
diagnosis and management of people with this disease.35 However, 
similarly to COPD, it could also be due to an ageing population, 
given that older age is a risk factor for ILD.36 Studies have also 
found that the prevalence of ILD is higher in males compared with 
females and a higher mortality rate for more deprived people with 
ILD.37 38 While we did not look at disparities in prevalence or mor-
tality, we did find that the incidence of ILD was higher in males 
compared with females, and there was evidence to suggest that in-
cidence was higher in people who were most deprived compared 
with those who were least deprived; however, the difference was 
relatively small.

While incidence rates of ILD in England were less clear by so-
cioeconomic deprivation, people with Asian and white ethnicity 
had higher rates over time. It is unclear as to why these differences 
exist, and they could be largely due to residual confounding, par-
ticularly with socioeconomic status. Further understanding into 
why disparities in chronic respiratory diseases exist is crucial to 
improving population health.

COVID-19
The incidence of clinically recorded COPD, asthma and ILD de-
clined during the pandemic and gradually increased close to pre-
pandemic levels by June 2023. The reduction in clinically recorded 
diagnoses reflects access to care during the pandemic and changes 
in health-seeking behaviours.39 40 Specifically, there were fewer face-
to-face GP and outpatient appointments during the early months 
of the pandemic, leading to fewer diagnoses.41 The incidence rates 
of asthma, COPD and ILD in June 2023 remained slightly lower 
than the incidence rate in November 2019. This lag in diagnosing 
people with chronic respiratory disease could be due to the need 
for spirometry, which would have been limited during the pan-
demic.42 In addition, based on projected rates for if the pandemic 
had not occurred, up to 2.8 times fewer people were diagnosed 
with asthma, 3.4 times fewer people were diagnosed with COPD 
and 1.8 times fewer people were diagnosed with ILD at the height 
of the pandemic. Given the changes in diagnostic practices du- 
ring the pandemic, the observed decline in incidence rates suggests 
that there were missed diagnoses, which could have a great impact 
on the future health of people with chronic respiratory diseases 
but who may not be diagnosed with the condition due to changes 
in care during the pandemic. Not only does this affect individuals 
who may be living with an undiagnosed respiratory disease, but it
would affect individuals who are diagnosed with a respiratory di-

sease later on in their disease trajectory. This is particularly impor-
tant for people with ILD as diagnosis is less straightforward and is 
already diagnosed at a late stage whereby patients have a short life 
expectancy. Further studies are needed to quantify the long-term 
burden of undiagnosed and late-diagnosed individuals.  

Implications for policy, practice and research
Given the Office for National Statistis (ONS) population estimates 
in 2023 and assuming no dramatic increase in prevalence over the 
pandemic years, our prevalence estimates suggest that approxi-
mately 5.5 million (9.6%) people are living with asthma in Eng-
land, 590 000 (16.4%) in Wales, 720 000 (13.2%) in Scotland and 
146 000 (7.6%) in NI. For COPD our prevalence estimates in 2019 
reflect approximately 2.5 million (4.5%) people in England, 185 
000 (5.9%) in Wales, 241 000 (4.4%) in Scotland and 58 000 (3.0%) 
in NI. For ILD our prevalence estimates in 2019 reflect approxi-
mately 230 000 (0.4%) in England, 18 000 (0.6%) in Wales, 31 000 
(0.6%) in Scotland and 6000 (0.3%) in NI. Overall, these three di-
seases affect over 10 million people across the UK, highlighting the 
importance of continued research into these diseases to improve 
management of people with asthma, COPD and ILD, to reduce 
morbidity and mortality. These estimates suggest that the UK still 
has some of the worst respiratory outcomes worldwide, as mean 
global age-standardised prevalence estimates for 2019 for asthma 
and COPD were lower than those seen in our study however, the 
declining trends seen in our study have also been reported glo-
bally.23

Our study is one of the first studies to use cross-national data in 
a harmonised approach to describe trends in the three most preva-
lent chronic respiratory diseases of asthma, COPD and ILD over 
a 20-year period. Our harmonised methodology not only allows 
more comparable findings across the four UK nations, but also al-
lows more replicable and updatable cohorts of people with asthma, 
COPD and ILD in the UK. 

Limitations
Despite our study’s strengths, limitations exist. First, EHR data 
were used, which may have limitations in terms of coding of diag-
noses; however, we used codes that have been validated in CPRD 
for COPD, asthma and ILD diagnoses to minimise any biases from 
this.43–45 Second, the GDPPR primary care data set in NHSE in-
cludes all individuals in England who are alive with active registra-
tion on 1 November 2019 and therefore we were unable to estimate 
monthly prevalence rates. Third, we were unable to stratify by re-
gion, IMD and ethnicity in CPRD due to the lack of denomina-
tor data for these specific variables. Fourth, this paper investigated 
trends in diagnosed disease and cannot separate out changes re-
lated to diagnosis and coding practices from true changes in in-
cidence and prevalence. Fifth, denominators over the pandemic 
period varied by England and Scotland (monthly vs 3-monthly) 
which could have led to less variation in rates in Scotland over this 
period. In addition, the rates over the pandemic period could have 
been affected by seasonality and should be interpreted with this 
in mind. Furthermore, there is possible overlap between people 
included in CPRD and NHSE; however, this would have only oc-
curred for the months of November and December in NHSE, and 
rates were similar. In addition, extrapolation assumed linearity; 
however, data from 2004 to 2019 was relatively linear for CPRD 
and Data-Loch. Moreover, for NI data the definition of study exit 
was pragmatic and may have led to the inappropriate exclusion 
of some prevalent cases who still resided in NI, especially those 
with less severe diseases who may not be in regular contact with 
the healthcare system. Furthermore, data were analysed separately 
for each data source and aggregate data were combined. Therefore, 
incidence rates were age and sex standardised to the European Un-
ion (EU) standard population to allow for comparable rates across 
the data sources and no other covariates were adjusted for. Lastly, 
case definitions were based on diagnoses made in primary and 
secondary care alone as spirometry measurements were not used. 



Epidemiologia respiratória

293 Whittaker H, et al. Thorax 2025;80:466–477. doi:10.1136/thorax-2024-222699

A previous systematic review found that between 50% and 75% 
of COPD populations in the literature had airflow obstruction as 
defined using post-bronchodilator spirometry. On the other hand, 
spirometry-confirmed COPD without a clinically recorded diag-
nosis was common.46 Similarly for asthma, misdiagnosis is pos-
sible, notably in those who did not have testing for airflow limita-
tion.47 Therefore, it is possible that the incidence and prevalence of 
COPD, asthma and ILD could have been over or under-estimated;
however, we used algorithms for disease diagnosis that have been 
validated in UK EHRs to reduce the risk of misdiagnosis.43–45

CONCLUSION
This is the first study using harmonised EHR data from the four 
nations in the UK to describe the trend in epidemiology of three 
chronic respiratory diseases over a combined 20-year period. In 
the four nations, the incidence of asthma has decreased, the in-
cidence of ILD has increased; however, the incidence of COPD 
has decreased in England and Wales only. Changes in incidence 
rates were likely due to changes in behaviours and disease aware-
ness. Disparities in incidence rates exist by sex, age, region, IMD 
and ethnicity, and missed diagnoses from the COVID-19 pan-
demic could have a great impact on the future health of people 
with chronic respiratory diseases. Overall, these data form a strong 
baseline for future policy work and public health planning.
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RESUMO
Contexto A asma apresenta um ritmo diário bem 
definido, com obstrução das vias aéreas e inflama-
ção pulmonar atingindo o pico durante a noite. 
Alinhar o horário da administração do medica-
mento com os ritmos da doença (cronoterapia) 
pode melhorar a eficácia terapêutica. O objetivo 
deste estudo foi avaliar o impacto do horário de 
administração de corticosteroides inalatórios na 
asma.
Métodos Este é um ensaio randomizado cruzado 
com três vias. Participantes com asma atópica leve 
a moderada foram randomizados para receber 
dipropionato de beclometasona nas seguintes 
formas: (1) 400 μg uma vez ao dia entre 08:00 e 
09:00 (ODAM); (2) 400 μg uma vez ao dia entre 
15:00 e 16:00 (ODPM); (3) 200 μg duas vezes ao 
dia entre 08:00 e 09:00 e entre 20:00 e 21:00 (BD), 
durante 28 dias, com um período de washout de 2 
semanas entre os regimes. Espirometria a cada seis 
horas e biomarcadores foram medidos ao longo de 
24 horas após o período de adaptação e ao final de 
cada período de tratamento.
Resultados Dos 25 participantes, 21 completaram 
todos os regimes. O regime ODPM foi superior na 
melhora do FEV1 às 22:00 (mediana [IQR]: +160 
[+70, +270] ml) em comparação com ODAM (−20 
[−80, +230] ml) e BD (+80 [−20, +200] ml). ODPM 
também resultou em melhor supressão noturna (às 
22:00 e 04:00) da contagem de eosinófilos no sangue 
em comparação com BD e ODAM. Todos os regimes 
melhoraram o controlo da asma e reduziram 
os níveis de óxido nítrico exalado fracionado e 
cortisol sérico, sem diferenças significativas entre 
os horários de dosagem.
Conclusão O regime ODPM suprime melhor a 
queda noturna da função pulmonar e o pico de 
eosinófilos no sangue em comparação com BD e 
ODAM, sem aumento de eventos adversos. Ensaios 
futuros são necessários para validar esses achados 
em cenários reais e determinar quais populações 
podem se beneficiar mais da cronoterapia.

INTRODUCTION 
Asthma demonstrates a robust rhythm in both 
symptoms and pathophysiology1: up to three 
quarters of patients experience worsening symp-
toms and up to 80% of fatal asthma attacks occur 
overnight.2 3 Coincident with nocturnal symptoms, 
there is an overnight peak in airflow obstruction, 
airway inflammation and bronchial hyperrespon-
siveness.4 5 The excessive diurnal variation and 
nocturnal dip in lung function is also a marker 
for disease severity, poor control and mortality.3,4,6 
Notably, glucocorticoid receptor functionality 
fluctuates over 24 hours in individuals exhibiting 
nocturnal symptoms and airflow obstruction, with 
impaired steroid responsiveness at night compared 

with mid-afternoon.7 8 We recently demonstrated 
enhanced steroid sensitivity in immune cells at 
16:00 compared with 04:oo,9 further supporting the 
notion that the optimal timing for corticosteroids 
administration may be at this time.

Aligning dosage timing to biological rhythms of 
disease (chronotherapy) is a strategy to improve 
drug efficacy and/or reduce associated side effects. 
To date, results from clinical trials of inhaled corti-
costeroid (ICS) chronotherapy in asthma have 
been inconclusive. Pincus et al demonstrated 
once-daily mid-afternoon dosing of inhaled triam-
cinolone acetonide (an uncommonly used ICS in 
asthma) was better for improving morning peak 
flow compared with once-daily morning dosing 
and non-inferior to the standard four-times-a-day 
dosing regimen.10 11 Gagnon showed no difference 
between once-daily (at 17:00 or 22:00) or twice-daily 
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tion. Our study is the first to show the 
effect of chronotherapy on the daily fluc-
tuations in both physiological and immu-
nological domains over 24 hours, using a 
commonly prescribed ICS.

WHAT THIS STUDY ADDS
uMid-afternoon (once a day) dosing of 
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pared with alternative dosage timings 
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dosing of high-dose beclomethasone dipropionate (BDP, 1000 μg) 
in moderate asthma.12 However, these studies focused on daytime 
measurements of lung function and did not investigate the effects 
of dosage timing on the nocturnal dip in lung function and associ-
ated changes in T2 inflammatory biomarkers.

The objective of this randomised controlled trial was to test the 
hypothesis that administering inhaled BDP mid-afternoon will 
result in superior suppression of the nocturnal peak in asthma patho-
physiology (lung function and airway inflammation) compared 
with morning dosing and standard twice-daily  dosing regimens.13 14

METHODS
We conducted a randomised, open-label, three-way crossover 
trial of BDP (Clenil Modulite, delivered via pressurised metered 
dose inhaler) 400 μg daily dose (200 μg per inhalation) in the 
morning (between 08:00 and 09:oo (ODAM)) versus mid-after-
noon (between 15:00 and 16:00 (ODPM)), versus 200 μg twice a 
day (between 08:00 and 09:00, and between 20:00 and 21:00 (BD)), 
in participants with mild to moderate atopic asthma. Briefly, adults 
aged 18–65 years with a history of physician-diagnosed asthma 
and with symptoms consistent with asthma for at least 1 year prior 
to screening were recruited.

All participants were treated with low to medium doses of ICS 
with or without long-acting β agonists at screening and had docu-
mented allergy to at least one common inhaled allergen (ie, cat 
dander, house dust mite or grass pollen) as confirmed on skin 
prick tests; a positive skin prick test was defined as a weal size of 
≥3 mm in diameter, over the negative control. All participants had 
evidence of at least one of the following prior to consent: (1) bron-
chial hyperresponsiveness to methacholine (defined as a ≥20% 
fall in forced expiratory volume within 1 s (FEV1) of ≤1 mg in 
dose or ≤16 mg/mL in concentration)15; or (2) ≥12% or ≥200 mL 
improvement in FEV1 in bronchodilator reversibility test within 2 
years prior to the study. The main exclusion criteria were smoking 
within the past 12 months or those with a smoking history of more 
than five pack years; uncontrolled asthma (6-item Asthma Control 
Questionnaire (ACQ-6) score of 1.5 points or more); asthma 
exacerbations or chest infection requiring oral corticosteroids or 
antibiotics within 3 months prior to screening and randomisation; 
any clinically significant uncontrolled diseases other than asthma. 
Detailed inclusion and exclusion criteria are outlined in the online 
supplemental figure section E1.

Non-permitted concomitant medications included systemic 
corticosteroids within 3 months, ICS other than study medica-
tions, nebulised β2 agonist/anticholinergics, inhaled long-acting β2 
agonists, inhaled short-acting β2 agonists other than study supply, 
inhaled short and long-acting muscarinic antagonist within 7 
days and leukotriene modifiers within 72 hours prior to screening 
visit and during the study period. This study was approved by 
the Research Ethics Committee (North West Greater Manchester 
South, 20/NW/0011) and conducted in accor-dance with the 
Declaration of Helsinki and Good Clinical Practice guidelines 
(registered clin ical tria lsre gister. eu; EudraCT: 2019-004309-
28, https://www.clinicaltrialsregister. eu/ctr-search/trial/2019-
004309-28/GB). All participants provided informed written 
consent.

Study design
Baseline assessment
Demographic data and medical history were recorded during 
screening. All eligible participants stopped asthma maintenance 
therapies during the run-in period for 14–21 days prior to the 
baseline assessment. At baseline visit (day −4 and day −3), partici-
pants stayed overnight, during which six hourly (04:oo, 10:00, 
16:00, 22:00) spirometry, fractional exhaled nitric oxide (FeNO), 
blood eosinophils and serum cortisol levels were measured, and 
ACQ-6 and Munich Chronotype Questionnaire administered.6 
Sputum induction was carried out at 04:oo (day −3) and 16:00 (day 
−1), >48 hours apart to ensure the second sputum sample was not
affected by the first. Randomisation numbers were assigned, which
confirmed treatment sequences (figure 1).

Treatment periods
The baseline visit was followed by three 28-day treatment periods 
in random order with a washout period between each treatment 
period of 14–21 days. The ACQ-6, 6 hourly spirometry, FeNO and 
blood samples were taken on day 25 and day 26 into each treatment 
period. Morning and afternoon sputum induction were carried out 
48 hours apart, on day 26 at 04:00 and day 28 at 16:00.

Peak flow metres and diary cards, which recorded morning and 
evening peak expiratory flow (PEF), salbutamol use, adverse events 
(AEs) and ICS adherence, were provided during each washout and 
treatment period. Full verbal and written instructions were given 
on inhaler technique. All participants were contacted weekly by 
telephone during the study period during which AEs, changes to 
concomitant medications and drug adherence were checked.

Study procedures are detailed in the online supplemental sec-
tion E1.

End points
Prespecified primary end points included the treatment differences
for FEV1, PEF and FeNO changes from baseline. The key secon-
dary end points were the treatment differences in the changes in 
blood eosinophil counts, serum cortisol levels and ACQ-6, reliever 
medication use and AEs. The daily rhythms in lung function para-
meters, FeNO, blood eosinophil counts and serum cortisol levels 
were examined.

Statistical analysis
The sample size calculation was based on our previously published 
data.5 With an estimated dropout rate of 20%, we anticipated that to 
reach a total of 20 completed and evaluable subjects, we would need 
to randomise a total of 25 subjects. With n=20 completing all dosing 
regimens, with a type I error rate of 5% and a within group SD of 
9.3% in percent predicted FEV1, there was an estimated 80% power 
of detecting a difference of 10% between groups in the mean group 
changes from baseline.5 11

The within-day variability among all time points was tested using 
the Friedman test in the intention-to-treat population; pairwise 
comparisons between time points were subsequently carried out if 
the overall test had a p-value< 0.05. Treatment effects were described 
as the differences between the end of each treatment period and base-
line (defined as post run-in period) values. Comparisons of treat-
ment effects among the three treatment regimens were performed 
using the Freidman test in patients who had completed all treatment 
periods. Pairwise comparisons (Wilcoxon signed-rank test) were 
performed if the overall test had p<0.05. The p-values of all pairwise 
comparisons were also adjusted using the Benjamini-Hochberg false 
discovery rate correction method (FDR, <0.1 defined as significant) 
(rstatix R package); both raw p-values and FDR adjusted values were 
presented.

A mixed-effects (adjusted for repeated measures) exploratory 
cosinor model (cosinoRmixedeffects R package16) was used to 
examine the changes in the daily rhythmicity in lung function, FeNO, 
blood eosinophil counts and serum cortisol levels following treat-
ments from baseline and among treatment regimens in individuals 
who completed all treatment regimens; data that were not normally 
distributed were log transformed; 95% CI of the Midline Statistic Of 
Rhythm (MESOR, a rhythm-adjusted mean), amplitude (a measure 
of half the extent of predictable variation within a cycle) and acro-
phase (the timing of peak within a circadian cycle)17 (figure 2) were 
estimated using 1000 iterations of bootstrapping. Any potential 
carry over effects were examined by adjusting treatment sequence 
using multivariate mixed-effects cosinor modelling. Frequency of 
reliever use and AEs were reported using descriptive statistics where 
the number of participants and events were summarised. The peak 
flow diurnal variability during the last week of the run-in period 
and 1 week prior to the end of each treatment period were calcu-
lated as: (difference between maximum of 03:00 and maximum of 
15:00)/mean per day and averaged over the number of days; tests 
performed outside the predefined time windows were excluded. 
Missing data were excluded from the analysis. All statistical analyses 
were performed using R version 4.2.2 (Rstudio 2022.12.0).
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RESULTS
Baseline characteristics
Of 25 participants who consented to participate in the study 
(between 18 June 2021 and 5 May 2022), 22 completed ODAM, 21 
ODPM and 23 BD dosing regimens (online supplemental figure E1). 
Approximately equal numbers were allocated to each sequence of 
treatment (online supplemental figure E2). Twenty-one participants 
(84%) completed all treatment regimens (table 1) and had similar 
chronotypes (timing for sleep/wake cycle) (online supplemental 
figure E3). Adherence rates (BD 98.4% adherence (97.8% within 
instructed time window); ODAM 99.9% (96.3%) and ODPM 99.9% 
(98.1%)) for each of the treatment regimens were excellent.

At baseline, lung function demonstrated significant variation 
throughout 24 hours, with increased airflow obstruction overnight 
compared with during the daytime. This coincided with blood 
eosinophil levels peaking overnight. In contrast, FeNO and serum 
cortisol levels peaked at 10:00 and with a nadir overnight (online 
supplemental table E1, online supplemental figures 4; 5).

Effect of chronotherapy
Lung function
All treatment regimens improved lung function compared with 
baseline, but the timing of lung function improvement was different 
depending on dosing regimens (online supplemental figures 6–10). 
There was a larger improvement in FEV1 following ODPM than ODAM 
(by median (IQR) of +170 (+30, +220) ml, p<0.01) and BD dosing 
(by +60 (−10, +240) ml, p=0.02; 10/21 participants had >+100 mL 
difference) at 22:00. A similar but smaller effect was also observed in 
the differences of improvement in FEV1 % predicted (ODPM–ODAM: 
by +4% (+1%, +9%), p<0.01; ODPM–BD: by +2% (−1%, +9%), p=0.02) 
and FEV1/FVC ratio (ODPM–ODAM: p=0.02; ODPM–BD: p=0.03) at 
22:00 (table 2, online supplemental figure 11). A modest improvement 
in FVC % predicted was also found following ODPM compared with 
ODAM dosing (p=0.01, table 2, online supplemental figure 11). There 
was no difference in PEFR among treatment regimens (online supple-
mental table E2, online supplemental figure 12).

Using cosinor modelling, the mean (95% CI) MESOR for FEV1 
was 2.65 (2.29 to 3.02) L at baseline; a higher MESOR for FEV1 
was found following the ODPM dosing regimen (2.80 (2.43 to 3.16) 
L) compared with ODAM (2.72 (2.35 to 3.08) L, p=0.01) and BD 
(2.73 (2.36 to 3.10) L, p=0.04) (figure 3). Similarly, with the FVC 
MESOR of 4.07 (3.59 to 4.56) L at baseline, a higher FVC MESOR 
was observed following ODPM (4.18 (3.70 to 4.66) L) compared with 
ODAM (4.09 (3.61 to 4.57) L, p<0.01) (figure 3).

Biomarkers for airway inflammation
All dosing regimens suppressed FeNO levels with no significant 
differences among dosing regimens (table 3, figure 3, online supple-
mental figure 13).
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+0.01)×109 cells/L at 04:00, p=0.04) (table 3, online supplemental
figure 15).

With a baseline mean (95% CI) MESOR in blood eosinophil 
counts of 0.31 (0.25 to 0.39)×109 cells/L, both ODPM (0.17 (0.14 
to 0.22)×109 cells/L) and ODAM (0.18 (0.14 to 0.22)×109 cells/L) 
resulted in lower MESOR following the treatment period compared 
with the standard BD dosing regimen (0.23 (0.18 to 0.29)×109 
cells/L, p<0.01) (figure 3).

The number of participants who were able to produce sufficient 
sputum were limited for statistical analysis (online supplemental 
figure 16, online supplemental section E4).

Serum cortisol levels
All treatment regimens suppressed serum cortisol levels 
compared with baseline, but the degree of suppression differed 
among treatment regimens at different time points; there was 
no difference in the 10:00 cortisol suppression among treatment 
regimens (online supplemental table E3, online supplemental 
figures 17; 18). While all dosing regimens reduced MESOR for 
serum cortisol levels compared with baseline (median (IQR) of 
149 (127, 174) nmol/L), there were no differences among three 
dosing regimens (figure 3).

The same results were obtained following adjustment of treatment 
sequence within the model, suggesting there was no carry over effect 
(online supplemental figure 19).

Asthma control, reliever medication use and adverse events
All dosing regimens improved ACQ-6 scores with no difference 
seen among dosing regimens (online supplemental figure 20). There 
was no difference in reliever medication use and AE profiles among 
dosing regimens (online supplemental table E4, online supple-
mental figure 21).

All regimens reduced blood eosinophil counts compared with 
baseline at all time points (online supplemental figure 14). The 
reduction in blood eosinophil counts overnight following ODPM 
dosing was significantly larger than those following BD dosing (by 
median (IQR) of −0.07 (−0.13, –0.05)×109 cells/L at 22:00, p<0.01; 
−0.04 (−0.08, –0.02)×109 cells/L at 04:00, p=0.03); this was also
observed compared with ODAM dosing, but to a smaller effect (by
−0.05 (−0.08, –0.01)×109 cells/L at 22:00, p=0.03; −0.04 (−0.08,
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DISCUSSION
We have shown that once-daily mid-afternoon dosing of BDP 
resulted in greater improvement in FEV1 and reduction in blood 
eosinophil counts compared with once-daily morning and standard 
twice-daily dosing regimens. Mid-afternoon dosing demonstrated the 
greatest effect on improving nocturnal airflow obstruction, reaching 
significance compared with other dosing regimes at 22:00, and blood 
eosinophilia which reached significance compared with other dosing 
regimes at 10:00 and 04:00. Mid-afternoon dosing did not demonstrate 
additional overall cortisol suppression (measured in MESOR) or AEs 
compared with the alternative dosage timings. Our findings further 
support the hypothesis that the optimal timing of ICS administration 
is at 16:00, coincident with enhanced glucocorticoid sensitivity at that 
time. The notion that the onset of the inflammatory cascade begins 
mid-afternoon may also explain the findings we observed, and the 
attenuation of the predictable rhythmic recruitment of airway inflam-
matory cells at this time point may abolish the subsequent excessive 
nocturnal dip in lung function in asthma.18 19

We used cosinor modelling to evaluate the effect of ICS chrono-
therapy on the dynamic fluctuation in asthma. This analytical 
method uses multiple measurements to model the continuous 
diurnal variation observed in asthma, including the rhythmic peak 
and trough changes which may be easily missed (resulting in an 
underestimation of amplitude) unless continuous or sufficiently 
frequent measurements occur over a 24-hour period. Not only 
would this be impractical, but the frequent test procedures would 
profoundly disrupt sleep and circadian rhythm of study participants.

We have confirmed that maximal airflow obstruction and inflam-
mation occur overnight in asthma; FeNO peaks late morning, with 
a nadir overnight.1 5 20 21 The magnitude of within-day variations in 
lung function and inflammatory biomarkers were large, highlighting 
the importance of timing of tests when results are interpreted.1

Previously, Beam and colleagues found that a single dose of oral 
prednisolone at 15:00 resulted in a significant improvement in the 
nocturnal dip in lung function, blood eosinophil counts and a pan-
cellular reduction in bronchoalveolar lavage cytology at 04:00 in 
uncontrolled asthma, but these were not observed in participants 
dosed at 08:00 or 20:00.18 Frezza et al also demonstrated that a 
single dose of inhaled BDP or fluticasone propionate given at 16:00 
was sufficient to reduce the nocturnal dip in FEV1 at 04:00 in patients 
with steroid-naïve asthma compared with placebo, but no compa-
rison was made with other times of dosing.19 Similarly, Postma et 
al found that evening (between 16:00 and 20:00) administration 
of inhaled ciclesonide resulted in more pronounced improvement 
in the morning peak expiratory flow compared with a once-daily 
morning dosing regimen.22 Although several randomised controlled 
trials have previously investigated mid-afternoon dosing of ICS in 
asthma,10–12 our study is the first to show the effect of chronotherapy 
on the daily fluctuations in both physiological and immunological 
domains over 24 hours and compared these with widely used dosing 
regimens.

The current study is limited by small sample size, short thera-
peutic and follow-up duration. Nevertheless, the three-way cross-
over design allows repeated measurements to be performed within 
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the same individual, increasing study power for parameters of inte-
rest. While the small effect size may increase the risk of type II error 
(false negative results), we have demonstrated statistical significance 
in the prespecified key end points in MESOR and 22:00 time point; 
the negative results may be due to the limited power. Nevertheless, 
the data presented in our study form the basis for the design of 
future larger trials to establish the efficacy of ICS chronotherapy.

Opinions regarding what constitutes the minimum clinically 
important difference (MCID) in FEV1 varies considerably (100–200 
mL).23 24 While we have found a 170 mL difference in the impro-
vement of FEV1 at 22:00 following mid-afternoon compared with 
the morning dosing regimen, the benefit over the standard twice-
daily regimen was smaller (median +60 mL). However, it is also 
important to note that almost half of participants had >100 mL of 
FEV1 improvement at 22:00 following ODPM than BD dosing. We 
did not demonstrate any difference in ACQ-6 among dosing regi-
mens, likely due to mild symptoms at baseline and short treatment 
duration. Although the MCID in the reduction of blood eosinophil 
counts is unclear, a level of >0.2×109 cells/L has been associated with 
increased asthma exacerbations.25 We observed that mid-afternoon 
dosing improved the MESOR of blood eosinophil counts from over 
0.2×109 cells/L following a twice-daily dosing regimen to under 
this threshold, suggesting mid-afternoon dosing may result in a 
reduction in asthma exacerbation risk compared with twice-daily 
dosing.26,27 However, this could not be confirmed due to the limited 
follow-up period. An efficacy trial with an extended dosing dura-
tion is needed to validate our findings, and to establish the longer-
term impact of chronotherapy in asthma control, exacerbation rates, 
adherence and side effects. Our study population included indivi-
duals with mild-to-moderate allergic asthma and therefore the 
results cannot be extrapolated to other phenotypes.

While mid-afternoon dosing may be complicated by the chal-
lenges around non-adherence in some patients,28 the advantages of 
taking ICS at the optimal timing may overcome some of the identi-
fied barriers (eg, achieving efficacy with lower cost).29 30 Our findings 
also provide key opportunities for novel chronopharmacological 
and chronotherapeutics development,31 32 leading to the possibili-
ties of tailored therapy based on individuals’ preference in timing of 
drug administration and their biological rhythm in disease.

CONCLUSIONS
Mid-afternoon dosing of inhaled BDP better improved nocturnal 
lung function and inflammatory biomarkers compared with the 
alternative dosage timings without additional adrenal suppres-
sion, hence may lead to better clinical outcomes without increasing 

steroid-related morbidity or costs. A future large, real-world chro-
notherapy study framed within the new asthma guidelines,33 using 
formoterol/ICS will determine if afternoon dosing leads to a reduc-
tion in exacerbations, better overall symptom control, health-
economic benefits, and crucially, determine patient preference for 
afternoon dosing.
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RESUMO
Contexto As discrepâncias entre os sexos na associação 
entre tabagismo e o desenvolvimento e prognóstico da 
doença pulmonar obstrutiva crónica (DPOC) são controver-
sas. Testámos a hipótese de que mulheres, em comparação 
com homens, são mais suscetíveis aos efeitos prejudiciais 
do tabagismo em relação à DPOC.
Métodos Identificámos 47.231 homens e 57.806 mulhe-
res a partir do Estudo da População Geral de Copenhaga. 
A quantidade de tabagismo foi avaliada com interação 
por sexo em relação aos desfechos associados à DPOC, 
incluindo associação transversal com obstrução das vias 
aéreas, bronquite crónica e dispneia, analisadas por 
regressão logística, e associação longitudinal com exacer-
bações e mortalidade, analisadas por regressão de riscos 
proporcionais de Cox ajustada para potenciais fatores de 
confusão.
Resultados O aumento do risco de obstrução das vias 
aéreas (N=7367), bronquite crónica (N=9206) e disp-
neia (N=8541) com maior carga tabágica foi maior em 
mulheres do que em homens. Durante 15 anos de acom-
panhamento (mediana de 9,3 anos), o aumento do risco 
de exacerbações (eventos=2756), mortalidade respiratória 
(eventos=711) e mortalidade por todas as causas (even-
tos=10.658) com maior tabagismo também foi maior para 
mulheres em comparação com homens. Em comparação 
com não fumantes, os riscos relativos ajustados (HRs) 
para exacerbações aumentaram de 4,64 (IC 95%: 2,83 
a 7,61) em mulheres com 10 anos-maço para 41,6 (IC 
95%: 28,8 a 60,2) em mulheres com ≥50 anos-maço; e 
de 2,21 (IC 95%: 0,92 a 5,32) em homens com 10 anos-
maço para 23,7 (IC 95%: 12,9 a 43,5) em homens com 
≥50 anos-maço. Os aumentos correspondentes nos HRs 
para mortalidade respiratória foram de 2,04 (IC 95%: 1,27 
a 3,26) a 11,1 (IC 95%: 7,39 a 16,8) em mulheres, e de 
1,09 (IC 95%: 0,62 a 1,92) a 5,66 (IC 95%: 3,96 a 8,11) 
em homens. Para mortalidade por todas as causas, os HRs 
aumentaram de 1,50 (IC 95%: 1,34 a 1,67) a 3,53 (IC 
95%: 3,11 a 4,00) em mulheres, e de 1,62 (IC 95%: 1,45 
a 1,81) a 2,94 (IC 95%: 2,69 a 3,21) em homens.
Conclusões As mulheres parecem ser mais suscetíveis 
aos efeitos prejudiciais do tabagismo no desenvolvimento 
e prognóstico da DPOC em comparação com os homens.

INTRODUCTION
Tobacco smoking stands as the single most impor-
tant risk factor for the development of chronic ob-
structive pulmonary disease (COPD) in large parts 
of the world.1 Despite widespread awareness of this, 
the prevalence of daily smokers remains notably 
high, with rates reported at 18% in the EU and 13% 
in the UK and the USA.2–4 Recently, it was shown 
that even low levels of smoking exposure, below the 
critical threshold of 10 pack-years, can significantly 
increase the risk of severe COPD within 5 years and 
lead to a poor long-term prognosis comparable to 
heavy smokers.5

Over the last two decades in the EU, the preva-
lence of COPD continues to decrease in males, but 

the prevalence in females appears to be increasing, 
and in some countries, the prevalence in females 
now exceeds that in males.6 Furthermore, the risk 
of death from cigarette smoking continues to in-
crease among females, and the increased risks are 
now nearly identical for males and females.7 This 
trend necessitates a reassessment of how smoking 
impacts COPD risk and prognosis across sexes. 
While it has long been hypothesised that males and 
females differ in their susceptibility to the harm-
ful effects of smoking, sex-based differences in the 
association between smoking and the development 
and prognosis of COPD are controversial.8–15 In the 
recent version of the Global Initiative for Chronic 
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uWhile it has long been hypothesised that 
males and females differ in their suscep-
tibility to the harmful effects of smoking, 
sex-based differences in the association 
between smoking and the development 
and prognosis of chronic obstructive pul-
monary disease (COPD) remain contro-
versial.

u We the latest Global Initiative for Chronic
Obstructive Lung Disease (GOLD) docu-
ment calls for further research in this area.

WHAT THIS STUDY ADDS
u By identifying 105 037 randomly selec-

ted individuals from the general popu-
lation, we found that females compared
with males have much more severe dise-
ase with comparable smoking exposures,
manifesting as lower lung function and a
higher risk of airway obstruction, chronic
bronchitis, dyspnoea and a higher risk of
COPD exacerbation and early death.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

uOur findings suggest that females may 
be more susceptible to smoking-related 
harm in both the development and prog-
nosis of COPD than males.

u This indicates that even lower levels of
smoking exposure should be assessed
with greater caution in females than in
males, potentially warranting earlier
intervention or tailored risk assessment.
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Obstructive Lung Disease (GOLD) document, it is suggested that 
more research is needed in this area.16 Understanding sex diffe-
rences in COPD is crucial for developing targeted prevention and 
treatment strategies. In the present study, we tested the hypothesis 
that females compared with males are more susceptible to the de-
trimental effects of smoking in relation to COPD. For this purpose, 
we investigated males and females from the general population to 
determine the association between smoking amount and COPD-
related outcomes.

METHODS
Study design and population
Individuals were selected from the Copenhagen General Popula-
tion Study, an ongoing Danish population-based cohort initiated 
in 2003.17–19 All individuals in Denmark are assigned a unique 
identification number (Central Person Registration number) at 
birth or immigration and recorded in the national Danish Civil 
Registration System.20 We therefore randomly invited individuals 
living in the Capital Region of Denmark from the national Danish 
Civil Registration System to reflect the adult Danish general popu-
lation (response rate ~45%). All participants completed a ques-
tionnaire, underwent a physical examination and gave blood for 
biochemical analyses. All participants provided written informed 
consent.

Smoking amount
Smoking amount was calculated in pack-years at study entry for 
both former and current smokers based on self-reported infor-
mation on duration and amount of consumed tobacco, including 
number of daily consumed cigarettes, cheroots and cigars, and 
grams of weekly consumed pipe tobacco (1 cheroot ~3 g of to-
bacco, 1 cigar ~5 g of tobacco, and 1 cigarette ~1 g of tobacco); a 
pack-year was defined as 20 cigarettes or equivalent smoked daily 
for a year.21 Never-smokers were defined as individuals with no 
history of smoking in any form.

COPD-related outcomes
COPD-related outcomes included measures of disease severity and 
prognosis. For disease severity, we assessed lung function, airway 
obstruction, chronic bronchitis and dyspnoea, with data collected 
at study entry. For prognosis, we included hospitalisations due to 
COPD exacerbation and pneumonia, as well as respiratory and all-
cause mortality, with information collected longitudinally during 
follow-up. Patients with COPD are often hospitalised due to pneu-
monia, which is relevant to the disease course and prognosis. Fur-
thermore, pneumonias are sometimes reported as exacerbations, 
making it important to investigate whether sex differences apply 
similarly or separately to both exacerbations and pneumonias.

Lung function was measured using pre-bronchodilator forced 
expiratory volume in 1 second (FEV1) and forced vital capac-
ity (FVC).22 Airway obstruction was defined as FEV1/FVC <0.70 
and FEV1 <80% predicted. We chose to additionally include FEV1 
<80% of predicted in airway obstruction, as we intended to focus 
on clinically relevant impaired lung function. Predicted values 
were calculated using internally derived reference values based on 
a subsample of over 11 000 healthy, asymptomatic, never-smoking 
individuals without any chronic disease, with age and height as 
covariates, separately for males and females.22

Chronic bronchitis was defined as an affirmative response to the 
question: ‘Do you cough up phlegm from the lungs in the mor-
ning and/or during the day as long as three consecutive months 
each year?’ Dyspnoea was defined as an affirmative response to at 
least one of the following three questions: ‘Do you get breathless 
when walking on level ground with people of the same age?’, ‘Do 
you stop for a breath when walking on level ground in your own 
tempo?’, and/or ‘Do you get breathless when taking a bath or get-
ting dressed?’, corresponding to a value of the modified Medical 
Research Council dyspnoea scale (mMRC) ≥2.

Hospitalisations due to COPD exacerbation (International Clas-
sification of Diseases (ICD)-10: J41−J44) and pneumonia (ICD-10: 

J12−J18) were defined as emergency department visits/hospital ad-
missions with the mentioned primary diagnosis. Information was 
obtained from the national Danish Patient Registry, which records 
all public and private hospital contacts in Denmark, recorded from 
baseline examination until 7 December 2018.23 Information on vi-
tal status was obtained from the national Danish Civil Registration 
System, which contains date of death for all individuals resident in 
Denmark, recorded from baseline examination until 13 December 
2018. Information on the cause of death was obtained from the 
national Danish Causes of Death Registry, which contains date of 
causes of death for all individuals resident in Denmark, recorded 
until 31 December 2016. Death due to respiratory disease (ICD-
10: J00–J99) was based on the underlying cause of death. Since the 
national Danish Causes of Death Registry lags the national Danish 
Civil Registration System by approximately 2 years, not all deaths 
could be classified by cause. All diagnoses recorded in the regis-
tries are strictly made by a medical doctor according to national 
Danish laws using the WHO ICD codes. Since follow-up was done 
using the above-mentioned register linkage based on the unique 
Central Person Registration number provided to everyone at birth 
or immigration, no person was lost to follow-up, and individuals 
who emigrated were censored at the date of emigration.20

Statistical analyses
Wilcoxon’s rank-sum and Pearson’s χ2 tests were used for group 
comparisons. Smoking amount was measured in pack-years for 
both former and current smokers, while never-smokers were as-
signed 0 pack-years in the analyses. Linear regression was used 
to investigate the cross-sectional association between age and 
smoking amount with FEV1 % predicted and FEV1/FVC. Logistic 
regression was used to determine the cross-sectional association 
between smoking amount with risk of airway obstruction, chronic 
bronchitis and dyspnoea by using restricted cubic splines with ne-
ver-smokers without smoking amount as the reference, and three 
knots chosen and placed according to Harrell’s recommendation 
at the 10th, 50th and 90th percentiles. The number of knots was 
chosen with the use of Akaike’s and Bayesian information criteria. 
Cox proportional hazard regression with age as underlying times-
cale (=age adjustment) and left truncation (=delayed entry) was 
used to determine the longitudinal association between smoking 
amount with risk of hospitalisations due to COPD exacerbation 
and pneumonia, and respiratory and all-cause mortality. Multiple 
failure-time analysis was carried out for COPD exacerbation and 
pneumonia using Andersen-Gill, meaning that individuals were 
at risk of recurrent events. Analyses were conducted separately in 
males and females according to smoking amount for all COPD-re-
lated outcomes. The interaction between sex and smoking amount 
was assessed by comparing two models: the unrestricted model, 
which included the interaction term between sex and smoking 
amount, and the restricted model, which did not include the inte-
raction term. To evaluate whether the interaction significantly im-
proved the model, we used the likelihood ratio test to compare the 
fit of the two models. All cross-sectional and longitudinal analyses
were multivariable adjusted for potential confounders believed 
to have importance for disease severity and prognosis in patients 
with COPD, which was collected at baseline examination and in-
cluded age, smoking status (never-smokers, former smoker and 
current smoker), body mass index (BMI), asthma, occupational 
exposure to dust/fumes and socioeconomic status. BMI was cal-
culated as measured weight (kg) divided by measured height in 
squared (m2). Asthma was defined as an affirmative response to 
the question: ‘Do you have asthma?’ Occupational exposure to 
dust/fumes was defined as an affirmative response to the ques-
tion: ‘Have you for longer periods of your working life been ex-
posed to dust or fumes?’ Sociodemographic status was determined 
based on the longest level of education attained after compulsory 
schooling and annual household income. In a sensitivity analysis, 
we adjusted for cardiovascular disease with regard to risk of dys-
pnoea, and cardiovascular disease and cancer with regard to all-
cause mortality. Cardiovascular disease included ischaemic heart 
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disease (ICD-8: 410–414 and ICD-10: I20-I25), atrial fibrillation 
(ICD-8: 427.93–427.94 and ICD-10: I48), heart failure (ICD-8: 
427.09–427.11 and ICD-10: I50) and stroke (ICD-8: 432–435 and 
ICD-10: I60, I61, I63, I64 and G45), identified from the national 
Danish Patient Registry. Cancer included all cancer forms except 
for non-melanoma skin cancers (ICD-7: 140–205 and ICD-10: 
C00-D09), identified from the national Danish Cancer Registry, 
which records all cancers diagnosed in Denmark since 1943. In 
another sensitivity analysis, BMI was treated as a time-varying co-
variate; however, since estimates only varied on second to third 
decimal places, we opted to keep the simpler model using BMI as 
a time-invariant variable. Analyses were performed using STATA/
SE V.15.1 for Windows (StataCorp, College Station, Texas, USA), 
and a two-sided p value <0.05 was considered significant.

RESULTS
In total, 105 037 individuals were included from the Copenhagen 
General Population Study, of whom 47 231 (45%) were males and 
57 806 (55%) were females, examined in the period from Novem-
ber 2003 until April 2015. Characteristics are presented in table 
1. Males were slightly older (median age 58.9 vs 57.5 years), had
higher height and weight (179 vs 166 cm and 84.2 vs 68.0 kg),
more often active smokers (18% vs 16%), and had higher smo-
king amount (20.0 vs 12.3 pack-years) compared with females. In
contrast, females had slightly higher lung function and more often
asthma (7% vs 5%) compared with males.

Characteristics according to the presence of airway obstruction 
are provided in online supplemental table S1. Among those with 
airway obstruction, males were slightly older (median age 67.8 vs 
65.7 years), had higher smoking amount (37.5 vs 27.9 pack-years), 
but no difference in active smoking (36% vs 36%) compared with 
females. In contrast, females had slightly higher lung function and 
more often asthma (21% vs 18%) and dyspnoea (28% vs 25%) but 
had less chronic bronchitis (22% vs 28%) compared with males.

Sex differences in smoking amount and COPD disease severity
Interestingly, higher age was associated with lower FEV1 % pre-
dicted in males but higher FEV1 % predicted in females after mul-
tivariable adjustment (figure 1, upper panel). As expected, higher 
age was associated with lower FEV1/FVC in both males and fe-
males (figure 1, lower panel). Compared with females, FEV1 % pre-
dicted was lower and FEV1/FVC higher with higher age in males 
(P for interaction <0.0001). 

Higher smoking amount was associated with lower FEV1 % pre-
dicted and FEV1/FVC in both males and females after multivari-
able adjustment (figure 2). An interaction analysis showed lower 
lung function in females versus males with the same smoking 
amount (P for interaction <0.0001). FEV1 % predicted decreased 
by 2.00% (95% CI 1.90% to 2.10%) on average per 10 pack-years 
higher smoking amount in all individuals, with an additional de-
crease in females compared with males of 0.82% (95% CI 0.68% 
to 0.96%). Consequently, FEV1/FVC, on average, decreased from 
0.77 (95% CI 0.77 to 0.77) in females with 10 pack-years of smo-
king to 0.72 (95% CI 0.72 to 0.73) in females with 50 pack-years 
of smoking, and from 0.77 (95% CI 0.77 to 0.77) in males with 10 
pack-years of smoking to 0.74 (95% CI 0.74 to 0.74) in males with 
50 pack-years of smoking.

A total of 7367 (7%) individuals had airway obstruction, 9206 
(9%) had chronic bronchitis and 8541 (8%) had dyspnoea. After 
multivariable adjustment, a higher smoking amount was associa-
ted with an increased risk of airway obstruction, chronic bronchi-
tis and dyspnoea in both males and females (figure 3). However, 
interaction analyses indicated an even higher risk in females versus 
males with the same smoking amount (P for interaction <0.0001 
for airway obstruction and chronic bronchitis and P for interac-
tion=0.03 for dyspnoea). Nonetheless, the specific patterns were 
different for the outcomes with gradually increasing differences 
in estimates between females and males with higher smoking 
amounts for airway obstruction (≥10 pack-years) and dyspnoea 

(≥30 pack-years), whereas the estimates for chronic bronchitis 
showed a more complex pattern. Results for dyspnoea were simi-
lar when adjusting for cardiovascular disease (online supplemental 
figure S1).

Sex differences in smoking amount and COPD prognosis
During 15 years of follow-up (median 9.3 years), we recorded 2756 
COPD exacerbations, 7878 pneumonias and 10 658 deaths, of 
which 711 had respiratory disease as underlying cause. Follow-up
times were similar between males and females, with no difference 
in total follow-up duration (15 years) and a small difference in me-
dian follow-up times (9.1 vs 9.5 years). A higher smoking amount 
was associated with an increased risk of COPD exacerbation, 
pneumonia and respiratory, and all-cause mortality, and there was 
an interaction with sex for all outcomes except for pneumonia (fig-
ure 4). Compared with never-smokers, multivariable adjusted HRs
for COPD exacerbation increased from 4.64 (95% CI 2.83 to 7.61) 
in females with 10 pack-years of smoking to 41.6 (95% CI 28.8 
to 60.2) in females with ≥50 pack-years of smoking, and from 
2.21 (95% CI 0.92 to 5.32) in males with 10 pack-years of smo- 
king to 23.7 (95% CI 12.9 to 43.5) in males with ≥50 pack-years of 
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smoking. Corresponding HR increases with increasing smoking 
amount for pneumonia were 1.54 (95% CI 1.32 to 1.79) to 3.59 
(95% CI 3.01 to 4.27) in females and 1.36 (95% CI 1.14 to 1.61) to 
2.96 (95% CI 2.57 to 3.40) in males, for respiratory mortality were 
2.04 (95% CI 1.27 to 3.26) to 11.1 (95% CI 7.39 to 16.8) in females 
and 1.09 (95% CI 0.62 to 1.92) to 5.66 (95% CI 3.96 to 8.11) in 
males, and for all-cause mortality were 1.50 (95% CI 1.34 to 1.67) 
to 3.53 (95% CI 3.11 to 4.00) in females and 1.62 (95% CI 1.45 to 
1.81) to 2.94 (95% CI 2.69 to 3.21) in males, respectively. Results 
for all-cause mortality were similar when adjusting for cardiovas-
cular disease and cancer (online supplemental figure S2).

DISCUSSION
In a population-based cohort of 105 037 individuals, we tested the hy-
pothesis that females compared with males are more susceptible to 
the detrimental effects of smoking in relation to COPD. Our findings 
indicate that females compared with males have much more severe di-
sease with comparable smoking exposure, manifesting as lower lung 
function and a higher risk of airway obstruction, chronic bronchitis 
and dyspnoea. Furthermore, females compared with males exhibit a 
poorer prognosis with higher smoking exposure, including a higher 
risk of COPD exacerbation and early death. These results indicate that 
females seem more susceptible to the detrimental effects of smoking 
in development and prognosis of COPD compared with males.

Potential mechanisms explaining increased susceptibility to 
smoking effects in females may be related to the anatomy of the 
respiratory system. Airway lumen sizes are smaller in females than 
in males even after accounting for height and lung sizes, suggesting 
that this lower airway lumen may enhance toxic effects of smo-
king and hence lead to the increased risk of developing COPD and 
the following poor prognosis.24 25 This hypothesis is further sup-
ported by the fact that even with chronic smoking exposure over 
several decades, the lumen size remains lower in females.24 Fur-
thermore, sex differences in breathing mechanics while smoking, 
and the way cigarette smoke is inhaled and distributed throughout 
the lungs, may also contribute to the increased susceptibility in fe-
males. Females tend to preferentially engage the rib cage with less 
contribution from the abdomen when smoking, whereas males 
predominantly engage the abdominal compartment.26 As a result, 
females exhibit greater inspiratory rib cage muscle involvement 
and volume expansion during resting breathing compared with 
males, likely reflecting an improved mechanical advantage provi-
ded by the greater inclination of the ribs. This difference may lead 
to higher exposure to the harmful effects of smoking in females 
compared with males.

Another potential mechanism for the observed sex differences 
in COPD susceptibility may be related to hormonally mediated 
differences. In a mouse model of COPD, smoking exposure led 
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to increased small airway remodelling and peripheral airway ob-
struction in female mice compared with male mice, while male 
mice had predominantly more emphysema, and these sex diffe-
rences diminished following ovariectomy, indicating that female 
sex hormones in relation to smoking exposure may influence the 
development and progression of COPD.27

Previous studies on sex-based differences in the association 
between smoking and COPD have been controversial.8–15 In a 
Danish longitudinal population study with 13 897 individuals, 
females compared with males displayed lower lung function 
and higher risk of hospitalisation due to COPD with similar 
smoking amount, but there was no sex interaction.12 In the 
Vlagtwedde-Vlaardingen Study with 4554 individuals, higher 
smoking amount was associated with higher lung function de-
cline in females compared with males, which also showed sig-
nificant sex interaction with a higher decline in females.15 In 
the UK Biobank with 249 327 individuals, females compared 
with males had a higher risk of airway obstruction with similar 
smoking amounts.28 We now demonstrate that females com-
pared with males have a lower lung function and higher risk 
of airway obstruction, chronic bronchitis and dyspnoea with 
higher smoking exposure. Furthermore, females compared 
with males have a higher risk of COPD exacerbation and early 
death with higher smoking exposure. Females not only appear 
to be more susceptible to the detrimental effects of smoking in 

terms of COPD development, but they also seem to experience 
a worse COPD prognosis compared with males.

Interestingly, in the COPD Cohorts Collaborative International 
Assessment (3CIA) initiative, which included approximately 17 
000 individuals with COPD from 22 cohorts from various coun-
tries, including Denmark, females were reported to experience 
more dyspnoea and frequent exacerbations but had better survival 
compared with males, which may seem paradoxical when com-
pared with our present findings.29 A potential contributing factor 
may be that males reported a higher smoking amount than fe-
males (mean 47.8 vs 33.3 pack-years), and survival analyses were 
only adjusted for smoking status but not for amount. Hypotheti-
cally, if both males and females with COPD had similar smoking 
amounts, our findings suggest that females might be more affected 
than males. 

Strengths of the present study include a sample size of 105 037 
randomly selected individuals, with comprehensive information 
to assess both the severity and prognosis of COPD. 

A potential limitation is that post-bronchodilator spiro- 
metry was not available, thereby making it difficult to assess the 
type of airway obstruction, whether it is persistent or reversible. 
Some individuals may have a reversible form of airway obstruc-
tion suggesting undiagnosed/uncontrolled asthma. However, 
pre-bronchodilator airway obstruction has been shown to iden-
tify high-risk individuals with COPD before, as demonstrated in 
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the Copenhagen General Population Study,30 and similar fin-
dings have recently been reported in the SPIROMICS cohort.31 
In addition, airway obstruction was defined using FEV1<80% 
predicted, which included only cases with moderate to severe 
disease, and we primarily focused on higher smoking exposure 
well beyond 10 pack-years, consistent with inclusion criteria 
used in randomised controlled trials for COPD. Nonetheless, 
results remained consistent when considering other COPD-re-
lated disease measures such as chronic bronchitis, dyspnoea with 
mMRC ≥2, severe exacerbations and mortality. Thus, we believe 
we have effectively addressed various clinical aspects of COPD. A 
severe COPD exacerbation diagnosis has previously been shown 
to have a high positive predictive value of 92% for the diagnosis 
of COPD.32 Another potential limitation is that we did not have 
information on indoor or outdoor air pollution.

The clinical implications of our findings are that we need to 
be more aware of the importance of recognising and addressing 

sex differences in the prevention, diagnosis and management of 
COPD. Our study suggests that females compared with males ap-
pear more susceptible to the detrimental effects of smoking in 
both the development and prognosis of COPD. Our findings also 
highlight the need for further research to elucidate the underly-
ing mechanisms driving the observed sex inequalities in smo-
king exposure and COPD susceptibility. By better understanding 
these mechanisms, we can develop more effective strategies for 
early detection, personalised treatment and improved outcomes 
for all patients with COPD. 

In conclusion, our study suggests that females seem more sus-
ceptible to the detrimental effects of smoking in development 
and prognosis of COPD compared with males.
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RESUMO
Contexto A perda de massa muscular e a fraqueza (sar-
copenia) são comumente associadas à Doença Pulmonar 
Obstrutiva Crónica (DPOC), causando fragilidade e redu-
ção da qualidade de vida. A contribuição da inflamação 
para a perda muscular e a suscetibilidade à rápida queda 
da função pulmonar ainda é debatida. A nossa hipótese 
foi que a comparação entre o transcriptoma muscular e os 
perfis de citocinas inflamatórias circulantes em doentes 
poderia identificar qualquer contribuição da inflamação 
sistémica para a atrofia muscular.
Métodos A expressão génica diferencial no músculo 
quadríceps foi determinada entre doentes com DPOC 
leve (n=28) e DPOC grave (n=51) usando o conjunto de 
dados GSE100281. Esses dados de microarranjo foram 
comparados por correlação biweight mid com a função 
pulmonar e os níveis plasmáticos de citocinas dos mes-
mos doentes.
Resultados Doentes com DPOC grave apresentaram 
menor índice de massa livre de gordura (medida da 
massa muscular) em comparação com doentes com DPOC 
leve, apesar de níveis semelhantes de atividade física e 
citocinas inflamatórias. Conjuntos de genes associados 
à inflamação e à transição epitelial-mesenquimal (EMT) 
estavam elevados na DPOC grave, sugerindo que a infla-
mação pode contribuir para a perda de massa muscular.
Em doentes com DPOC grave, os conjuntos de genes 
de EMT e inflamação estavam fortemente associados a 
citocinas pró-inflamatórias e anti-inflamatórias circulan-
tes. No entanto, em doentes com DPOC leve, as citocinas 
anti-inflamatórias mostraram associações negativas com 
esses conjuntos de genes, e as associações com citocinas 
pró-inflamatórias foram fracas. Em dados de amostras de 
pulmão e sangue, doentes com DPOC grave apresenta-
ram expressão génica inflamatória e de EMT elevada em 
comparação com doentes com DPOC leve, sugerindo que 
esse fenómeno não é específico do músculo.
Conclusões Em doentes no extremo grave do espectro 
da DPOC, predomina a resposta pró-inflamatória no mús-
culo, enquanto em doentes no extremo leve, predomina 
a resposta anti-inflamatória. Essa hipótese precisa ser 
confirmada em uma coorte longitudinal.

INTRODUCTION
Muscle loss limits the functional capacity of 
patients with Chronic Obstructive Pulmonary dis-
ease (COPD) and other chronic diseases, reducing 
their ability to perform the tasks of daily living, 
their quality of life and lifespan.1

Chronic inflammation is common to diseases 
that lead to muscle wasting,2 including COPD. 
Inflammation increases protein turnover, increas-
ing blood urea nitrogen, leading to a negative nitro-
gen balance,3 and inflammatory cytokines promote 
protein breakdown in both in vitro and in vivo stu-
dies.4–6 While inflammation is likely to play a key role 
in COPD-associated muscle loss, some studies show 
associations of circulating inflammatory cytokines 
with muscle loss, whereas others do not.7 8 There are 
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several potential reasons for this variability. First, 
inflammation is not the only proposed mechanism 
of muscle loss, with inactivity, oxidative stress and 
malnutrition all proposed as important regulators.9 
Second, there is significant interplay between these 
mechanisms, with inflammatory cytokines reducing 
appetite and activity, altering mood and motiva-
tion, and increasing oxidative stress.10 Each of these 
responses adds variability to the data, with diffe-
rent individuals having different changes in activity, 
for example, for a given inflammatory load. Third, 
there are multiple potential inflammatory media-
tors which can contribute to the loss of muscle mass, 
making it difficult to identify the effects of individual 
cytokines. Fourthly, each factor (inflammation, inac-
tivity, etc) may have greater relative importance at 
different stages of the disease. Lastly, some cytokine 
components of the inflammatory response have 
anti-inflammatory activity,11 so the relative levels of 
proinflammatory and antiinflammatory cytokines 
determine the responses of target tissues.

Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

u Inflammation plays a key role in the
pathogenesis of COPD and sarcopenia
associated with various diseases. However,
the role that individual susceptibility to
inflammation plays in COPD disease
progression and associated sarcopenia is
poorly understood.

WHAT THIS STUDY ADDS
uCorrelation of the transcriptomes of mus-

cle and lung in patients with mild and 
severe COPD with markers of bloodborne 
inflammation suggests that patients with 
mild COPD may be relatively protec-
ted by an anti-inflammatory profile and 
patients with severe COPD are relatively 
susceptible to circulating proinflamma-
tory mediators.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uThis study suggests that it may be possible 
to select susceptible patients for early anti-
inflammatory intervention to prevent 
muscle atrophy and progressive COPD. 
Longitudinal studies and further investi-
gation of individual pathways are required 
to validate our findings.
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Furthermore, individuals are likely to have different intrinsic 
sensitivities to inflammatory stimulus in the muscle and other tis-
sues.12,13 Mechanisms that could affect sensitivity include different 
levels of expression of receptors or signalling intermediates that 
affect the signal provided by a given amount of cytokine. Such vari-
ation is likely to be both genetically and environmentally deter-
mined. Consistent with such a suggestion, analyses of individual 
polymorphisms and a meta-analysis of Genome Wide Association 
Study (GWAS) data have implicated toll-like receptors14–16 as well 
as interleukins and their receptors17–19 as susceptibility loci for 
lung function and rate of lung function decline. A meta-analysis of 
GWAS data also implicated transcription factors including NF-Kb1, 
signal transducer and activator of transcription (STAT) 1, 2 and 6, 
KLF4, 12 and 16 that are involved in inflammatory responses.12

The changes in protein turnover and gene expression that 
cause muscle loss are likely to reflect a co-ordinated programme 
of responses to the circulating milieu. We hypothesised that the 
altered programme may be elucidated by comparing levels of cir-
culating cytokines with the skeletal muscle transcriptome, thereby 
getting a more detailed picture of the changes in gene expression 
that any individual cytokine is responsible for. We have previ-
ously measured a panel of inflammatory cytokines in the plasma 
of well-phenotyped patients with COPD20 and separately quanti-
fied the skeletal muscle transcriptome by microarray in the same 
patients.21 However, we have not previously combined these data 
sets. We, therefore, compared plasma cytokine levels with the qua-
driceps transcriptome to determine the relative importance of each 
cytokine to skeletal muscle phenotype. Subsequently, we obtained 
published transcriptome data from studies of lung and blood in 
patients with COPD, where relative disease severity or lung func-
tion data were also available, and compared gene expression pro-
files within these data sets for validation.22 23

METHODS
Patients
The subjects in this study are subsets from a previously reported 
cohort of patients with COPD.24 The inclusion and exclusion cri-
teria and descriptions of the physiological analysis have been de-
scribed previously.24 Biopsies of the vastus lateralis were taken by 
Bergstrom needle and plasma prepared from whole blood at the 
same visit. The methodology for the assessment of all clinical and 
lung function parameters (forced expiratory volume in 1 s and ca-
pacity of the lung for the transfer of carbon monoxide (FEV1 and 
TLCO)), exercise capacity (6 min walk distance) as well as physi-
cal activity (time spent moving) is described in the previous pub-
lications.24–26 The demographics of the whole cohort and for the 
microarray cohort are given in online supplemental tables S1 and 
S2, respectively.

Inflammatory cytokines and CRP were quantified in plasma 
samples as previously described.20 The methodology and initial 
analysis of muscle fibre type has been described,24 as has the gen-
eration and overall analysis of the RNA isolated from the same 
patients.21

Statistical analysis
Patients were divided into two groups based on Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) criteria: GOLD 1 
or 2 as mild and GOLD 3 or 4 as severe COPD.

Normality of variables within each group was determined by 
the Shapiro-Wilk test. Differences in phenotypic variables across 
the three groups (control, mild and severe) were determined by 
analysis of variance in Aabel 3.0 for normally distributed vari-
ables using the Dunn-Bonferroni correction for multiple testing. 
For phenotypic variables that did not show a normal distribution, 
these groups were compared using the Kruskal-Wallis test in SPSS 
V.24 with a Dunn-Bonferroni correction.

Bioinformatic analysis
The muscle microarray data were generated using Affymetrix Hu-
man Gene 1.1 ST microarray (covering 20 926 different genes). 
The data have been published21 and are available as GSE100281. 

Data for all 79 patients with COPD were used in this study (28 
mild COPD and 51 severe COPD). Differences in gene expression 
between groups were determined using the R package LIMMA 
(Linear Models for Microarray Data) and the output loaded into 
GSEA (Gene Set Enrichment Analysis) using fold difference as the 
ranking metric. Significance of gene set enrichment is presented 
as false discovery rate calculated within the GSEA programme to 
account for gene set size as described.27

To identify differentially enriched gene sets, the rank order was 
compared with the Hallmark gene sets. To identify gene associa-
tions with circulating cytokines and TLCO % predicted, gene ex-
pression data for the relevant patients was compared with cytokine 
levels using biweight mid correlation in the R package Weighted 
Genome Co-expression Network Analysis. The correlation coef-
ficient was then used as the ranking metric in GSEA again using 
comparison with the Hallmark gene sets (see online supplemental 
methods). 

Lung biopsy and whole blood RNA data were downloaded from 
previously published datasets (GSE6981822 and GSE7122023, re-
spectively). GSE69818 is a microarray study of lung tissue from 
patients requiring transplantation or cancer resection, and for our 
study, it was analysed by including all samples (n=70, 51 mild and 
19 severe) and by selecting only those with emphysema to remove 
potential bias (n=38, 22 mild and 16 severe). The array was run 
using the Affymetrix GeneChip Human Genome U219 of 19 943 
genes. GSE71220 is a study of whole blood from patients with 
COPD comparing the effect of statins on gene expression profile. 
Gene expression was profiled using the Affymetrix Human Gene 
1.1 ST microarray covering 20 926 different genes. Only those not 
taking statins were selected (n=451) to remove any effect of the 
drug from the result. Each data set was divided into mild and se-
vere COPD based on GOLD grade and analysed using LIMMA 
and GSEA as described above.

RESULTS
Comparisons of muscle gene expression between patients with 
COPD and controls may be complicated by differences in physi-
cal activity. Comparison of activity between healthy controls, mild 
COPD and severe COPD groups showed that both patient groups 
had reduced locomotion time and movement intensity, but there 
was no difference in these measures of activity between the two 
patient groups (figure 1A,B). Comparison of body composition 
of these three groups showed that patients with mild COPD had 
similar fat-free mass index (FFMI) to controls, but a higher FFMI 
than patients with severe COPD. They also had a higher fat mass 
index (FMI) than patients with severe COPD (figure 1C,D). Con-
sequently, comparing gene expression profiles between mild and 
severe COPD will identify differences in muscle gene expression 
associated with FFMI in the absence of the effects of activity.

Differential gene expression analysis in muscle biopsies followed 
by GSEA showed increased expression of gene sets associated with 
the epithelial mesenchymal transition (EMT) and inflamma-
tion (tumour necrosis factor alpha (TNF-α) signalling) in severe 
COPD compared with mild COPD (table 1), an observation sup-
ported by GSEA following correlation of the transcriptome with 
TLCO%pred (online supplemental table S3). The enrichment for 
inflammatory gene sets occurred without a difference in circula- 
ting inflammatory cytokine levels between mild and severe pa-
tients (online supplemental table S4A, B). Consequently, the circu-
lating inflammatory milieu did not account for increased inflam-
matory signalling in the muscle of patients with severe COPD.

To identify mechanisms contributing to the differences in mus-
cle inflammatory response between patients with mild and severe 
COPD, we correlated cytokine levels with gene expression measu-
red by array. In patients with severe COPD, for both proinflamma-
tory and anti-inflammatory cytokines (table 2 and online supple-
mental tables S5–S11), genes ranked by correlation coefficient with 
the cytokine showed positive enrichment for the EMT and inflam-
matory gene sets (TNF-α signalling, interferon signalling and IL6 
signalling). Conversely, in patients with mild COPD, the proin-
flammatory cytokines showed no or a weak positive enrichment 
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for inflammatory gene sets with a reduced net enrichment score 
(NES) and at lower statistical significance compared with that in 
patients with severe COPD (table 2 and online supplemental tables 
S5–S11), whereas the anti-inflammatory cytokines showed nega-
tive enrichment for inflammatory gene sets (table 2). Although 
gender distribution did not differ between the groups, to ensure 
that there were no effects of differences between males and females, 
the analysis was repeated within males alone (as this group was 
large enough). This showed similar results (online supplemental 
results and online supplemental figure S1 and online supplemental 
tables S12–S16) with one addition where mild patients had higher 
fat mass than severe patients and controls, perhaps suggesting that 
in these individuals, the relative inactivity promoted fat accumula-
tion. These data suggest that in patients with mild COPD, the anti-
inflammatory response is sufficient to suppress muscle inflamma-
tory signalling, whereas in severe COPD, the proinflammatory 
signal predominates.

The lack of difference in circulating cytokines between patients 
with mild and severe COPD suggests that severe patients have a 
greater response to circulating proinflammatory cytokines than 
patients with mild COPD or a weaker response to anti-inflam-
matory cytokines. Analysis of the inflammatory gene set with the 
greatest positive enrichment with TLCO%pred (IL6/JAK/STAT3 
signalling) showed that the strongest associations of individual 
genes with TLCO%pred included inflammatory cytokine receptors 
(TNFRSF21, IL1R2, oncostatin M receptor (OSMR), TNSFR12A) 
and signal transducer/adaptor proteins (IRF1, signal transducing 
adaptor molecule 2 (STAM2), STAT1 and STAT2) (online supple-
mental figure S2 and table S17). Further analysis showed that the 
IL31 receptor (IL31RA), a coreceptor with OSMR, also associated 
with TLCO% pred but was not annotated in the IL6/JAK/STAT 
gene set (figure 2). Consistent with a role for inflammatory signal-
ling in muscle wasting, IL31RA expression and STAM (a protein 

involved in cytokine receptor signalling) were inversely propor-
tional to FFMI (online supplemental figure S2).

It is possible that increasing disease severity promotes the ex-
pression of inflammatory gene sets or that differences in gene ex-
pression cause individuals to progress through disease at different 
rates. As patients with severe disease must have had mild disease 
at some point, those with severe disease should be older than those 
with mild disease for a given level of smoking. However, despite 
similar smoking histories, patients with mild disease were older 
than those with severe disease, suggesting that the mild disease 
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group was enriched for patients more resistant to the initiation or 
progression of the disease (online supplemental tables S1 and S2).

As the transcription factor MYC promotes EMT28 and MYC 
targets were also positively enriched in association with TLCO%pred, 
we compared MYC expression with the rest of the transcriptome. 
Positively enriched gene sets included the EMT, MYC targets and 
the inflammatory gene sets for TNF-α signalling, IL2 and IL6 sig-

nalling as well as interferon signalling (online supplemental table 
S18). MYC expression was directly associated with IL31RA, OSMR 
expression as well as with MCP-1 and IL6 expression (online sup-
plemental figure S3). We next examined published data sets for 
lung and blood from patients with COPD, where we could separate 
the patients into mild and severe disease. Differential gene expres-
sion analysis of lung biopsies (GSE69818) again showed enrich-
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ment for inflammatory gene expression gene sets, the EMT and 
MYC (table 3). This analysis was repeated using data only from 
those with emphysema, and the same results were obtained (on-
line supplemental table S19). A similar differential gene expression 
analysis of RNA isolated from the blood of patients not receiving 
statins taken from GSE71220 also showed enrichment for inflam-
matory gene sets with the EMT also among the gene sets with an 
FDR<0.05 (table 4). As these data sets did not include values for 
plasma cytokines, we were not able to reproduce that analysis in 
these additional sets. Consequently, gene expression profiles from 
three tissues (muscle, lung and blood) in severe COPD show rela-
tively greater inflammatory responses and increased EMT com-
pared with mild COPD.

DISCUSSION
In this study, we analysed differences in gene expression profiles in 
patients with moderate and severe COPD to elucidate the associ-
ated loss of muscle mass in these patients. We initially showed that 
patients with more severe disease had a lower FFMI and FMI than 
patients with mild disease despite similar levels of physical activity. 

The lower FFMI and FMI in more severe disease is consistent with 
ECLIPSE, where patients with GOLD 4 COPD had a lower FFMI 
and BMI than those with GOLD 2 COPD.29

Gene expression profiles from quadriceps muscle biopsies in 
mild and severe COPD showed positive enrichment for inflam-
matory gene subsets (including TNF-α and IL6-STAT signalling), 
EMT and negative enrichment for gene sets associated with mi-
tochondrial functions (fatty acid metabolism and oxidative phos-
phorylation). While the quadriceps of severe patients had a greater 
inflammatory load than those of mild patients, there were no dif-
ferences in circulating levels of inflammatory cytokines between 
the two groups. The lack of difference in cytokines is not consis-
tent with some studies which have reported an association of in-
flammatory cytokines with FEV1% predicted,30 31 in particular IL6. 
However, in the ECLIPSE study of over 1700 patients with COPD, 
there was no association with IL6 or TNF-α with baseline FEV1 
and a positive association with IL8.32 Consistent with the variable 
findings from these data sets, the effect of actual levels of cytokines 
is likely to be small. Bradford et al estimate that IL-6 accounts for 
4%–5% of the variability in FEV1% predicted; consequently, our 
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study is underpowered to find such differences. However, our data 
add to the role of cytokines like IL-6 and IL-1b in COPD patho-
genesis by suggesting that some individuals have a larger response 
to the same level of cytokine than others. This variability in re-
sponse will reduce the observed association of any individual cy-
tokine with disease progression. In our data set, the inclusion of 
controls produced negative associations of cytokines with FEV1 % 
predicted indicative of systemic inflammation (online supplemen-
tal table S3), but these were not present when the controls were 
excluded. 

In severe patients, both proinflammatory and anti-inflammatory 
cytokines were positively associated with inflammatory response 
gene sets, whereas in mild patients, anti-inflammatory cytokines 

were negatively associated with the same gene sets. These data im-
ply either that patients with severe COPD are more sensitive to 
proinflammatory cytokines than those with mild COPD or that 
they are less sensitive to anti-inflammatory cytokines. Compari-
son of gene expression profiles in blood and lung samples implied 
that this difference in inflammatory sensitivity was not limited to 
skeletal muscle. This greater responsiveness of patients with severe 
COPD to inflammatory stimuli appears to lead to more rapid loss 
of muscle.

Consistent with greater sensitivity to proinflammatory signals, 
patients with more severe disease had higher expression of inflam-
matory cytokine receptors and signal transducers, and expression 
of IL31RA and STAM not only contributed to inflammatory gene 
sets associated with lung function, but also associated negatively 
with FFMI.

In muscle and lung tissue, in addition to the inflammatory gene 
and EMT gene sets, gene sets associated with the transcription fac-
tor MYC were also enriched in those with more severe disease. 
MYC promotes both the EMT and inflammation, and in muscle, 
we found that MYC expression was proportional to MCP-1, IL6, 
IL31RA and OSMR expression. In the blood, the associations with 
MYC gene sets were in the opposite direction with higher expres-
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sion in those with mild COPD. Our analysis showing increased 
inflammatory gene expression from IL6/STAT/JAK and TNF-α 
signalling pathways and reduced expression of MYC gene sets in 
the blood of patients with severe COPD is consistent with a study 
developing a blood transcriptional risk score for decline in lung 
function and susceptibility to COPD.33 The mechanisms causing 
differences in enrichment for the MYC gene sets in blood and 
muscle/lung are unclear, but it seems likely that they reflect dif-
ferences in the role of MYC in the tissues in response to disease.

The increased expression of EMT genes is likely to reflect a fi-
brotic response that is part of an overall ‘repair’ response of the tis-
sue to injury. Our previous study showed that patients with COPD 
have a significant increase in genes associated with the extracel-
lular matrix and repair, including periostin (POSTN), a gene that 
contributes to the EMT gene set we identify here.21 The coagula-
tion gene set was also enriched. This data set may also reflect a 
role in repair/fibrosis, as has been suggested in fibrosis in chronic 
inflammatory conditions.34 35

We cannot determine whether patients become more sensitive 
to inflammation as disease progresses or whether those that are 
intrinsically more sensitive progress through the disease more ra-
pidly. However, several lines of evidence point towards the latter. 
First, patients with severe COPD must have had mild disease at 
some point, suggesting that they should be older than those with 
mild COPD. In our cohort, the reverse was true despite similar 
levels of smoking. Furthermore, the rate of change in FEV1 in 
patients with COPD has been shown to be very variable.32 In the 
cohort analysed for lung cell gene expression, neither age nor smo-
king status was reported, and in the cohort analysed for blood cell 
gene expression, age did not differ between those with mild and 
those with severe COPD, but there were no data relating to smo-
king history. In the ECLIPSE study, there was no difference in the 
ages of individuals with more severe COPD than those with mild 
COPD.29 Second, the observation is consistent across three tissue 
types, suggesting that this feature is not unique to muscle. Finally, 
polymorphisms in inflammatory genes have been associated with 
the development of COPD. Indeed, ingenuity pathway analysis of 
data from the GWAS meta-analysis identified not only inflamma-
tory gene sets (eg, STAT3 signalling, IL8 signalling, IL15 produc-
tion) but also those associated with EMT, wound healing and MYC 
mediated apoptosis signalling.12

Our data have most relevance to muscle loss and suggest that 
inflammation is a key component of muscle loss in COPD. It is in-
teresting that despite markedly lower activity levels, patients with 
mild COPD had similar FFMI to controls. Indeed, the tendency of 
these patients to have a higher FMI suggests that inactivity con-
tributes to adiposity. In patients with severe COPD, both FFMI 
and FMI are reduced compared with patients with mild COPD 
despite similar levels of activity, indicating that these patients are 
sarcopenic. 

The greatest association with inflammatory response gene sets in 
the muscle was shown by IL1β, suggesting that it is a major driver 
of the inflammatory response in severe COPD. However, the in-
crease in IL1ß compared with controls is small, making it possible 
that IL1ß is just correlating with other more important cytokines. 
Alternatively, it is possible that the response observed in people with 
severe disease is the combined response to all the proinflammatory 
cytokines present. Consistent with this observation, several studies 
have also linked individual cytokines or combinations with muscle 
mass in studies of patients with chronic disease, whereas other stu-
dies have failed to find such an association.36–39

The strongest association of disease severity with receptor ex-
pression was with IL31RA and its coreceptor OSMR, raising the 
possibility that IL31 and/or oncostatin M (OSM) are important 
regulators of muscle wasting. Unfortunately, we were unable to 
quantify IL31 or OSM in the blood of these patients as we no longer 
have the appropriate samples. IL31RA is expressed in a restricted 
range of tissues including peripheral blood lymphocytes and ske-
letal muscle (https://www.proteinatlas. org/ENSG00000164509-
IL31RA/tissue). It is, therefore, possible that IL31 promotes muscle 

atrophy either directly or through the recruitment of lymphocytes 
that subsequently promote atrophy through other pathways. How-
ever, to our knowledge, the contribution of IL31 to muscle wasting 
has yet to be tested. By contrast, OSM promoted muscle atrophy in 
vitro and in murine models40 and may contribute to muscle was-
ting in cancer.41 Furthermore, increased OSM was detected in pa-
tients with COPD and in a recent study of inflammatory markers 
in patients with COPD, OSM-associated pathways were implicated 
in the pathology of COPD, although OSM itself was not quanti-
fied.42 The role of these proteins in COPD-associated muscle was-
ting, therefore, remains to be determined.

As indicated above, the patients with more severe disease had 
lower expression of genes associated with mitochondrial function 
(oxidative phosphorylation and fatty acid metabolism). Further-
more, a negative association of these mitochondrial genes with 
several of the cytokines was present within the severe disease 
group (eg, with IL2, IL8, interferon-γ gamma and TNF-α, online 
supplemental tables S5 and S9–S11). Mitochondrial dysfunction 
is associated with muscle loss in a range of conditions including 
COPD.43 44 The associated reduction in energy provision may well 
contribute to wasting and will also contribute to the reduced exer-
cise capacity of the patients. Our previous studies have shown that 
quadriceps expression of miRNAs that promote mitochondrial ri-
bosome stress leading to mitochondrial dysfunction is inversely 
proportional to lung function in these patients providing a pos-
sible mechanism.45 46 Whether these miRNAs are regulated by in-
flammatory cytokines remains to be established, but the data pro-
vided in this paper suggest that identifying individual associations 
of any individual cytokine would be complicated by the sensitivity 
of individuals to the stimulus.

Several anti-inflammatory agents have been trialled in COPD 
with limited success.47 48 Targets included IL-1β, which we show 
here is the agent with the strongest association with muscle inflam-
matory gene signalling. Negative results of these studies may in-
dicate the limited importance of inflammation in the progression 
of COPD, contrary to our suggestion. However, there are several 
other potential reasons for the apparent failure of this approach. 
The first is kinetics: the trials may simply not have been long 
enough to reach their primary end points. The second is whether 
inhibiting inflammation can reverse damage already done, as im-
provement in lung function is one end point that has been tested. 
Stabilising function may be the best that can be achieved with this 
approach. Third, in terms of muscle mass, the studies done to date 
have focused on lung function rather than muscle mass, making it 
possible that antagonism of IL-1 signalling may improve muscle 
mass but not affect lung function. Finally, the data from this paper 
raise the possibility that only a subset of patients would respond 
significantly to anti-IL1 therapy so that preselection of responsive 
patients might show beneficial effects of such therapy.

Limitations of the study
This study is cross-sectional so does not demonstrate causative ef-
fects of the changes in gene expression and the association with 
FFMI. To further understand this process, analysis of the muscle 
inflammatory profile in younger individuals with early-stage COPD 
followed by a longitudinal assessment of their disease progression 
and muscle atrophy would provide the next step. It would then be 
possible to determine the effect of inhibiting inflammation in those 
with the greatest sensitivity to inflammation. Furthermore, FFMI is 
a surrogate for muscle mass, and so the data should be interpreted 
with caution. However, for a study of muscle gene expression in 
disease, the cohorts that we have examined are comparatively large. 
We have focused on gene expression in patients alone, comparing 
mild and severe COPD, to reduce the effects of activity that occur if 
controls are used as the comparator. This analysis, therefore, limits 
the generalisability of our findings. We did not examine the asso-
ciations of gene expression with physical performance in this study. 
Our analysis of the data from lung and blood samples is also limited 
by the availability of data from those studies. We cannot determine 
whether there were differences in cytokine levels between mild and 
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severe patients in these groups, nor compare cytokine levels with 
gene expression profiles, as we were able to do in the skeletal muscle 
study. However, the overall expression profiles concur with our ge-
neral findings of greater sensitivity of patients with severe disease to 
inflammatory signalling. This interpretation is further supported by 
the observation that TNF-α production by blood cells in response 
to bacterial lipopolysaccharide was greater in patients with severe 
compared with mild COPD.49

Our demonstration of associations of circulating cytokines with 
the levels of target transcription pathways in the muscle of patients 
with severe disease is suggestive of a direct effect of these cytokines 
on muscle phenotype. That we see similar transcription profiles in 
other tissues is consistent with this suggestion, as are studies of the 
effects of exogenous cytokines on muscle loss in animals. These 
data also support the idea that there is communication between 
the diseased lung and the muscle to promote the use of muscle as 
a resource for repair and the immune response,50 or that there is 
inflammation spill-over from the lung to muscle contributing to 
muscle loss, though our studies suggest that this is modified by 
factors that control the sensitivity of individuals to such stimuli. 
However, we did not measure tissue cytokines which are also likely 
to contribute to the overall loss of muscle.

The advantage of studies based on transcriptomics is the breadth 
of analytes that can be measured so that an overall picture can be 
generated and the consequent identification of potential targets 
and pathways. However, a significant limitation is that RNA le-
vels do not always reflect the levels of proteins in the tissue. The 
relative contribution of tissue-derived inflammatory cytokines is, 
therefore, difficult to determine. Unfortunately, we no longer have 
the samples available to identify differences in protein levels from 
these patients so further studies will be required to determine 
whether the levels of key proteins in the identified pathways differ.

CONCLUSIONS
Our study shows that patients with COPD with more advanced di-
sease have greater inflammatory gene expression in their quadriceps 
muscles despite similar levels of circulating inflammatory cytokines. 
This appears to be due to lower sensitivity to anti-inflammatory cy-
tokines and/or higher sensitivity to proinflammatory cytokines in 
patients with more severe disease. Our data suggest that this occurs 
because of higher expression of receptors and signalling compo-
nents of the proinflammatory pathways. These differences may be 
intrinsic to the individual rather than having developed during the 
disease process because the severe COPD cohort was not older than 
the mild group. This further suggests that targeting inflammation in 
selected patients may be an appropriate strategy to prevent muscle 
atrophy and progressive COPD. Confirmation of this observation 
will require analysis in a longitudinal cohort of patients.
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RESUMO
A pneumonia grave adquirida na comunidade (sCAP) é 
um grande desafio global de saúde, com alta morbidade 
e mortalidade, especialmente entre doentes que neces-
sitam de cuidados intensivos. Apesar dos avanços nas 
terapias antimicrobianas e nos cuidados de suporte, a 
sCAP continua sendo uma ameaça significativa, particu-
larmente para aqueles que precisam de ventilação mecâ-
nica invasiva ou suporte com vasopressores.
Progressos recentes em diagnóstico, terapêutica e estra-
tégias de gestão oferecem esperança para melhores 
desfechos. O tratamento específico para o patógeno 
tornou-se central no cuidado da sCAP, com diagnósti-
cos moleculares aprimorando a precisão na detecção de 
agentes infecciosos e permitindo terapias antimicrobianas 
personalizadas. Essas ferramentas ajudam a combater a 
resistência antimicrobiana ao reduzir o uso desnecessário 
de antibióticos de amplo espectro.
As respostas imunológicas do hospedeiro na sCAP variam 
amplamente e impactam significativamente os resultados. 
Alguns doentes enfrentam uma carga patogénica avas-
saladora, enquanto outros apresentam respostas imunes 
excessivas, como a síndrome do desconforto respiratório 
agudo. Essa distinção é essencial para orientar terapias 
imunomoduladoras, já que a imunossupressão pode 
beneficiar estados hiper-inflamatórios, mas prejudicar 
aqueles dominados pela infecção. Os corticosteroides, 
embora controversos, mostram benefícios potenciais em 
populações específicas, mas trazem riscos como infecções 
secundárias e hiperglicemia, exigindo uma abordagem 
cuidadosa.
Estratégias de suporte respiratório não invasivo, como o 
oxigénio nasal de alto fluxo, transformaram o cuidado 
ao melhorar a oxigenação e reduzir a necessidade de 
ventilação invasiva. No entanto, a sua eficácia depende 
do momento da aplicação, da tolerância do doente e da 
gravidade da doença, exigindo monitoramento rigoroso.
As disparidades globais na gestão da sCAP, especial-
mente em países de baixa e média renda, destacam a 
necessidade de guidelines específicas para cada região 
e soluções escaláveis. O acesso limitado a diagnósticos 
avançados e recursos de cuidados intensivos agrava os 
resultados ruins, ressaltando a importância de investi-
mentos em diagnósticos acessíveis, controlo de infecções 
e treinamento multidisciplinar.
Tecnologias emergentes, como inteligência artificial e 
imagem avançada, prometem revolucionar a gestão da 
sCAP ao permitir medicina de precisão e insights em 
tempo real sobre a gravidade da doença. Uma aborda-
gem holística e multidisciplinar que integre esses avanços 
é essencial para melhorar os resultados e promover cui-
dados personalizados para essa condição potencialmente 
fatal.

INTRODUCTION 
Severe community-acquired pneumonia (sCAP) 
is a global healthcare challenge, characterised by 
its high mortality risk and complex management. 
The American Thoracic Society and Infectious 
Diseases Society Association (ATS/IDSA) criteria 
for sCAP highlight key markers of disease severity, 
including the need for invasive mechanical ven-
tilation (iMV) and vasopressor support in septic 
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shock.1 Patients meeting these criteria face morta-
lity rates exceeding 40%, underscoring the critical 
nature of the condition and the urgency for effec-
tive interventions.2 Despite advancements in sup-
portive care, new antibiotics and pharmacological 
therapies, mortality rates for sCAP have remained 
persistently high, particularly in those requiring 
iMV and vasopressors.3 This reflects the need for 
novel strategies to address this pressing healthcare 
challenge. In addition to major criteria, the ATS/
IDSA outlines other minor criteria that capture the 
severity of CAP and highlight the potential need 
for Intensive Care Unit (ICU) admission.1 Radio-
logical findings, including bilateral infiltrates or 
multilobar opacities resembling acute respiratory 
distress syndrome (ARDS), are critical indicators 
of progressive and fatal severe lung injury.4 These 
findings reflect profound inflammatory responses 
and systemic complications, which often lead to 
severe hypoxaemia and multiorgan dysfunction, 
complicating the clinical course of this disease.5 
Differential diagnosis is paramount for adequate 
recognition and management (box 1).

Differentiating sCAP from non-severe forms is 
essential for tailoring treatment approaches. Non-
severe CAP is often managed in outpatient or ge- 
neral ward settings, while sCAP may require spe-
cialised ICU care due to its potentially life-threat-
ening clinical features. However, ICU admission 
decisions should also consider site-specific factors, 
such as available resources, local care capacities 
and individual patient circumstances.6 Box 2 pro-
poses essential items integrating sCAP and sep-
sis guidelines to identify patients that need to be 
managed in ICU settings. However, defining sCAP 
based solely on ICU admission introduces limita-
tions, as resource availability varies globally.7 Some 
sCAP cases are handled outside ICUs with appro-
priate monitoring in resource-rich environments, 
but such cases are anecdotal.8 Thus, ICU settings 
remain the primary and ideal context for managing 
most sCAP cases.9

This manuscript examines the multifaceted na-
ture of sCAP, focusing on pathogen-specific treat-
ments, diagnostic advancements and updated cli-
nical guidelines. It aims to optimise care strategies, 
particularly for high-risk groups while addressing
global disparities in sCAP management in low-in-
come and middle-income countries (LMICs). 

METHODS 
This review synthesises the latest evidence on sCAP
to comprehensively understand its management, 
including updated guidelines, diagnostic innova-
tions and therapeutic strategies. The literature re-
view was conducted using an extensive search of 
PubMed, Embase and Web of Science databases, 
employing Medical Subject Headings (MeSH) 
terms and free-text search terms such as “severe 
CAP,” “community-acquired pneumonia,” “criti-
cally ill patients,” “biomarkers,” “molecular diag-
nostics,” “antimicrobial resistance” and “artificial 
intelligence in pneumonia.”
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Filters were applied to focus on studies involving adult popula-
tions with sCAP requiring ICU-level care. Articles were limited to 
those published in English to ensure accessibility and relevance.

The date range for the literature search spanned from 2000 to 
2024, ensuring the inclusion of the most up-to-date research and 
clinical guidelines.

In addition to database searches, reference lists of critical arti-
cles and relevant textbooks were reviewed to ensure comprehen-
sive topic coverage. Studies were included if they provided data 
on sCAP management, including pathogen profiles, treatment 
innovations, immune response mechanisms or diagnostic ad-
vancements. Exclusion criteria encompassed studies on paediatric 
populations or those patients in non-ICU care settings and im-
munosuppressed.

This review was collaboratively authored by specialists in critical 
care, pulmonology and infectious diseases. Each contributor pro-
vided expertise to specific sections, ensuring a comprehensive and 
multidisciplinary synthesis of the available evidence. Although 
the manuscript does not follow a formal Delphi process or expert 
panel consensus, it is a robust aggregation of insights to advance 
understanding and guide future research in managing patients 
with sCAP.

PATHOGEN PROFILES AND RESISTANCE TRENDS 
The management of sCAP is closely linked to the pathogen profile, 
which varies across geographical and demographic settings.10–12 In 
recent years, shifts have been seen in pathogen prevalence, with 
a significant rise in antibiotic-resistant strains complicating treat-
ment and increasing mortality risk.13 Streptococcus pneumoniae 
remains the leading bacterial cause of sCAP,14 particularly among 
high-risk groups such as older adults or vulnerable populations, 
accounting for up to 50% of identified pathogens.15 1617

Methicillin-resistant S. aureus has been an emerging concern in 
healthcare-associated sCAP in some world regions, often requi-
ring potent antibiotics like vancomycin or linezolid.18 These agents, 
however, carry risks such as toxicity, higher costs and the potential 
for further resistance. The rise in multidrug resistance (MDR) un-
derscores the need for timely and precise diagnostic strategies to 
optimise treatment outcomes and reduce mortality rates.19

Gram-negative organisms, such as Pseudomonas aeruginosa 
and Klebsiella pneumoniae, are increasingly implicated in sCAP, 
particularly those with recurrent episodes or multiorgan failure 
presentation.20 The prevalence of these MDR organisms (MDROs) 
highlights the urgent need for early identification and tailored 
therapeutic strategies to improve outcomes.21

Seasonal influenza significantly contributes to sCAP severity, 
often predisposing patients to coinfection or secondary bacte-
rial infections, particularly S. pneumoniae and S. aureus.22–24 In 
ICU settings, influenza-associated pneumonia has also been 
linked to an increased risk of invasive fungal infections, such as 
invasive pulmonary aspergillosis, which complicates the clinical 
course and worsens outcomes. The role of Aspergillus in sCAP 
remains a subject of ongoing debate, and we acknowledge that 
the current literature does not firmly establish its significance 
as a common aetiological agent. While detection of Aspergil-
lus by PCR or other molecular methods has shown promise 
in improving diagnostic sensitivity, distinguishing between 
colonisation, contamination or true infection remains challen-
ging. Furthermore, large aetiological studies on SCAP have not 
identified Aspergillus as a frequent pathogen. Future research 
should focus on clarifying the diagnostic and therapeutic im-
plications of Aspergillus detection in SCAP to guide evidence-
based recommendations.25 26

Overusing corticosteroids, often employed to manage inflam-
matory complications in sCAP, can exacerbate the risk of fungal 
infections, especially in influenza-associated cases.27 While corti-
costeroids have shown benefits in specific scenarios, such as refrac-
tory septic shock, their indiscriminate use can suppress immune 
responses and increase susceptibility to opportunistic infections. A 
careful, evidence-based approach to corticosteroid use is essential 
to mitigate these risks.28

Box 1 Differential diagnosis of lung consolida-
tion in severe community-acquired pneumonia

⇒Pneumonia
⇒ Bacteria Pathogens: Streptococcus pneumoniae,

Haemophilus influenzae, Mycoplasma pneumoniae,
Legionella species.

⇒ Viral pathogens: Influenza, SARS-CoV-2, respiratory
syncytial virus.

⇒ Fungal Pathogens: Aspergillus, Histoplasma,
Coccidioides (more common in immunocompromised
patients).

⇒ Pulmonary embolism
⇒ Presentation: Sudden-onset chest pain, dyspnoea and

haemoptysis; imaging may show wedge-shaped conso-
lidation.

⇒ Congestive heart failure
⇒ Presentation: Bilateral lung involvement, peripheral

oedema and jugular venous distention.
⇒ Malignancy (primary lung cancer or metastasis)

⇒ Presentation: Persistent cough, haemoptysis, weight loss;
may present with unilateral or nodular opacities on imaging.

⇒ Interstitial lung disease (ILD)
⇒Types: Idiopathic pulmonary fibrosis, sarcoidosis, con-

nective tissue disease-associated ILD.
⇒ Presentation: Progressive dyspnoea, dry cough, imaging

shows diffuse ground-glass or honeycomb patterns.
⇒ Aspiration pneumonitis

⇒ Cause: Chemical injury from inhaled gastric contents.
⇒ Presentation: Localised consolidation typically in

dependent lung zones (eg, right lower lobe).
⇒ Organising pneumonia

⇒ Cause: Non-infectious inflammatory condition, often
idiopathic but may be secondary to infection, connec-
tive tissue disease or drug toxicity.

⇒ Presentation: Subacute cough, fever, malaise; imaging
shows patchy, migratory consolidation.

⇒ Pulmonary haemorrhage
⇒ Cause: Bleeding into the alveoli due to vasculitis, con-

nective tissue disease or trauma.
⇒ Presentation: Haemoptysis, anaemia, dyspnoea; ima-

ging shows diffuse, bilateral consolidations that may
change with repeated imaging.

⇒ Eosinophilic pneumonia
⇒ Cause: Eosinophil accumulation in the lung, often related

to drug reaction, parasitic infection or allergic response.
⇒ Presentation: Fever, night sweats, cough, dyspnoea;

imaging shows peripheral lung consolidations, often
migratory.

⇒ Pulmonary alveolar proteinosis
⇒ Cause: Accumulation of surfactant in alveoli due to

impaired macrophage clearance.
⇒ Presentation: Progressive dyspnoea and cough; ima-

ging shows ‘crazy paving’ pattern with ground-glass
opacities and septal thickening.

⇒ Radiation pneumonitis
⇒ Cause: Lung tissue damage following radiation therapy,

typically in patients treated for thoracic malignancies.
⇒ Presentation: Cough, dyspnoea, fever; imaging shows

consolidation in the radiation field area.
⇒ Drug-induced lung disease

⇒ Cause: Certain drugs (eg, amiodarone, methotrexate,
chemotherapy) can lead to lung inflammation and con-
solidation.

⇒ Presentation: Cough, dyspnoea, potentially with fever;
imaging shows patterns varying by drug type, often
bilateral.
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Maintaining the integrity of the microbiome through targeted 
interventions remains a key consideration in reducing the inci-
dence of secondary infections, particularly in high-risk patients. 
However, this approach must be balanced against evidence from 
strategies such as selective digestive decontamination (SDD) and 
nebulised antibiotics, which, while potentially reducing infection 
rates in specific settings, may also alter the microbiome in unin-
tended ways. The use of SDD and nebulised antibiotics remains 
controversial, with conflicting recommendations and varying im-
pacts on microbiome preservation, antimicrobial resistance and 
clinical outcomes.29 Further research is needed to clarify their role 
and to better align microbiome-targeted interventions with opti-
mal patient care strategies.

HOST IMMUNE RESPONSE IN SEVERE CAP 
The host immune response in sCAP is a dynamic and intricate 
interplay between innate, adaptive and a new approach called 
trained immunity.30 Together, these systems determine whether 
the host can effectively clear pathogens or if immune dysregula-
tion exacerbates disease progression. Different pathogens elicit 
distinct immune mechanisms that profoundly influence clinical 
outcomes. Innate immunity is the first line of defence, rapidly de-
tecting pathogens through pattern recognition receptors and acti-
vating inflammasomes and neutrophils to clear infections.31 While 
this response is critical for pathogen control, excessive activation 
can lead to tissue damage, such as necroptosis and pyroptosis, exa-
cerbating respiratory failure.32–34 This ‘cytokine storm’ has been 
debated during the recent COVID-19 pandemic.35–37 Moreover, 
the interplay between innate and adaptive immunity becomes of-
ten dysregulated in the most severe clinical presentations.38 While 
adaptive immunity provides specificity and durability through T 
and B cell activation, an overwhelming innate response can delay 
adaptive activation, resulting in immune dysfunction.39 This is es-
pecially pronounced in the most severe forms of SCAP with Mul-
tiple Organ Failure (MOF), where T-cell exhaustion and impaired 
antigen presentation hinder pathogen clearance.

Trained immunity—a form of innate immune memory— brid-
ges these systems and enhances rapid and robust responses to 
subsequent infections through epigenetic and metabolic repro-
gramming of cells like macrophages and monocytes.40 However, in 
sCAP, overactivation of trained immunity can exacerbate cytokine 

storms, causing severe lung damage and systemic complications.41 
Targeting immunometabolic pathways to modulate trained immu-
nity offers a promising therapeutic avenue to balance protective 
immune responses while mitigating excessive inflammation.42 To 
comprehensively understand the interplay between innate, adap-
tive and trained immunity in sCAP, a figure (figure 1) is included 
to summarise cell integration and interactions. These immune 
components work together, shaping the host’s ability to control 
infection or contributing to disease progression. Together, this in-
tricate immune network highlights the complexity of sCAP and 
informs strategies for therapeutic interventions aimed at optimi-
sing immune balance and improving clinical outcomes.

A critical aspect of host immunity in SCAP that warrants fur-
ther discussion is the dichotomy in disease progression and out-
comes. Some patients succumb to overwhelming pathogen bur-
den, as seen in severe cases of COVID-19 during the first week, 
where high pathogen loads drive mortality. In contrast, others 
die due to an exaggerated immune response, characterised by the 
ARDS/Diffuse Alveolar Damage phenotype, often in the absence 
of detectable pathogens. Understanding this distinction is cru-
cial, as therapeutic approaches diverge significantly between these 
groups: immunosuppression may worsen outcomes in patients 
overwhelmed by infection, while it may benefit those with hyper-
inflammatory responses. This highlights the need for precision di-
agnostics and tailored treatment strategies to improve outcomes.

UPDATED GUIDELINES IN SEVERE CAP MANAGEMENT 
The management of sCAP has undergone significant advance-
ments. Updated clinical guidelines reflect the latest diagnostics, 
therapeutic strategies and multidisciplinary care developments.  
These updates address the complexities of managing critically ill 
patients by emphasising precision medicine and evidence-based 
interventions.43–49 Recent guidelines advocate for a pathogen-
specific approach to sCAP management.45 This strategy prioritises 
rapid identification of causative pathogens and individualised 
therapies tailored to local antimicrobial resistance patterns. Em-
pirical treatments that rely heavily on extended-spectrum antibi-
otics are increasingly being replaced by more targeted interven-
tions, reducing unnecessary antibiotic exposure and mitigating 
the development of resistance. Different guidelines highlight the 
critical importance of a multidisciplinary approach to managing 
sCAP, involving pulmonologists, infectious disease specialists, in-
tensivists and clinical pharmacists.48 Intensivists are particularly 
emphasised for managing complications like septic shock and 
multiorgan dysfunction, ensuring that patients receive optimal 
haemodynamic and ventilatory support. In the recently published 
clinical guidelines for sCAP, Martin-Loeches et al highlighted that 
supportive measures—ranging from lung-protective ventilation 
strategies to fluid resuscitation and vasopressor therapy—are as 
critical as pharmacological interventions in achieving better out-
comes.50 This collaborative model ensures comprehensive patient 
care, addressing pharmacological and supportive interventions.

High-flow nasal oxygen (HFNO) has revolutionised respiratory 
care over the last 10 years by offering enhanced oxygenation and 
ventilation in patients with moderate respiratory failure.51 52 Con-
siderable evidence suggests that NIV use is associated with higher 
mortality than HFNO in acute respiratory failure, and it has been 
suggested that ventilator-associated lung injury is the cause. The 
use of NIV is not recommended in patients with severe respiratory 
failure unless they have chronic obstructive pulmonary disease.45 
Its ability to deliver precise oxygen concentrations and humidified 
air at high flow rates improves gas exchange while providing signi-
ficant comfort compared with traditional non-invasive ventilation 
methods.53 This patient-centred comfort can enhance adherence 
to therapy, particularly in prolonged use.54 Studies have shown 
that HFNO can significantly reduce the need for iMV in specific 
patient populations, highlighting its potential to prevent invasive 
procedures and associated complications. However, its success de-
pends heavily on appropriate patient selection.55 There is a risk of 
underestimating disease severity when relying solely on HFNO, 
particularly in patients progressing to severe respiratory failure or 

Box 2 Severity criteria for the need of Intensive
Care Unit (ICU) admission (severe community-
acquired

⇒ Invasive mechanical ventilation.
⇒ Vasopressor support for septic shock.
⇒ Arterial oxygen tension/fractional inspired oxygen

(FiO₂) ratio <250.
⇒ Respiratory rate ≥30 breaths/min.
⇒ Oxygen saturation ≤88%.
⇒ FiO₂ requirement ≥0.5 by either mask or high-flow

nasal oxygen.
⇒ Arterial carbon dioxide tension (from Arterial Blood

Gas (ABG)) ≥50 mm Hg (if not chronic obstructive pul-
monary disease).

⇒ pH (ABG) <7.3 and/or Lactate >2 mmol/L despite ade-
quate fluid resuscitation.

⇒ ROX Index <22.
⇒ Hypotension (Systolic Blood Pressure (SBP)<90 mm Hg

or MAP<60 mm Hg) despite adequate fluid resuscitation.
⇒ Heart rate (Tachycardia>125 bpm) or new-onset

arrhythmia.
⇒ Confusion-Glasgow Coma Scale (GCS) Score ≤14.
⇒ Multiorgan failure indicators (high Sequential Organ

Failure Assessment (SOFA) score) when not considering
cardiovascular or respiratory.
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ARDS.56 This underscores the importance of vigilant monitoring 
and timely escalation to iMV when HFNO fails to stabilise the pa-
tient. When used judiciously, HFNO represents a pivotal advance-
ment in non-invasive respiratory support, blending efficacy, com-
fort and the potential to improve outcomes in carefully selected 
patients.57 The use of non-invasive respiratory support has gained 
increasing attention in managing severe respiratory failure, and the 
awake prone position (APP) has emerged as a potential adjunctive 
strategy. APP, which involves positioning awake, non-intubated 
patients in the prone position, has been associated with improved 
oxygenation and recruitment of dependent lung regions in hypo- 
xaemic respiratory failure, including COVID-19-associated ARDS. 
While early studies suggest a potential benefit in reducing the need 
for intubation in select patients, its efficacy appears to depend on 
patient tolerance, timing and disease severity.58 Moreover, robust 
evidence from large randomised controlled trials is still needed to 
establish its role in routine practice and identify the subgroups of 
patients most likely to benefit.

MOLECULAR TESTING (PATHOGEN DETECTION AND
BIOMARKERS) IN SCAP (INCLUDING INTEGRATION) 
Updated guidelines recognise the variability in pathogen preva-
lence and resistance patterns and stress the importance of tailoring 
therapeutic strategies to regional epidemiology.1 Up to 50% of CAP 
cases historically lacked an identifiable pathogen, often necessita-
ting empirical broad-spectrum antibiotic use.59 A recent study in-

cluding almost 5000 patients found that the lack of definitive iden-
tification was even higher in immunosuppressed patients.60 These 
findings highlight the need to improve diagnostic tools, as their 
development and implementation have been inadequate for many 
years. Evolving advancements in molecular diagnostics enable 
faster and more accurate identification of pathogens, significantly 
enhancing the diagnosis and management of infections (table 1).61 
This enhances the precision of treatment and potentially reduces 
unnecessary antimicrobial exposure.62

Despite these advancements, integrating molecular diagnostics 
into routine ICU workflows presents significant challenges.7 The 
complexity of interpreting diagnostic data, combined with the 
resource-intensive nature of these technologies, demands speciali-
sed training and active engagement from clinicians.63 Addition-
ally, the need for standardisation in protocols and diagnostic plat-
forms across institutions can impede widespread implementation. 
Addressing these barriers requires focused efforts on clinician 
education, investment in user-friendly diagnostic tools, and the 
development of streamlined workflows to ensure that molecular 
diagnostics can be effectively used to improve patient outcomes 
and implemented in daily clinical practice.64 

Molecular diagnostics have redefined the management of sCAP 
by enabling rapid and precise pathogen identification, particularly 
in critically ill patients. Traditional culture-based techniques, with 
their low sensitivity and prolonged turnaround times, often need 
to be revised to guide timely therapy.65 The US Food and Drug 
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Administration (FDA) has approved several PCR-based diagnostic 
platforms for respiratory infections, providing rapid and targeted 
pathogen identification. For instance, multiplex PCR panels, such 
as the BioFire FilmArray Respiratory Panel, can identify up to 20 
bacterial and viral pathogens in under an hour, significantly re-
ducing the time to diagnosis. These systems are advantageous in 
detecting common sCAP pathogens like S. pneumoniae and Hae-
mophilus influenzae and viral agents such as influenza and respi-
ratory syncytial virus (RSV). Similarly, the Cepheid Xpert Xpress 
Flu/RSV panel delivers accurate results in as little as 30 min, ena-
bling prompt antiviral therapy in appropriate cases.65 The interpre-
tation of pathogen testing from upper respiratory tract specimens 
requires meticulous attention. For instance, a positive PCR result 
from a nasal swab may not accurately reflect the active presence 
of the pathogen in the lung. Still, it could instead indicate residual 
viral shedding from a resolved primary infection, such as RSV. 
This distinction is critical, as relying on upper respiratory samples 
could lead to misdiagnosis or inappropriate treatment. Addition-
ally, much of the literature referenced in SCAP studies is derived 
from upper respiratory sampling rather than bronchoalveolar la-
vage (BAL), which more accurately represents lower respiratory 
tract infections.66 Addressing this limitation is essential to impro-
ving pathogen identification accuracy and ensuring treatments are 
effectively targeted. Future research should emphasise BAL sam-
pling or comparable methods for better insights into lower respira-
tory tract pathogens. 

PCR-based methods are highly sensitive and specific, but their 
targeted approach limits the range of pathogens detected to those 
included in the assay. Other molecular testing, including metage-
nomic next-generation sequencing (mNGS), has revolutionised 
pathogen detection by enabling broad-spectrum identification of 
microorganisms, including bacteria, viruses and fungi, directly 
from clinical samples. However, these techniques are not without 
limitations. One significant challenge, particularly with mNGS, 
is adjudicating potential pathogens as causal agents. Distinguish-
ing between true pathogens, colonisers and contaminants can be 
difficult, especially in polymicrobial environments or where low 

microbial loads are detected. We must also consider that molecu-
lar testing might not reveal antimicrobial susceptibility, necessita-
ting additional diagnostic methods. More research is essential to 
enhance these techniques and develop standardised protocols for 
incorporating molecular testing into everyday clinical practices, 
all while minimising potential complications and misinterpreta-
tion. For example, mNGS has been instrumental in identifying 
novel pathogens like SARS-CoV-2 during the COVID-19 pan-
demic. Wu et al demonstrated that mNGS identified pathogens 
in 90.3% of sCAP cases compared with 39.5% with conventional 
methods.67 Additionally, NGS excels in detecting mixed infections, 
which are present in nearly 57% of sCAP cases, and in identifying 
pathogens that traditional diagnostics may miss. This comprehen-
sive approach is invaluable, particularly in immunocompromised 
patients, where the spectrum of pathogens is broader and more 
complex.

Molecular testing might significantly enhance clinical decision-
making by guiding personalised antimicrobial therapy.68 For in-
stance, PCR panels can rapidly confirm or rule out common patho- 
gens, enabling early de-escalation of broad-spectrum antibiotics 
when bacterial infections are unlikely. In cases where PCR results 
are inconclusive or mixed infections are suspected, mNGS can pro-
vide additional insights, identifying rare pathogens or coinfections 
like Pneumocystis jirovecii that have been reported on a current 
rise.69 NGS findings can also lead to a de-escalation of antibiotics 
in 52.9% of cases, reducing unnecessary drug use and associated 
toxicity risks while enabling escalation in 26.1% of cases to target 
specific pathogens.67 Equally, there is a need to consider the health-
economic implications of expensive new testing platforms, as none 
have yet demonstrated significant improvements in patient clinical 
outcomes.

While these technologies may offer potential benefits, such as 
promoting antibiotic de-escalation, reducing treatment durations 
and minimising antibiotic-related toxicity, they also present chal-
lenges. For example, with NGS, the issue of overcalling a posi-
tive detection as an infection is significant, as thresholds for most 
pathogens have not been firmly established. This limitation raises 
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concerns about the potential for misinterpretation and overtreat-
ment, emphasising the importance of refining diagnostic criteria 
and focusing on targeted applications to maximise their clinical 
and economic value.

While understanding the pathogen is critical, adopting a holistic 
approach that considers the patient’s response to the infection is 
equally essential. Host-specific biomarkers, such as procalcitonin 
(PCT) and C reactive protein (CRP), are critical for managing 
sCAP, providing insights into the host’s inflammatory and infec-
tious status.70 Despite its limited sensitivity in early or atypical 
CAP presentations, PCT is recommended by the European Respi-
ratory Society, European Society of Intensive Care Medicine, Latin 
American Thoracic Association and European Society of Clinical 
Microbiology and Infectious Diseases guidelines for its role in re-
ducing antibiotic use.45 46 Studies show that tracking PCT trends 
enables safe antibiotic de-escalation, supporting antimicrobial 
stewardship and reducing risks associated with broad-spectrum 
antibiotic overuse, particularly in ICUs.71 72 CRP and PCT were 
initially developed as tools to aid in detecting bacterial infections, 
but their utility in this regard has limitations. While they may as-
sist in guiding antibiotic de-escalation, notably when clinicians 
are hesitant to stop treatment, the evidence does not support the 
assertion that they are ‘critical.’ Studies showing reduced antibi-
otic use with these biomarkers often involve control groups with 
therapy durations far exceeding guideline recommendations. Fur-
thermore, none of these studies have included control arms utilis-
ing validated clinical stability tools, as strongly advised in the latest 
ATS/IDSA guidelines. Although elevated CRP and PCT levels can 
strongly suggest bacterial coinfection in the context of a known 
viral infection, normal levels frequently fail to exclude significant 
bacterial infections.45 46 73 However, biomarkers should comple-
ment clinical judgement and management, not replace them.74 
Used alongside thorough clinical assessment, these tools enable 
precise, effective management of sCAP and improve outcomes in 
critically ill patients.75

The integration of molecular diagnostics with biomarkers fur-
ther enhances precision in sCAP management. For example, 
combining PCR results with PCT levels allows targeted decision-
making.76 A low PCT level with a PCR-confirmed viral pathogen 
could indicate that antibiotics are unnecessary, while mNGS data 
can identify bacterial coinfections requiring treatment. Similarly, 
PCT trends paired with mNGS findings can guide dynamic adjust-
ments to therapy, such as identifying new pathogens like Aspergil-
lus in ventilator-associated pneumonia (VAP). The appearance of 
Aspergillus in this context often occurs later and may represent a 
superinfection rather than an initial cause of severe CAP. Rapid 
detection of Aspergillus or other pathogens in VAP can support 
timely adjustments to therapy. Still, it is essential to emphasise that 
this does not justify stopping antibiotics entirely, as such decisions 
require careful consideration of the clinical scenario.77

Integrating biomarkers and vital signs with advanced diagnos-
tics and artificial intelligence (AI) has transformed the manage-
ment of sCAP.78 Vital signs, including heart rate, respiratory rate 
and blood pressure, offer real-time data on a patient’s physiological 

state, which is essential for assessing disease severity and monito-
ring response to treatment.79 Combining these clinical parameters 
with molecular diagnostics and AI-enhanced imaging facilitates 
a comprehensive, individualised approach to sCAP care.80 In ad-
dition, advancing patient monitoring by integrating multimodal 
clinical data. Wearable devices and AI-powered non-invasive 
monitors can analyse parameters like heart rate variability and res-
piratory patterns to detect early signs of clinical deterioration.81 82 
These systems outperform traditional risk scores, such as qSOFA, 
by providing continuous, real-time assessments. Moreover, AI-
driven models can combine imaging, biomarkers and clinical data 
to stratify patients into phenotypes, guiding personalised treat-
ment and improving predictive accuracy.83

This integration enables precise diagnosis, optimises antimicro-
bial use and reduces healthcare costs by minimising unnecessary 
interventions. Ongoing research and education are critical to over-
coming implementation barriers and ensuring these technologies 
reach their full potential in improving patient outcomes.

ADVANCES IN IMAGING SCAP MANAGEMENT 
Imaging and AI have advanced the management of sCAP, impro-
ving diagnosis, monitoring and treatment.82 Chest X-rays (CXR) 
and CT remain the mainstays of imaging. CXR offers rapid as-
sessment, and CT provides more detailed evaluations of subtle 
findings like ground-glass opacities and abscesses. CT also aids in 
guiding invasive procedures and detecting complications such as 
empyema and ARDS.84

Point-of-care ultrasound has become a valuable bedside tool, par-
ticularly in ICUs and resource-limited settings, due to its ability to 
visualise pulmonary consolidations, pleural effusions and dynamic 
lung changes without radiation. While these capabilities offer real-
time monitoring that can assist clinicians in diagnosing complica-
tions such as empyema and provide reassurance in specific scena-
rios, there is currently no robust evidence to support its routine use 
for adjusting care in severe CAP. Further high-quality studies are 
needed to determine its role in clinical decision-making and assess 
whether it should be considered a standard of care.85

Imaging is probably the field where AI has developed more 
over the last few years. AI and machine learning are transforming  
imaging interpretation in clinical imaging, improving the preci-
sion of CXR and CT analyses, and differentiating sCAP from other 
conditions like malignancy or heart failure by semiautomated al-
gorithms analysis. AI applications, demonstrated in COVID-19 
research, have shown their potential to identify severity markers 
and enhance clinical decision-making.4 These tools support per-
sonalised and effective sCAP management while addressing diag-
nostic limitations.86

NEW ANTIBIOTICS AND NOVEL THERAPIES FOR SEVERE CAP 
Antibiotic treatment remains the cornerstone of sCAP manage-
ment, yet immunomodulatory agents and tailored therapeutic 
combinations are emerging as novel strategies to improve out-
comes.87 While the impact of increasing macrolide and beta-
lactam resistance on outcomes in sCAP remains controversial, 
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there is limited evidence to suggest that resistance in S. pneumoni-
ae has led to widespread adverse outcomes across the USA, Europe 
or Asia. Current guidelines recommend beta-lactam/macrolide 
combination therapy in SCAP patients without risk factors for P. 
aeruginosa. Nevertheless, a rapid and precise diagnostic workup is 
paramount, particularly in ventilated patients, to identify unusual 
pathogens or resistance patterns that may necessitate deviations 
from standard dual therapy regimens.  Advanced diagnostic tech-
niques, such as multiplex PCR and NGS, could enhance pathogen 
identification and guide tailored antimicrobial therapy, potentially 
improving outcomes in these complex cases.88 New agents have 
demonstrated efficacy in achieving rapid clinical stability, a key 
goal in managing severe CAP, particularly in the most severe pres-
entations.48 New agents (table 2) have been developed to improve 
efficacy in achieving rapid clinical stability, a key goal in managing 
sCAP, particularly in the most severe presentations.20

One significant limitation in evaluating new antibiotics is the 
under-representation of patients with sCAP in many randomised 
controlled trials (RCTs). This omission is critical, as sCAP patients 
often exhibit altered pharmacokinetics and pharmacodynamics 
due to disease severity, organ dysfunction and systemic inflam-
mation, which may influence drug absorption, distribution, me-
tabolism and excretion. The exclusion of these patients limits the 
generalisability of trial results and may lead to suboptimal dosing 
or efficacy in real-world clinical scenarios.80 Including sCAP pa-
tients in future RCTs is essential to optimise antibiotic design and 
prescription for this high-risk population, improving therapeutic 
outcomes and antimicrobial stewardship efforts.

The dysregulated inflammatory response in severe CAP often 
exacerbates disease progression, making immunomodulatory 
therapies an area of growing interest. Among these, corticoste-
roids have been the most extensively studied for their potential to 
mitigate excessive inflammation, but their role remains nuanced 
and controversial.89

Two recently published trials have revolutionised current re-
commendations because they have analysed more patients than 
any other trials until now. The CAPE COD trial provided com-
pelling evidence that hydrocortisone significantly reduced 28-day 
mortality in ICU patients with severe CAP, including administra-
tion within 24 hours, suggesting that corticosteroids may be par-
ticularly beneficial in carefully selected, critically ill populations.90 
Conversely, the ESCAPE trial highlighted the complexities of cor-
ticosteroid use, finding no significant mortality benefit with pro-
longed low-dose methylprednisolone in a more elderly population 
analysed (US veterans).91 This variability underscores the impor-
tance of corticosteroid type, dosing regimens and patient selection 
in determining outcomes.

Corticosteroids have been widely studied in severe CAP, with 
evidence suggesting potential benefits in specific contexts, such as 
reducing inflammation and improving outcomes in patients with 
refractory septic shock or severe inflammatory responses. How-
ever, their overuse is associated with significant risks, including 
secondary infections, hyperglycaemia and delayed recovery from 
underlying infections. Balancing these considerations requires 
careful patient selection and further high-quality studies to refine 
indications. The accompanying table (table 3) highlights scenarios 
where corticosteroids may offer benefits versus where their use 
could lead to harm, aiding clinicians in making informed deci-
sions. Despite these mixed findings, corticosteroids remain a cor-
nerstone of adjunctive therapy in select cases of severe CAP. Their 
ability to address the inflammatory cascade can be lifesaving for 
some patients, yet their application requires precision and a ba-
lance between benefit and potential harm. Further research is ne-
cessary to refine their use, focusing on identifying optimal dosing, 
duration and the profiles of patients most likely to benefit.

These insights into immunomodulation, coupled with advances 
in personalised medicine, underscore the importance of tailoring 
treatment strategies to the infectious agent and individual patients’ 
unique inflammatory and immune responses. By addressing both 
pathogen clearance and host response, these approaches can pave 
the way for improved outcomes in severe CAP.

CHALLENGES AND SOLUTIONS FOR SCAP MANAGEMENT IN
RESOURCE-LIMITED SETTINGS 
sCAP poses a significant global health challenge, especially in 
LMICs, where systemic inequalities, economic barriers and li-
mited healthcare infrastructure amplify its burden. These regions 
face delays in diagnosis and treatment due to inadequate access 
to primary and preventive healthcare. Many patients present at 
advanced stages of the disease, requiring intensive care, yet ICU 
capacity, ventilators and trained personnel are often insufficient. 
Seasonal pneumonia surges and pandemics like COVID-19 fur-
ther strain already limited resources, emphasising the need for 
scalable and resilient healthcare systems.92

Infection control challenges in LMICs worsen sCAP outcomes. 
Overcrowded healthcare facilities, poor sanitation and limited ac-
cess to clean water contribute to healthcare-associated infections, 
including those caused by MDROs.79 93 94 These infections compli-
cate treatment and diminish the effectiveness of antibiotics. Ad-
dressing these risks requires investments in basic infection control 
measures, such as improved hospital hygiene, access to antimicro-
bials and enhanced sanitation infrastructure.95

Global guidelines for sCAP management often need to catch 
up in LMICs. They are typically developed in high-income set-
tings with access to advanced diagnostics and robust critical care. 
This disconnect underscores the urgent need for region-specific 
protocols that align with local epidemiology, resource availability 
and cost-effectiveness. Tailored guidelines can ensure clinical re-
levance and improve patient outcomes.96

RESEARCH PRIORITIES AND INNOVATIONS 
Advancing sCAP management requires targeted research and in-
novative solutions. Priorities include developing affordable, rapid 
diagnostic tools for low-resource settings to enhance early detec-
tion and timely intervention. Exploring targeted immunomodula-
tory therapies offers promise in mitigating excessive immune ac-
tivation in severe cases. Integrating AI and wearable technologies 
into routine workflows could transform patient monitoring and 
enable real-time decision-making.

Long-term studies are also essential to evaluate novel antibiotics 
and combination therapies, addressing the growing challenge of 
antimicrobial resistance.97

Guidelines must be adapted to reflect regional variations in 
sCAP epidemiology and healthcare infrastructure. This includes 
conducting specific clinical trials for high-risk populations, such 
as the immunocompromised, to refine personalised treatment 
strategies.98

THE ROLE OF GLOBAL INITIATIVES 
Global funding initiatives, including support from the Bill & 
Melinda Gates Foundation, Wellcome Trust and the European 
Union, have been instrumental in addressing healthcare dispari-
ties.99 These organisations have invested in vaccine distribution, 
antimicrobial resistance research and healthcare infrastructure 
development. For example, the Gates Foundation’s pneumococcal 
vaccine programmes have reduced pneumonia incidence, while 
the Wellcome Trust’s antimicrobial stewardship efforts combat 
MDROs. Collaborative efforts like these are crucial for adapting 
sCAP management to the realities of LMICs.100

CONCLUSIONS 
sCAP remains a critical global health challenge, with dispropor-
tionately high mortality rates and management difficulties, par-
ticularly in LMICs. While advancements in diagnostics, imaging 
technologies and personalised medicine offer promising avenues 
for improving outcomes, significant barriers persist in resource-
limited settings, exacerbating global health inequities. Addressing 
these disparities requires targeted investments, innovative research 
and multidisciplinary collaboration to ensure that novel interven-
tions are accessible and effective across diverse healthcare systems.

Despite progress, several unanswered questions continue to 
shape the sCAP landscape. For instance, the role of molecular di-
agnostic platforms in reliably distinguishing between colonisation, 
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contamination and true infection remains unclear. Standardised 
thresholds for pathogen detection, particularly with advanced 
techniques such as multiplex PCR and metagenomic sequencing, 
are yet to be established. Similarly, understanding the dichotomy 
in host immune responses—distinguishing those overwhelmed 
by pathogen burden from those with excessive inflammatory re-
sponses — is essential for tailoring therapeutic strategies. Biomar-
kers that accurately stratify patients based on these immune phe-
notypes and guide real-time clinical decisions remain an area of 
active investigation.

In addition, therapeutic optimisation remains a key challenge. 
While corticosteroids and other immunomodulatory therapies 
have shown promise in select patient populations, their use must 
be carefully contextualised to balance potential benefits against 
the risks of secondary infections. Similarly, using non-invasive 
respiratory support strategies, such as HFNO and awake-prone 
positioning, requires further evidence to define best practices and 
identify optimal timing for interventions.

Global disparities in sCAP management underscore the need 
for region-specific solutions. In LMICs, limited access to advanced 
diagnostics, critical care infrastructure and trained personnel of-
ten translates into poorer outcomes. Addressing these challenges 
involves scaling up access to cutting-edge technologies and de-
veloping cost-effective, scalable approaches tailored to resource-
constrained settings.

By integrating advances in precision medicine, innovative di-
agnostics and multidisciplinary approaches, the healthcare com-
munity has the potential to bridge existing gaps and improve 
outcomes in sCAP. Tackling these unanswered questions through 
collaborative research and targeted investments will enhance our 
understanding of sCAP and significantly reduce the global burden 
of this life-threatening condition, paving the way for a more equi-
table future in healthcare.
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O BTS/SIGN/NICE publicou recentemente 
guidelines atualizadas para o tratamento 
da asma.1 A orientação recomenda que a 
escolha do inalador seja baseada no menor 
impacto ambiental entre os dispositivos 
adequados e fornece um link para uma 
ferramenta de decisão que informa os 
doentes sobre a pegada de carbono relativa 
entre inaladores de pó seco e inaladores em 
aerossol dosimetrado. Essa recomendação 
está alinhada com grande parte da literatura 
publicada que sugere medidas pelas quais 
os sistemas de saúde podem reduzir o seu 
impacto nas mudanças climáticas e ajudar 
a cumprir a estratégia de carbono zero do 
Serviço Nacional de Saúde (NHS) do Reino 
Unido.2-4

Os supostos benefícios ambientais da 
substituição por inaladores de pó seco 
coincidem convenientemente com a 
necessidade de abordar o uso excessivo 
de beta-agonistas de curta duração em 
aerossol no Reino Unido e os benefícios da 
transição para o tratamento combinado de 
manutenção e alívio (MART), geralmente 
em formulação de pó seco.5-7

Embora essa nova guideline seja louvável 
e consistente com as melhores evidências 
atuais para o tratamento da asma, a 
ciência do clima sugere que, infelizmente, 
os benefícios ambientais alegados são 
insignificantes. Situação semelhante 
ocorreu na anestesia. Guidelines nacionais 
que alteraram a prática para reduzir o uso 
de gases anestésicos foram baseadas em uma 
simplificação excessiva da ciência climática, 
resultando em respostas equivocadas que 
podem aumentar as emissões de CO₂ e 
comprometer o cuidado ao doente.8

Esses problemas surgiram porque o setor 
médico, com boas intenções, está a utilizar 
uma métrica idealizada de emissão de gases 
de efeito estufa, conhecida como Potencial 
de Aquecimento Global (GWP) e a sua 
equivalência em CO₂ (CO₂e), para inferir 
impactos climáticos e pegadas de carbono. O 
CO₂e é calculado como o produto do GWP 
e da emissão de um determinado gás. O 
CO₂e calculado é frequentemente expresso 
em termos de quilômetros percorridos 
por um carro movido a combustíveis 
fósseis. Consequentemente, o impacto dos 
hidrofluoroalcanos (HFAs) na literatura 

médica é geralmente representada como a 
distância percorrida por um veículo.

Representar os efeitos dos gases de 
efeito estufa dessa forma é facilmente 
compreendida por profissionais de saúde 
e doentes, e tem sido amplamente adotada. 
Infelizmente, há falhas importantes nessa 
abordagem que tornam inválidos os 
impactos climáticos alegados, as pegadas 
de carbono e os quilómetros de carro 
equivalentes. Apesar do nome, o GWP 
não indica o potencial real de aquecimento 
global de uma emissão de gás. Foi criado 
em 1990 como uma ferramenta simples 
para auxiliar negociações internacionais 
e informar políticas climáticas multigás, 
como o Protocolo de Kyoto.9

O GWP não leva em conta a complexidade 
do sistema climático e sua resposta a 
emissões específicas.8 Para a prática 
médica, há um vasto corpo de evidências 
na literatura climática mostrando que o 
GWP é inválido para gases de vida curta 
com tempo de permanência inferior a 20 
anos, como os agentes anestésicos voláteis e 
os propelentes dos inaladores dosimetrados 
(MDIs).10 11 A resposta do sistema climático 
a esses gases é fundamentalmente diferente 
da resposta aos gases de vida longa, como 
o CO₂ e o óxido nitroso, que permanecem
na atmosfera por mais de 100 anos. O
GWP nunca foi projetado para gerir
emissões mínimas de gases de vida curta
e superestima grosseiramente seu impacto
climático potencial.9 Da mesma forma, a
conversão para emissões de CO₂e, baseada
no GWP, exagera suas pegadas de carbono e
os supostos quilómetros de carro.

Reconhecendo as limitações de avaliar 
impactos climáticos com base em métricas 
de emissão, cientistas climáticos defendem o 
uso do forçamento radiativo — a diferença 
entre a energia que entra no planeta e a que 
sai — como medida fundamental dos efeitos 
de temperatura da atividade humana.12 Essa 
métrica representa com precisão os efeitos 
reais de temperatura. O forçamento radiativo 
fornece uma comparação fisicamente 
robusta da contribuição real de cada gás 
para o aquecimento global e, ao contrário 
do GWP, leva em conta o comportamento 
diferente dos gases de vida curta versus os 
de vida longa.

A ciência climática é clara ao afirmar que 
o forçamento radiativo e o aquecimento
causados pelo CO₂ continuarão a aumentar
à medida que as emissões se acumulam
década após década. No entanto, para
os HFAs de vida curta, o forçamento
radiativo não aumenta indefinidamente,
pois as emissões não podem se acumular
na atmosfera além da vida útil do gás.11

Expressar as emissões de HFAs em termos
de CO₂e distorce o seu impacto de curto
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prazo na temperatura global e exagera o seu 
impacto climático de longo prazo.10 Cada 
quilograma de CO₂ emitido se acumula 
na atmosfera ao longo da vida e altera 
irreversivelmente o clima por gerações, 
enquanto o efeito de cada quilograma de 
HFA desaparece em cerca de uma década. É 
importante observar que o que importa é a 
taxa de emissão dos HFAs. Se o uso de MDIs 
continuar no ritmo atual, por exemplo, não 
ocorrerá aquecimento adicional — que já é 
mínimo. Em contraste, não existe um nível 
seguro de emissões de CO₂.

Os dois principais gases usados como 
propelentes em MDIs são o HFC-134a e o 
HFC-227ea.13 Nenhum deles é substância 
destruidora da camada de ozono, mas 
ambos são gases de efeito estufa ativos. O 
HFC-134a é o HFA mais abundante e o 
mais utilizado em MDIs. Tem um GWP 
alto de cerca de 1470, mas sua vida útil na 
atmosfera é de aproximadamente 14 anos. O 
HFC-227ea também é usado em MDIs, com 
vida útil de 36 anos e GWP de 3580.

As emissões e a abundância atmosférica 
do HFC-134a estão a aumentar. A sua fração 
molar média anual global atingiu 113 ppt 
em 2020, acima dos 89 ppt em 2016.14 A 
abundância do HFC-227ea é muito menor, 
em 1,7 ppt. Assim, em 2020, o HFC-134a 
de todas as fontes de emissão contribuiu 
com um forçamento radiativo global de 
19,5 mW/m², e o HFC-227ea contribuiu 
com 0,46 mW/m². Para contextualizar, o 
forçamento radiativo do CO₂ é estimado 
em 2160 mW/m².

Os HFAs usados em MDIs representam 
apenas uma pequena parte de todas 
as fontes de emissão. O HFC-134a é 
amplamente utilizado como refrigerante 
em refrigeradores móveis e domésticos, 
como componente de mistura para 
ar-condicionado estacionário e refrigeração 
comercial, como agente expansor de 
espuma e como propelente para aerossóis 
industriais. O HFC-227ea é amplamente 
utilizado como agente extintor de incêndio.

As estimativas das emissões globais 
anuais provenientes de MDIs são difíceis 
de encontrar. O Comité Técnico Europeu 
de Fluorocarbonos relatou que, em 2018, a 
fabricação global de 800 milhões de MDIs 
utilizou cerca de 11.500 toneladas (11,5 Gg) 
de HFAs, dos quais 92% eram HFC-134a.15 
As estimativas globais de emissão de HFC-
134a de todas as fontes giram em torno de 
160 Gg/ano. Se todos esses MDIs fossem 
utilizados, contribuiriam com no máximo 
6% das emissões anuais totais de HFC-134a. 
Da mesma forma, os inaladores contendo 
HFC-227ea contribuiriam com no máximo 
15% das emissões totais anuais de 6,3 Gg/
ano.

Assumindo que a composição atmosférica 
seja proporcional à taxa de emissão dos 
inaladores, e que todos os inaladores 
fabricados tenham sido usados no mesmo 
ano, uma estimativa aproximada e de pior 
cenário da contribuição dos inaladores para 
o forçamento radiativo total do HFC-134a
de 19,5 mW/m² seria de ~1,2 mW/m².
Usando a mesma lógica para o HFC-227ea,
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a estimativa de pior cenário seria de 0,07 
mW/m². Isso significa que a estimativa de 
pior cenário do forçamento radiativo dos 
MDIs em todo o mundo é de ~1,27 mW/m². 
Quando comparado ao forçamento radiativo 
estimado do CO₂ de 2160±250 mW/m², 
qualquer contribuição dos propelentes dos 
MDIs é insignificante.8 Assim como os 
gases anestésicos, os efeitos climáticos dos 
MDIs médicos são extremamente pequenos 
e irrelevantes. Remover os MDIs da prática 
médica não terá impacto no sistema 
climático nem na trajetória do aquecimento 
global.

Métricas simples de emissão tornaram-
-se populares por serem fáceis de usar,
mas claramente apresentam limitações.
Todas as métricas de emissão são simpli-
ficações grosseiras da resposta climática
aos gases de efeito estufa, mas o Potencial
de Aquecimento Global por Temperatura
(GTP) possui várias vantagens em rela-
ção ao GWP. O GTP tenta considerar
aspectos fundamentais da resposta climá-
tica ao forçamento radiativo, incluindo
a sensibilidade climática e a inércia tér-

mica dos oceanos.10 No entanto, trata-se 
de uma métrica de ponto final baseada 
na mudança de temperatura ao final de 
um período específico (por exemplo, 100 
anos), e por isso envolve suposições sobre 
trajetórias futuras de emissão. Assim 
como o GWP, o GTP pode ser convertido 
em equivalência de CO₂ (CO₂e). Ambas 
as métricas são relatadas na Avaliação 
Científica da Depleção da Camada de 
Ozono da OMM/PNUMA.14

Uma comparação entre GWP e GTP 
(tabela 1) destaca o quanto o uso do GWP 
para derivar CO₂e superestima substan-
cialmente o impacto climático e a pegada 
de carbono de gases de vida curta, como o 
metano e os propelentes de inaladores dosi-
metrados (MDIs). Se o GTP fosse usado em 
vez do GWP, as estimativas de CO₂e citadas 
pelo NICE seriam reduzidas em até 80%. O 
uso dessa métrica mais apropriada impacta 
significativamente a estimativa de quanto a 
pegada de carbono poderia ser reduzida ao 
remover MDIs da prática clínica — embora 
ainda seja uma simplificação considerável 
da complexidade do sistema climático.

Contrariando a sugestão de que podería-
mos obter “vitórias rápidas” ao trocar para 
inaladores “de baixo carbono”, o forçamento 
radiativo minúsculo e a curta vida útil dos 
HFAs em aerossóis médicos os tornam 
irrelevantes para a trajetória das mudanças 
climáticas. Da mesma forma, a substituição 
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por propelentes mais “amigos do clima” 
provavelmente não resultará em benefícios 
climáticos significativos.16 Em vez disso, o 
custo ambiental das emissões diretas de CO₂ 
provenientes da interrupção da produção 
atual de MDIs, da pesquisa essencial para 
o desenvolvimento de novos medicamen-
tos e da introdução de novos processos de
produção levará décadas para ser compen-
sado. Avaliações de segurança demoradas,
atraso na disponibilidade no mercado e
novas patentes provavelmente resultarão
em aumento de custos para o sistema de
saúde e afetarão desproporcionalmente as
crianças.17

Embora tenha sido sugerido que a substi-
tuição de aerossóis por equivalentes em pó 
seco possa gerar economia financeira para 
o NHS do Reino Unido, essa análise não
considerou a mudança para regimes MART,
como atualmente recomendado.18 Seguir as
diretrizes do NICE/BTS/SIGN provavel-
mente resultará em economia de custos,
mas isso se deve à redução da necessidade
de tratamento hospitalar, e não ao uso de
inaladores mais ecológicos.19

Se não houver efeitos prejudiciais ao cui-
dado do doente nem custos desnecessários, 
há bons argumentos clínicos para a substi-
tuição por inaladores de pó seco sempre que 
possível — embora isso não seja uma opção 
para crianças em idade pré-escolar. Os argu-
mentos relacionados à pegada de carbono 
e aos impactos climáticos dos MDIs devem 
ser corrigidos para garantir que represen-
tem com precisão a ciência climática subja-
cente. Supervalorizar os atributos ecológicos 
das boas práticas pode desviar a atenção de 
muitas outras formas mais significativas 
pelas quais os profissionais de saúde podem 
reduzir os seus impactos ambientais. Como 
já destacado nesta publicação, fazer com 
que os doentes se sintam obrigados a trocar 
seus inaladores pode também estigmatizar 
ou desestabilizar indivíduos já altamente 
vulneráveis.20

Uma melhor compreensão da ciência que 
fundamenta a importância relativa dos dife-

rentes gases de efeito estufa para o aqueci-
mento global tem implicações importantes 
para a forma como os profissionais de saúde 
podem abordar a escolha do dispositivo ina-
lador, as recomendações dos formuladores 
de políticas sobre as melhores práticas e o 
desenvolvimento de novos dispositivos de 
administração de medicamentos pela indús-
tria farmacêutica.21 Profissionais de saúde 
que desejam reduzir significativamente as 
suas emissões de gases de efeito estufa — 
especialmente CO₂ — podem, de forma 
útil, oferecer consultas por telefone quando 
for seguro fazê-lo, separar rigorosamente 
resíduos médicos de resíduos domésticos 
para evitar a incineração desnecessária, 
minimizar o uso de nebulizadores, evitar 
acompanhamentos desnecessários, investi-
gações duplicadas e ineficiências adminis-
trativas, desligar o ar condicionado, evitar 
viagens aéreas, caminhar ou pedalar sempre 
que possível e compartilhar viagens de carro 
com colegas. Mudar práticas para reduzir a 
queima de combustíveis fósseis é a estraté-
gia mais eficaz que os profissionais de saúde 
podem adotar para minimizar a  sua contri-
buição para o aquecimento global.
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INTRODUÇÃO 
A Agência de Segurança da Saúde do Reino 
Unido (UKHSA) anunciou recentemente 
programas de vacinação contra o vírus sin-
cicial respiratório (VSR) para proteger bebés 
por meio da vacinação de gestantes com 28 
semanas de gestação e adultos com 75 anos 
ou mais.1 Essa decisão, que oferece proteção 
aos bebés contra o VSR por pelo menos seis 
meses, é extremamente bem-vinda, apoiada 
pela recomendação do Comité Conjunto de 
Vacinação e Imunização (JCVI) em junho de 
2023 (atualizada em setembro de 2023)2 e por 
uma carta aberta do Colégio Real de Pediatria 
e Saúde Infantil (RCPCH) em março de 2024, 
solicitando a implementação da política.

A recomendação do JCVI analisou dois 
produtos: primeiro, a imunização infantil 
por meio de uma única dose de anticorpo 
monoclonal de meia-vida estendida contra a 
proteína F (nirsevimabe, desenvolvido pela 
Sanofi e AstraZeneca, comercializado como 
Beyfortus); e segundo, a vacinação materna 
com uma vacina bivalente da proteína F 
pré-fusão (comercializada como Abrysvo, 
fabricada pela Pfizer). Ambos os produtos 
demonstraram oferecer profilaxia eficaz 
contra o VSR, levando o Departamento de 
Saúde e Assistência Social a licitar o pro-
grama de profilaxia infantil contra o VSR, 
com base em critérios de viabilidade e 
custo-benefício definidos pelo Tesouro.

A Pfizer foi selecionada para fornecer a 
vacinação materna, iniciada em agosto de 
2024 na Escócia e em setembro de 2024 nas 
demais nações do Reino Unido. A vacinação 
materna pode ter se mostrado mais econó-
mica quando oferecida durante todo o ano 
(como recomendado pelo JCVI) e forne-
cida juntamente com a mesma vacina para 
adultos mais velhos, que representam uma 
coorte muito maior. Além disso, essa estra-
tégia pode ter maior adesão, com a UKHSA 
demonstrando que a vacinação materna 
tem maior aceitação (89,5%) do que a imu-
nização infantil com anticorpos monoclo-
nais (81,4%), segundo pesquisa com 1061 
gestantes ou mães recentes (webinar da 
UKHSA, 12 de julho de 2024).

Ambas as estratégias de imunização 
protegem contra hospitalizações por 
bronquiolite associada ao VSR 
Os ensaios clínicos de referência para ambas 
as abordagens mostraram alta eficácia. A hos-
pitalização associada ao VSR foi reduzida com 
eficácia de 83,2% (IC 95%: 67,8% a 92,0%) no 
estudo HARMONIE com nirsevimabe,3 e de 
56,8% (IC 99,17%: 10,1% a 80,7%) no estudo 
MATISSE com vacinação materna.4 A maior 
eficácia observada no HARMONIE pode 
refletir a inclusão de mais bebés prematuros 
(14% vs 5,6% no MATISSE), que têm maior 
risco de complicações por VSR, com imuni-
zação monoclonal oferecida a bebés nascidos 
com 29 semanas de gestação ou mais.

A eficácia na redução de infecções graves 
do trato respiratório inferior associadas ao 
VSR foi semelhante entre os estudos, aos seis 
meses após a imunização no HARMONIE 
(75,7%, IC 95%: 32,8% a 92,9%) e desde o 
nascimento no MATISSE (69,4%, IC 97,58%: 
44,3% a 84,1%). No entanto, como observa o 
JCVI,2 as definições de doença grave e hospi-
talização diferiram entre os estudos.

A eficácia e viabilidade do nirsevimabe 
são apoiadas por um estudo observacional 
pragmático com 23.127 bebés imunizados 
na Catalunha no inverno de 2023–2024.5 

Para os imunizados versus os não imuniza-
dos, houve alta eficácia contra hospitalização 
relacionada ao VSR (87,6%, IC 95%: 82,1% 
a 91,4%) e admissão em unidade de terapia 
intensiva pediátrica (90,1%, IC 95%: 76,3% 
a 95,9%). Esse programa atingiu 87,2% de 
cobertura entre os bebés elegíveis, mas não 
relatou eficácia ou cobertura entre prema-
turos. Importante destacar que todos os 
estudos mencionados demonstram possibi-
lidade de infecção entre bebés imunizados, 
o que é desejável para a geração de imuni-
dade do hospedeiro, já que a imunidade pas-
siva derivada de anticorpos monoclonais ou
maternos diminui com o tempo. No entanto,
como resultado, é provável que não haja
redução significativa na transmissão viral
com nenhuma das estratégias, ao contrário
de programas que visam imunidade coletiva.

Bebés prematuros têm maior risco de 
hospitalização por bronquiolite 
Bebés prematuros apresentam risco 
significativamente maior de hospitalização 
e complicações por bronquiolite associada 
ao VSR do que bebés nascidos a termo. Um 
grande estudo observacional (BronchStart), 
realizado na Inglaterra, Escócia e Irlanda 
durante duas temporadas pós-pandemia de 

Atenção à lacuna (dos prematuros): a 
desigualdade na atual abordagem de 
imunização contra o VSR no Reino Unido 
deixará muitos bebés prematuros 
desprotegidos contra o vírus neste inverno
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VSR, demonstrou que bebés nascidos com 
menos de 28 semanas de gestação têm risco 
aumentado de internação por bronquiolite 
(OR 3,28; IC 95%: 2,48 a 4,36),6 em 
comparação com os nascidos a termo. Esse 
risco permanece elevado entre os nascidos 
entre 32 e 36 semanas (OR 1,91; IC 95%: 1,71 
a 2,14). Além disso, a admissão em unidades 
de terapia intensiva pediátrica (UTIP) foi 
mais de cinco vezes maior entre todos os 
bebés prematuros (RR 5,69; IC 95%: 4,05 a 
7,96). Esses dados não foram desagregados 
entre bebés com e sem outras condições 
de alto risco que os tornariam elegíveis 
para imunização passiva com anticorpos 
monoclonais no programa atual de alto risco 
(informações suplementares online).

A abordagem do Reino Unido para 
imunização contra o VSR gera 
desigualdade no cuidado de bebés 
prematuros 
Os programas infantis de imunização contra 
o VSR no Reino Unido incluem vacinação
materna a partir da 28ª semana de gestação,
juntamente com o programa existente de
anticorpos monoclonais para bebés a termo
e prematuros com alto risco. O programa
de alto risco agora recomenda o uso de
nirsevimabe (anteriormente palivizumabe),
quando disponível. O nirsevimabe é um
anticorpo monoclonal de longa duração
administrado em dose única no início da
temporada de VSR. Como o fornecimento
de nirsevimabe será limitado devido à
demanda internacional, o palivizumabe
pode ser usado como alternativa, mas requer
injeções mensais durante toda a temporada.

Os bebés elegíveis apresentam caracte-
rísticas de alto risco, como comorbidades 
respiratórias, cardíacas ou imunológicas, ou 
prematuridade associada a comorbidades 
respiratórias ou cardíacas (resumidas nas 
informações suplementares online). Embora o 
“Green Book” sugira que o julgamento clínico 
pode ser usado para oferecer imunização com 
anticorpos monoclonais a doentes “com risco 
particular de complicações por VSR”, o JCVI 
observou que “não há um sistema fácil para 
obter vacinação contra o VSR com base no 
julgamento clínico no NHS”.2

Bebés nascidos antes das 28 semanas não 
beneficiarão da imunização materna. Aqueles 
nascidos entre 28 e 30 semanas terão benefício 
limitado ou nenhum, e após as 30 semanas 
podem ter algum benefício (não definido) 
com a transferência de anticorpos maternos. 
No entanto, está bem estabelecido que os 
bebés prematuros têm níveis mais baixos de 
anticorpos maternos, que atingem o pico no 
termo, e os títulos de anticorpos protetores 
nesses bebés diminuem mais rapidamente.7

Dado que poucos bebés nasceram prematuros 
no estudo MATISSE (n=371),4 é improvável 
que estejam disponíveis dados estatisticamente 
significativos sobre a eficácia por idade 
gestacional. Pode ser possível determinar 
um limite inferior de gestação para o qual foi 
demonstrada uma eficácia protetora aceitável 
(ou seja, o tempo entre a vacinação materna 
e o parto). Esta desigualdade na proteção foi 
considerada na decisão do JCVI, que observou 
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que “o nascimento prematuro comprometeria 
a quantidade de anticorpos maternos 
disponíveis para o bebé, sendo assim provável 
que fosse necessário o uso suplementar de 
MAB [anticorpo monoclonal] para os bebés 
mais prematuros.”2

Mesmo que a imunização seja oferecida a 
todas as mães e bebés elegíveis, e com adesão 
total, um número significativo de bebés 
prematuros terá imunidade protetora limitada 
ou inexistente (representado na figura 1). 
Com base nos dados do Escritório Nacional 
de Estatísticas de 2022, bebés nascidos com 
menos de 32 semanas representam 1,23% dos 
nascimentos vivos (n=7447 em 2022).8 Apenas 
0,23% de todos os nascimentos prematuros 
são elegíveis para imunização monoclonal 
dentro do programa de alto risco, com base 
em dados de saúde de 2010–2016.9 Esse estudo 
também demonstrou que apenas um terço 
dos bebês elegíveis recebeu ao menos uma 
dose de palivizumabe, possivelmente devido 
à complexidade dos critérios de elegibilidade 
por idade gestacional e cronológica. 
Combinando esses dados, estima-se que cerca 
de 1% de todos os nascimentos vivos (n=6154 
bebés em 2022) com menos de 32 semanas 
de gestação atualmente não seriam elegíveis 
para imunização monoclonal e não teriam 
imunidade suficiente da vacinação materna, 
mesmo com adesão total.

Após o anúncio do programa de vacinação 
materna, não houve medidas para garantir 
proteção igualitária para bebés prematuros, 
considerando a cobertura universal oferecida 
aos bebês a termo. É lamentável que a provisão 
para bebés prematuros não tenha sido 
simultaneamente incluída na licitação para 
profilaxia universal contra o VSR. Há uma 

complexidade significativa na implementação 
de uma solução temporária neste inverno e 
na reconfiguração da oferta de anticorpos 
monoclonais posteriormente, com limitações 
na aquisição económica e no fornecimento do 
produto. O subcomité do JCVI sobre o VSR 
se reuniu em junho de 2024, e aguardamos 
o resultado da reunião completa do comité
em outubro de 2024. No entanto, novas
recomendações neste estágio correm o risco
de deixar pouco tempo para a contratação,
fornecimento e distribuição do nirsevimabe
para bebês prematuros desprotegidos.

CONCLUSÃO 
O programa de imunização materna contra 
o VSR é extremamente bem-vindo, mas
deixa uma parcela de bebés prematuros sem
a proteção conferida aos bebés a termo. A
maioria dos prematuros não é elegível para
imunização monoclonal dentro do programa
de “alto risco”, embora tenha maior risco de
hospitalização por VSR do que os bebés a
termo. Será necessário expandir a oferta de
anticorpos monoclonais para incluir todos os
bebês prematuros que não se beneficiam da
vacinação materna, a fim de garantir equidade
no cuidado nesta e nas futuras temporadas de
VSR. Uma adaptação rápida da política atual
é necessária para esta temporada.
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Na sua carta ao Archives of Disease 
in Childhood (ADC)1, Charlesworth 
chama corretamente a atenção para 
uma importante iniciativa de prevenção 
contra o vírus sincicial respiratório (VSR), 
recomendada pelo Comité Conjunto de 
Vacinação e Imunização (JCVI) e com início 
previsto para este ano. Espera-se que essa 
medida tenha um grande impacto na prática 
pediátrica, ao conter o número excessivo de 
bebês com bronquiolite e reduzir a pressão 
sobre as enfermarias pediátricas do Serviço 
Nacional de Saúde (NHS) durante o inverno, 
se for plenamente implementada.

Este é um marco significativo na medicina 
preventiva, resultado de uma década em que 
o JCVI vem destacando a importância da
prevenção do VSR para melhorar a saúde
infantil, além de vários anos de análise e
discussão dos novos produtos profiláticos
contra o VSR à medida que se aproximavam
da aprovação.

Ao final das deliberações do JCVI, foram 
feitas recomendações ao Departamento 
de Saúde e Assistência Social (DHSC) em 
setembro de 20232 para um programa de 
prevenção contra o VSR, considerando 
dois produtos disponíveis: uma vacina 
contra o VSR a ser administrada durante 
a gravidez (proporcionando proteção ao 
bebé por meio da transferência placentária 
de anticorpos maternos) ou um anticorpo 
monoclonal administrado diretamente ao 
recém-nascido. As evidências dos ensaios 
clínicos existentes indicavam que ambos 
os produtos teriam impacto substancial 
na redução de hospitalizações e admissões 
em unidades de terapia intensiva por VSR. 
Apesar das diferenças nos desenhos dos 
estudos e nos critérios de avaliação, ambos 
os produtos eram considerados aceitáveis 
e provavelmente trariam benefícios 
significativos na prevenção da doença por 
VSR na infância. O NHS considerou que 
qualquer um dos produtos poderia ser 
facilmente implementado no programa.

Desde a recomendação do JCVI, o uso 
precoce do nirsevimabe na Espanha3 e 
em Luxemburgo4 durante a temporada 
2023/2024 confirmou os resultados dos 
ensaios clínicos, mostrando grandes 
reduções nas hospitalizações por VSR em 

uso real. Dados de impacto em uso real para 
a vacina administrada na gravidez ainda não 
estão disponíveis, e as primeiras análises dos 
EUA (temporada 2023/2024) e da Argentina 
(inverno de 2024 no Hemisfério Sul) são 
aguardadas com expectativa.

Após a recomendação do JCVI, a Agência 
de Segurança da Saúde do Reino Unido 
(UKHSA) abriu licitação para um produto 
profilático contra o VSR, visando o melhor 
uso dos recursos públicos com base nas 
análises de custo-benefício do JCVI. A 
vacina (produzida pela Pfizer) venceu 
a licitação, e o programa de vacinação 
durante a gravidez deve começar neste mês 
de setembro, com oferta da vacina a partir 
da 28ª semana de gestação.

O uso da vacina materna significa que a 
maioria dos bebés pode ser protegida contra 
formas graves de VSR, desde que a mãe 
receba a dose antes do parto. No entanto, 
como Charlesworth aponta corretamente, os 
bebês nascidos com menos de 30–32 semanas 
de gestação podem não se beneficiar, seja 
porque a mãe ainda não foi vacinada, seja 
porque o bebé nasce antes que ocorra uma 
transferência placentária significativa dos 
anticorpos induzidos pela vacina.

Embora a maioria das hospitalizações 
por VSR envolva bebés nascidos a termo, o 
risco individual de hospitalização é muito 
maior entre os prematuros, o que cria uma 
situação insatisfatória em que uma minoria 
importante de bebés não pode se beneficiar 
dessa proteção.

Antes das recomendações universais de 
setembro de 2023, o JCVI havia aconselhado 
que o programa para bebés de alto risco 
(atualmente baseado em múltiplas doses 
do anticorpo monoclonal palivizumabe, 
administradas ao longo da temporada de 
VSR) fosse substituído por uma única dose 
do recém-licenciado anticorpo monoclonal 
de meia-vida estendida, o nirsevimabe, para 
a temporada 2023/2024. Não foi possível 
adquirir esse produto para o NHS, e o 
uso do palivizumabe continuou na última 
temporada como anteriormente. Espera-se 
que o programa com palivizumabe seja 
mantido novamente no Reino Unido em 
2024/2025.

O JCVI observou que um programa mais 
amplo com anticorpos monoclonais para 
bebês prematuros teria que ser considerado, 
caso a vacinação materna contra o VSR 
(em vez do monoclonal) fosse usada como 
estratégia universal — como agora sabemos 
que é o caso. O JCVI continua a revisar 
ativamente essa questão.

Enquanto houver essa lacuna na oferta 
de proteção universal por meio da vacina, 
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há vantagens potenciais — embora ainda 
não comprovadas — como a proteção da 
mãe contra o VSR, o que pode reduzir o 
risco de transmissão ao bebé, e a indução 
de uma resposta imunológica mais ampla, 
que poderia diminuir o risco de mutações 
no vírus que levem à evasão vacinal.

Além do uso no NHS, talvez o aspecto mais 
importante seja que as vacinas podem ser 
produzidas com maior rendimento do que 
os anticorpos monoclonais, aumentando o 
potencial de preços acessíveis que poderiam 
viabilizar o acesso global. Cerca de 97% das 
100.000 mortes anuais por VSR ocorrem 
em países de baixa e média renda, onde 
o impacto da prevenção será muito mais
profundo do que em países de alta renda.5

A UKHSA continuará monitorizando 
a epidemiologia do VSR e o impacto do 
programa para apoiar o JCVI, que fornecerá 
aconselhamento contínuo ao DHSC sobre 
o acesso equitativo à prevenção do VSR
para todos os bebés, incluindo a análise de
novos produtos que aumentarão a oferta e as
opções no futuro.

Como Charlesworth afirma corretamente, 
o início da prevenção contra o VSR no Reino
Unido é “extremamente bem-vindo”. Nós
iríamos além em nosso entusiasmo pelas
bases do programa do NHS contra o VSR
deste ano, pois esperamos olhar para 2024
como o início de uma nova era na pediatria.
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