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*  Beyfortus® é indicado para a prevenção de doença das vias respiratórias inferiores causada pelo RSV em:
i) recém-nascidos e lactentes durante a sua primeira época do RSV;
ii) crianças até aos 24 meses de idade que permanecem vulneráveis a doença grave pelo RSV durante a sua segunda época do RSV.1

Beyfortus® deve ser utilizado de acordo com as recomendações oficiais.1

Contraindicações: hipersensibilidade à substância ativa ou a qualquer um dos excipientes.1

O poder de  
reduzir o caos  
na época do RSV

DISPONÍVEL
NA ÉPOCA 2024/25 PARA AS 

CRIANÇAS ELEGÍVEIS*

**  Beyfortus® proporciona pelo menos 5 meses de proteção contra  
a doença do trato respiratório inferior causada pelo RSV, com base em 
dados clínicos e farmacocinéticos.1

†  Para lactentes durante a sua primeira época do RSV, a dose 
recomendada é uma dose única de 50 mg para lactentes com peso 
corporal <5 kg e uma dose única de 100 mg para lactentes com peso 
corporal ≥5 kg, administrada por via intramuscular. Para crianças que 
permanecem vulneráveis a doença grave pelo RSV durante a sua 
segunda época do RSV, a dose recomendada é uma dose única de 
200 mg administrada sob a forma de duas injeções intramusculares 
(2 x 100 mg). Para crianças submetidas a cirurgia cardíaca com bypass 
cardiopulmonar, pode ser administrada uma dose adicional logo 
que se verifique estabilização da criança após cirurgia, para garantir 
níveis séricos adequados de nirsevimab.1 Consulte o Resumo das 

Características do Medicamento para obter informações completas 
sobre a dosagem nesta circunstância.

‡  Com base nos resultados de dois ensaios multicêntricos aleatorizados, 
em dupla ocultação e controlados por placebo.3 O endpoint primário  
foi a incidência de ITRI medicamente assistida (incluindo hospitalização), 
causada por RSV confirmado por RT-PCR. Eficácia demonstrada até  
150 dias após a administração.1–3

–  Ensaio de fase 2b: A população do estudo incluiu 1453 crianças
grande prematuras e prematuras moderadas (IG ≥ 29 e < 35 semanas)
que entravam na sua primeira época de RSV. As criancas receberam
uma dose única intramuscular de 50 mg de Beyfortus® (n=969) ou
placebo (n=484). Redução do risco relativo (RRR) em ITRI-RSV MA
de 70,1% (IC de 95%: 52,3-81,2; p < 0,001). A incidência foi de 2,6% com

Informações essenciais compatíveis com o Resumo das Características 
do Medicamento

 Este medicamento está sujeito a monitorização adicional. Isto irá 
permitir a rápida identificação de nova informação de segurança. Pede-se 
aos profissionais de saúde que notifiquem quaisquer suspeitas de reações 
adversas. Para saber como notificar reações adversas, ver secção “Efeitos 
Indesejáveis”. 
Nome do medicamento Beyfortus 50 mg solução injetável em seringa 
pré-cheia e Beyfortus 100 mg solução injetável em seringa pré-cheia. 
Composição Qualitativa e Quantitativa Cada seringa pré-cheia contém 
50 mg de nirsevimab em 0,5 ml (100 mg/ml) e 100 mg de nirsevimab em 
1 ml (100 mg/ml), respetivamente. Nirsevimab é um anticorpo monoclonal 
humano imunoglobulina G1 kappa (IgG1к) produzido em células de 
ovário de hamster Chinês (CHO) por tecnologia de ADN recombinante. 
Lista completa de excipientes, ver secção 6.1 do RCM completo. Forma 
Farmacêutica: Solução injetável (injetável). Solução transparente  
a opalescente, incolor a amarela, pH 6,0. Indicações terapêuticas: Beyfortus 
é indicado para a prevenção de doença das vias respiratórias inferiores 
causada pelo Vírus Sincicial Respiratório (VSR), em: i. Recém-nascidos 
e lactentes durante a sua primeira época do VSR; ii. Crianças até aos  
24 meses de idade que permanecem vulneráveis a doença grave pelo VSR 
durante a sua segunda época do VSR (ver secção 5.1 do RCM completo). 
Beyfortus deve ser utilizado de acordo com as recomendações oficiais. 
Posologia e modo de administração: Posologia: Lactentes durante  
a sua primeira época do VSR - A dose recomendada é uma dose única de  
50 mg administrados por via intramuscular para lactentes com peso corporal  
<5 kg e uma dose única de 100 mg administrados por via intramuscular 
para lactentes com peso corporal ≥5 kg. Beyfortus deve ser administrado 
desde o nascimento em lactentes nascidos durante a época do VSR. Para 
outros nascidos fora da época, Beyfortus deve ser administrado idealmente 
antes da época do VSR. A posologia em lactentes com um peso corporal 
entre 1,0 kg a <1,6 kg é baseada em extrapolação, não existem dados  
clínicos disponíveis. Prevê-se que a exposição em lactentes com <1 kg 
produza exposições mais elevadas do que naqueles que pesam mais. 
Devem ser considerados cuidadosamente os benefícios e riscos da  

utilização de nirsevimab em lactentes <1 kg. Os dados disponíveis em 
lactentes prematuros extremos (Idade Gestacional [IG] <29 semanas) com 
menos de 8 semanas de idade, são limitados. Não existem dados clínicos 
disponíveis em lactentes com idade pós-menstrual (idade gestacional  
ao nascimento mais idade cronológica) com menos de 32 semanas (ver 
secção 5.1 do RCM completo). Crianças que permanecem vulneráveis  
a doença grave pelo VSR durante a sua segunda época do VSR - A dose 
recomendada é uma dose única de 200 mg administrada sob a forma de 
duas injeções intramusculares (2 x 100 mg). Beyfortus deve ser administrado, 
idealmente, antes do início da segunda época do VSR. Em índividuos 
submetidos a cirurgia cardíaca com bypass cardiopulmonar, pode ser 
administrada uma dose adicional logo que se verifique estabilização 
do indivíduo após cirurgia, para garantir níveis séricos adequados de 
nirsevimab. Se estiverem dentro dos 90 dias, após receberem a primeira 
dose de Beyfortus, a dose adicional durante a primeira época do VSR deve 
ser de 50 mg ou 100 mg de acordo com o peso corporal, ou de 200 mg 
durante a segunda época do VSR. Se decorrerem mais de 90 dias desde 
a primeira dose, a dose adicional pode ser uma dose única de 50 mg 
independentemente do peso corporal, durante a primeira época do VSR, 
ou 100 mg durante a segunda época do VSR, para cobrir a época do VSR 
remanescente. A segurança e eficácia de nirsevimab em crianças com idade 
compreendida entre os 2 e os 18 anos não foram estabelecidas. Não existem 
dados disponíveis. Modo de administração: Beyfortus é apenas para injeção 
intramuscular. É administrado por via intramuscular, preferencialmente 
na zona anterolateral da coxa. O músculo glúteo não deve ser utilizado por 
rotina como um local de injeção, devido ao risco de lesão no nervo ciático. 
Se forem necessárias duas injeções, devem ser utilizados locais de injeção 
diferentes. Para instruções sobre requisitos especiais de manuseamento 
(ver secção 6.6. do RCM completo) Contraindicações: Hipersensibilidade 
à substância ativa ou a qualquer um dos excipientes mencionados na 
secção 6.1 do RCM completo. Efeitos indesejáveis: Resumo do perfil de 
segurança A reação adversa mais frequente foi erupção cutânea (0,7%), 
que ocorreu dentro de 14 dias após a administração. A maioria dos casos 
foi de intensidade ligeira a moderada. Adicionalmente, pirexia e reações no 
local da injeção foram notificadas com uma taxa de 0,5% e 0,3% dentro de 

Beyfortus® versus 9,5% com placebo.1,2 Os tipos e as frequências 
dos acontecimentos adversos foram semelhantes nos grupos de 
Beyfortus® e de placebo.2

– Ensaio MELODY de fase 3: A população do estudo incluiu 3012 
crianças de termo e prematuras tardias (IG ≥ 35 semanas) que 
entravam na sua primeira época de RSV. As criancas receberam uma 
dose única intramuscular de 50 mg de Beyfortus®, se peso corporal 
<5 kg ou 100 mg de Beyfortus® se peso corporal ≥5 kg no momento 
da administração de Beyfortus® (n=2009), ou de placebo (n=1003). 
RRR em ITRI por RSV medicamente assistida de 76,4% (IC de 95%: 
62,3-85,2). A incidência foi de 1,2% com Beyfortus® versus 5,4% com 
placebo.1,3 Os tipos e as frequências dos acontecimentos adversos 
foram semelhantes nos bracos de Beyfortus® e placebo.3,4

§ As reações adversas notificadas em crianças que receberam Beyfortus®

em ensaios clinicos, foram erupção cutânea, reação no local da injeção 
e pirexia. A ocorrência foi pouco frequente (≥ 1/1.000 a < 1/100).1

IC, intervalo de confiança; IG, idade gestacional; DTRI, doença do 
trato respiratório inferior; ITRI, infeção do trato respiratório inferior; 
MA, medicamente assistida; RRR, redução do risco relativo; RSV, vírus 
sincicial respiratório; RT-PCR, reação em cadeia da polimerase via 
transcriptase reversa.
1. Beyfortus®. Resumo das Caracteristicas do Medicamento (RCM) de 
Beyfortus. Agosto 2024 2. Griffin MP et al. N Engl J Med 2020; 383(5): 
415–425. 3. Muller WJ et al. N Engl J Med 2023; 388(16): 1533–1534. 4. Hammitt 
LL et al. N Engl J Med 2022; 386(9): 837–846.

7 dias após a administração, respetivamente. As reações no local da injeção 
não foram graves.
Lista tabelada de reações adversas A tabela 1 apresenta as reações adversas 
notificadas em 2966 lactentes de termo e pré-termo (IG ≥29 semanas) que 
receberam nirsevimab em ensaios clínicos. As reações adversas notificadas 
a partir de ensaios clínicos controlados são classificadas por Classe de 
Sistema de Órgãos (CSO) MedDRA. Dentro de cada CSO, os termos 
preferenciais são apresentados por frequência decrescente e em seguida 
por ordem decrescente de gravidade. As frequências de ocorrência de 
reações adversas são definidas como: muito frequentes (≥1/10); frequentes 
(≥1/100a<1/10);poucofrequentes(≥1/1000a<1/100); raros(≥1/10000a<1/1000); 
muito raros (<1/10 000) e desconhecido (não pode ser calculado a partir 
dos dados disponíveis). REAÇÕES ADVERSAS FREQUÊNCIA Afeções dos 
tecidos cutâneos e subcutâneos Erupção cutâneaa – Pouco frequentes; 
Perturbações gerais e alterações no local de administração Reação no 
local de injeçãob, pirexia – Pouco frequentes. aErupção cutânea foi definida 
pelos seguintes grupos de termos preferenciais: erupção cutânea, erupção 
maculopapular, erupção macular. bReação no local da injeção foi definida 
pelos seguintes grupos de termos preferenciais: reação no local da injeção, 
dor no local da injeção, endurecimento no local da injeção, edema no local 
da injeção, inchaço no local da injeção. Lactentes com risco mais elevado 
de doença grave pelo VSR na sua primeira época: A segurança foi avaliada 
no MEDLEY em 918 lactentes com risco mais elevado de doença grave por 
VSR, incluindo 196 lactentes extremamente prematuros (IG <29 semanas) 
e 306 lactentes com doença pulmonar crónica por prematuridade, ou 
doença cardíaca congénita hemodinamicamente significativa a entrar 
na sua primeira época do VSR, que receberam nirsevimab (n=614) ou 
palivizumab (n=304). O perfil de segurança de nirsevimab em lactentes 
que receberam nirsevimab na sua primeira época do VSR foi comparável 
ao comparador palivizumab e consistente com o perfil de segurança 
de nirsevimab em lactentes de termo e pré-termo com IG ≥29 semanas 
(D5290C00003 e MELODY). Lactentes que permanecem vulneráveis 
a doença grave pelo VSR na sua segunda época: A segurança foi avaliada no 
MEDLEY em 220 crianças com doença pulmonar crónica da prematuridade 
ou com doença cardíaca congénita hemodinamicamente significativa 

que receberam nirsevimab ou palivizumab na primeira época do VSR 
e que continuaram a receber nirsevimab na sua segunda época do VSR 
(180 participantes receberam nirsevimab nas épocas 1 e 2; 40 receberam 
palivizumab na época 1 e nirsevimab na época 2). O perfil de segurança 
de nirsevimab em crianças que receberam nirsevimab na sua segunda 
época do VSR foi consistente com o perfil de segurança de nirsevimab 
em lactentes de termo e pré-termo com IG ≥29 semanas (D5290C00003 
e MELODY). A segurança foi também avaliada no MUSIC, um ensaio em 
regime aberto, não controlado, de dose única em 100 lactentes e crianças 
imunocomprometidos com ≤24 meses, que receberam nirsevimab na 
sua primeira ou segunda época do RSV. Isto incluiu participantes com 
pelo menos uma das seguintes condições: imunodeficiência (combinada, 
anticorpos ou outra etiologia) (n=33); corticoterapia sistémica de dose 
elevada (n=29); transplante de órgão ou de medula óssea (n=16); a receber 
quimioterapia imunossupressora (n=20); outra terapia imunossupressora 
(n=15) e infeção por VIH (n=8). O perfil de segurança de nirsevimab foi 
consistente com o esperado para uma população de crianças 
imunocomprometidas e com o perfil de segurança de nirsevimab em 
lactentes de termo e pré-termo com IG ≥29 semanas (D5290C00003 
e MELODY). O perfil de segurança de nirsevimab em crianças durante 
a sua segunda época do VSR foi consistente com o perfil de segurança de 
nirsevimab observado durante a sua primeira época do VSR. Notificação 
de suspeitas de reações adversas A notificação de suspeitas de reações 
adversas após a autorização do medicamento é importante, uma vez 
que permite uma monitorização contínua da relação benefício-risco 
do medicamento. Pede-se aos profissionais de saúde que notifiquem 
quaisquer suspeitas de reações adversas diretamente ao INFARMED, I.P.: 
Sítio da internet: http://www.infarmed.pt/web/infarmed/submissaoram
(preferencialmente) ou através dos seguintes contactos: Direção de Gestão 
do Risco de Medicamentos, Parque da Saúde de Lisboa, Av. Brasil 53, 
1749-004 Lisboa, Tel: +351 21 798 73 73. Linha do Medicamento: 800222444 
(gratuita) E-mail: farmacovigilancia@infarmed.pt Data de revisão do 
texto: agosto 2024. Medicamento sujeito a receita médica. Para mais 
informações, contactar o Representante Local do Titular da Autorização de 
Introdução no Mercado.
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Beyfortus® é um anticorpo de ação prolongada e direta desenvolvido para 
proteger todos os recém-nascidos e lactentes*, contra a doença do trato 
respiratório inferior (DTRI) provocada pelo vírus sincicial respiratório (RSV).**,1

Uma única dose reduziu o risco de infeção do trato respiratório inferior por 
RSV que requer assistência médica (ITRI-RSV MA) vs. placebo em recém-
nascidos e lactentes.†,‡,§,1–3



* Beyfortus® é indicado para a prevenção de doença das vias respiratórias inferiores causada pelo RSV em:
i) recém-nascidos e lactentes durante a sua primeira época do RSV; 
ii) crianças até aos 24 meses de idade que permanecem vulneráveis a doença grave pelo RSV durante a sua segunda época do RSV.1

Beyfortus® deve ser utilizado de acordo com as recomendações oficiais.1

Contraindicações: hipersensibilidade à substância ativa ou a qualquer um dos excipientes.1

O poder de  
reduzir o caos  
na época do RSV

DISPONÍVEL
NA ÉPOCA 2024/25 PARA AS 

CRIANÇAS ELEGÍVEIS*

** Beyfortus® proporciona pelo menos 5 meses de proteção contra 
a doença do trato respiratório inferior causada pelo RSV, com base em 
dados clínicos e farmacocinéticos.1

† Para lactentes durante a sua primeira época do RSV, a dose 
recomendada é uma dose única de 50 mg para lactentes com peso 
corporal <5 kg e uma dose única de 100 mg para lactentes com peso 
corporal ≥5 kg, administrada por via intramuscular. Para crianças que 
permanecem vulneráveis a doença grave pelo RSV durante a sua 
segunda época do RSV, a dose recomendada é uma dose única de 
200 mg administrada sob a forma de duas injeções intramusculares 
(2 x 100 mg). Para crianças submetidas a cirurgia cardíaca com bypass
cardiopulmonar, pode ser administrada uma dose adicional logo 
que se verifique estabilização da criança após cirurgia, para garantir 
níveis séricos adequados de nirsevimab.1 Consulte o Resumo das 

Características do Medicamento para obter informações completas 
sobre a dosagem nesta circunstância.

‡ Com base nos resultados de dois ensaios multicêntricos aleatorizados, 
em dupla ocultação e controlados por placebo.3 O endpoint primário 
foiaincidênciadeITRImedicamenteassistida(incluindohospitalização), 
causada por RSV confirmado por RT-PCR. Eficácia demonstrada até 
150 dias após a administração.1–3

– Ensaio de fase 2b: A população do estudo incluiu 1453 crianças 
grande prematuras e prematuras moderadas (IG ≥ 29 e < 35 semanas) 
que entravam na sua primeira época de RSV. As criancas receberam 
uma dose única intramuscular de 50 mg de Beyfortus® (n=969) ou 
placebo (n=484). Redução do risco relativo (RRR) em ITRI-RSV MA 
de 70,1% (IC de 95%: 52,3-81,2; p < 0,001). A incidência foi de 2,6% com 

Informações essenciais compatíveis com o Resumo das Características 
do Medicamento

Este medicamento está sujeito a monitorização adicional. Isto irá 
permitir a rápida identificação de nova informação de segurança. Pede-se 
aos profissionais de saúde que notifiquem quaisquer suspeitas de reações 
adversas. Para saber como notificar reações adversas, ver secção “Efeitos 
Indesejáveis”. 
Nome do medicamento Beyfortus 50 mg solução injetável em seringa 
pré-cheia e Beyfortus 100 mg solução injetável em seringa pré-cheia. 
Composição Qualitativa e Quantitativa Cada seringa pré-cheia contém 
50 mg de nirsevimab em 0,5 ml (100 mg/ml) e 100 mg de nirsevimab em 
1 ml (100 mg/ml), respetivamente. Nirsevimab é um anticorpo monoclonal 
humano imunoglobulina G1 kappa (IgG1к) produzido em células de 
ovário de hamster Chinês (CHO) por tecnologia de ADN recombinante. 
Lista completa de excipientes, ver secção 6.1 do RCM completo. Forma 
Farmacêutica: Solução injetável (injetável). Solução transparente 
a opalescente, incolor a amarela, pH 6,0. Indicações terapêuticas: Beyfortus 
é indicado para a prevenção de doença das vias respiratórias inferiores 
causada pelo Vírus Sincicial Respiratório (VSR), em: i. Recém-nascidos 
e lactentes durante a sua primeira época do VSR; ii. Crianças até aos 
24 meses de idade que permanecem vulneráveis a doença grave pelo VSR 
durante a sua segunda época do VSR (ver secção 5.1 do RCM completo). 
Beyfortus deve ser utilizado de acordo com as recomendações oficiais. 
Posologia e modo de administração: Posologia: Lactentes durante 
a sua primeira época do VSR - A dose recomendada é uma dose única de 
50 mg administrados por via intramuscular para lactentes com peso corporal 
<5 kg e uma dose única de 100 mg administrados por via intramuscular 
para lactentes com peso corporal ≥5 kg. Beyfortus deve ser administrado 
desde o nascimento em lactentes nascidos durante a época do VSR. Para 
outros nascidos fora da época, Beyfortus deve ser administrado idealmente 
antes da época do VSR. A posologia em lactentes com um peso corporal 
entre 1,0 kg a <1,6 kg é baseada em extrapolação, não existem dados 
clínicos disponíveis. Prevê-se que a exposição em lactentes com <1 kg 
produza exposições mais elevadas do que naqueles que pesam mais. 
Devem ser considerados cuidadosamente os benefícios e riscos da 

utilização de nirsevimab em lactentes <1 kg. Os dados disponíveis em 
lactentes prematuros extremos (Idade Gestacional [IG] <29 semanas) com 
menos de 8 semanas de idade, são limitados. Não existem dados clínicos 
disponíveis em lactentes com idade pós-menstrual (idade gestacional 
ao nascimento mais idade cronológica) com menos de 32 semanas (ver 
secção 5.1 do RCM completo). Crianças que permanecem vulneráveis 
a doença grave pelo VSR durante a sua segunda época do VSR - A dose 
recomendada é uma dose única de 200 mg administrada sob a forma de 
duasinjeçõesintramusculares(2x100mg).Beyfortusdeveseradministrado, 
idealmente, antes do início da segunda época do VSR. Em índividuos 
submetidos a cirurgia cardíaca com bypass cardiopulmonar, pode ser 
administrada uma dose adicional logo que se verifique estabilização 
do indivíduo após cirurgia, para garantir níveis séricos adequados de 
nirsevimab. Se estiverem dentro dos 90 dias, após receberem a primeira 
dose de Beyfortus, a dose adicional durante a primeira época do VSR deve 
ser de 50 mg ou 100 mg de acordo com o peso corporal, ou de 200 mg 
durante a segunda época do VSR. Se decorrerem mais de 90 dias desde 
a primeira dose, a dose adicional pode ser uma dose única de 50 mg 
independentemente do peso corporal, durante a primeira época do VSR, 
ou 100 mg durante a segunda época do VSR, para cobrir a época do VSR 
remanescente.Asegurançaeeficáciadenirsevimabemcriançascomidade 
compreendida entre os 2 e os 18 anos não foram estabelecidas. Não existem 
dados disponíveis. Modo de administração: Beyfortus é apenas para injeção 
intramuscular. É administrado por via intramuscular, preferencialmente 
na zona anterolateral da coxa. O músculo glúteo não deve ser utilizado por 
rotina como um local de injeção, devido ao risco de lesão no nervo ciático. 
Se forem necessárias duas injeções, devem ser utilizados locais de injeção 
diferentes. Para instruções sobre requisitos especiais de manuseamento 
(ver secção 6.6. do RCM completo) Contraindicações: Hipersensibilidade 
à substância ativa ou a qualquer um dos excipientes mencionados na 
secção 6.1 do RCM completo. Efeitos indesejáveis: Resumo do perfil de 
segurança A reação adversa mais frequente foi erupção cutânea (0,7%), 
que ocorreu dentro de 14 dias após a administração. A maioria dos casos 
foi de intensidade ligeira a moderada. Adicionalmente, pirexia e reações no 
local da injeção foram notificadas com uma taxa de 0,5% e 0,3% dentro de 

Beyfortus® versus 9,5% com placebo.1,2 Os tipos e as frequências 
dos acontecimentos adversos foram semelhantes nos grupos de 
Beyfortus® e de placebo.2

–  Ensaio MELODY de fase 3: A população do estudo incluiu 3012
crianças de termo e prematuras tardias (IG ≥ 35 semanas) que
entravam na sua primeira época de RSV. As criancas receberam uma
dose única intramuscular de 50 mg de Beyfortus®, se peso corporal
<5 kg ou 100 mg de Beyfortus® se peso corporal ≥5 kg no momento
da administração de Beyfortus® (n=2009), ou de placebo (n=1003).
RRR em ITRI por RSV medicamente assistida de 76,4% (IC de 95%:
62,3-85,2). A incidência foi de 1,2% com Beyfortus® versus 5,4% com
placebo.1,3 Os tipos e as frequências dos acontecimentos adversos
foram semelhantes nos bracos de Beyfortus® e placebo.3,4

§  As reações adversas notificadas em crianças que receberam Beyfortus®

em ensaios clinicos, foram erupção cutânea, reação no local da injeção
e pirexia. A ocorrência foi pouco frequente (≥ 1/1.000 a < 1/100).1

 IC, intervalo de confiança; IG, idade gestacional; DTRI, doença do
trato respiratório inferior; ITRI, infeção do trato respiratório inferior;
MA, medicamente assistida; RRR, redução do risco relativo; RSV, vírus
sincicial respiratório; RT-PCR, reação em cadeia da polimerase via
transcriptase reversa.
1. Beyfortus®. Resumo das Caracteristicas do Medicamento (RCM) de
Beyfortus. Agosto 2024 2. Griffin MP et al. N Engl J Med 2020; 383(5):
415–425. 3. Muller WJ et al. N Engl J Med 2023; 388(16): 1533–1534. 4. Hammitt
LL et al. N Engl J Med 2022; 386(9): 837–846.

7 dias após a administração, respetivamente. As reações no local da injeção 
não foram graves.
Lista tabelada de reações adversas A tabela 1 apresenta as reações adversas 
notificadas em 2966 lactentes de termo e pré-termo (IG ≥29 semanas) que 
receberam nirsevimab em ensaios clínicos. As reações adversas notificadas 
a partir de ensaios clínicos controlados são classificadas por Classe de 
Sistema de Órgãos (CSO) MedDRA. Dentro de cada CSO, os termos 
preferenciais são apresentados por frequência decrescente e em seguida 
por ordem decrescente de gravidade. As frequências de ocorrência de 
reações adversas são definidas como: muito frequentes (≥1/10); frequentes 
(≥1/100 a <1/10); pouco frequentes (≥1/1000 a <1/100); raros (≥1/10 000 a <1/1000); 
muito raros (<1/10 000) e desconhecido (não pode ser calculado a partir 
dos dados disponíveis). REAÇÕES ADVERSAS FREQUÊNCIA Afeções dos 
tecidos cutâneos e subcutâneos Erupção cutâneaa – Pouco frequentes; 
Perturbações gerais e alterações no local de administração Reação no 
local de injeçãob, pirexia – Pouco frequentes. aErupção cutânea foi definida 
pelos seguintes grupos de termos preferenciais: erupção cutânea, erupção 
maculopapular, erupção macular. bReação no local da injeção foi definida 
pelos seguintes grupos de termos preferenciais: reação no local da injeção, 
dor no local da injeção, endurecimento no local da injeção, edema no local 
da injeção, inchaço no local da injeção. Lactentes com risco mais elevado 
de doença grave pelo VSR na sua primeira época: A segurança foi avaliada 
no MEDLEY em 918 lactentes com risco mais elevado de doença grave por  
VSR, incluindo 196 lactentes extremamente prematuros (IG <29 semanas)  
e 306 lactentes com doença pulmonar crónica por prematuridade, ou 
doença cardíaca congénita hemodinamicamente significativa a entrar 
na sua primeira época do VSR, que receberam nirsevimab (n=614) ou 
palivizumab (n=304). O perfil de segurança de nirsevimab em lactentes 
que receberam nirsevimab na sua primeira época do VSR foi comparável 
ao comparador palivizumab e consistente com o perfil de segurança 
de nirsevimab em lactentes de termo e pré-termo com IG ≥29 semanas 
(D5290C00003 e MELODY). Lactentes que permanecem vulneráveis  
a doença grave pelo VSR na sua segunda época: A segurança foi avaliada no 
MEDLEY em 220 crianças com doença pulmonar crónica da prematuridade 
ou com doença cardíaca congénita hemodinamicamente significativa 

que receberam nirsevimab ou palivizumab na primeira época do VSR  
e que continuaram a receber nirsevimab na sua segunda época do VSR 
(180 participantes receberam nirsevimab nas épocas 1 e 2; 40 receberam 
palivizumab na época 1 e nirsevimab na época 2). O perfil de segurança 
de nirsevimab em crianças que receberam nirsevimab na sua segunda 
época do VSR foi consistente com o perfil de segurança de nirsevimab 
em lactentes de termo e pré-termo com IG ≥29 semanas (D5290C00003 
e MELODY). A segurança foi também avaliada no MUSIC, um ensaio em 
regime aberto, não controlado, de dose única em 100 lactentes e crianças 
imunocomprometidos com ≤24 meses, que receberam nirsevimab na 
sua primeira ou segunda época do RSV. Isto incluiu participantes com 
pelo menos uma das seguintes condições: imunodeficiência (combinada, 
anticorpos ou outra etiologia) (n=33); corticoterapia sistémica de dose 
elevada (n=29); transplante de órgão ou de medula óssea (n=16); a receber 
quimioterapia imunossupressora (n=20); outra terapia imunossupressora 
(n=15) e infeção por VIH (n=8). O perfil de segurança de nirsevimab foi  
consistente com o esperado para uma população de crianças 
imunocomprometidas e com o perfil de segurança de nirsevimab em 
lactentes de termo e pré-termo com IG ≥29 semanas (D5290C00003  
e MELODY). O perfil de segurança de nirsevimab em crianças durante  
a sua segunda época do VSR foi consistente com o perfil de segurança de 
nirsevimab observado durante a sua primeira época do VSR. Notificação 
de suspeitas de reações adversas A notificação de suspeitas de reações 
adversas após a autorização do medicamento é importante, uma vez 
que permite uma monitorização contínua da relação benefício-risco 
do medicamento. Pede-se aos profissionais de saúde que notifiquem 
quaisquer suspeitas de reações adversas diretamente ao INFARMED, I.P.: 
Sítio da internet: http://www.infarmed.pt/web/infarmed/submissaoram 
(preferencialmente) ou através dos seguintes contactos: Direção de Gestão 
do Risco de Medicamentos, Parque da Saúde de Lisboa, Av. Brasil 53,  
1749-004 Lisboa, Tel: +351 21 798 73 73. Linha do Medicamento: 800222444 
(gratuita) E-mail: farmacovigilancia@infarmed.pt Data de revisão do 
texto: agosto 2024. Medicamento sujeito a receita médica. Para mais 
informações, contactar o Representante Local do Titular da Autorização de 
Introdução no Mercado.

A Sanofi e a AstraZeneca estão a colaborar no desenvolvimento e comercialização de Beyfortus®.

SANOFI PRODUTOS FARMACÊUTICOS, LDA, Sede Social Empreendimento Lagoas Park, Edifício 7 – 3º Piso, 2740-244 Porto Salvo, Portugal. Capital social: € 26.815.015,00  
matriculada na CRC de Cascais, sob o número único de matrícula e identificação de pessoa coletiva 500 134 960, Tel.: +351 21 3589400, email: geral.pt@sanofi.com - www.sanofi.pt MAT-PT-2400437-1.0-09/2024

Beyfortus® é um anticorpo de ação prolongada e direta desenvolvido para 
proteger todos os recém-nascidos e lactentes*, contra a doença do trato 
respiratório inferior (DTRI) provocada pelo vírus sincicial respiratório (RSV).**,1

Uma única dose reduziu o risco de infeção do trato respiratório inferior por 
RSV que requer assistência médica (ITRI-RSV MA) vs. placebo em recém-
nascidos e lactentes.†,‡,§,1–3
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Editorial: Promovendo Avanços no Conhecimento em Saúde Respiratória
Nesta edição apresentamos uma compilação diversificada de artigos que abordam desafios 
contemporâneos na medicina respiratória em todos os grupos etários, começando por referir um estudo 
que aborda disparidades de disponibilidade, custo e acesso a medicamentos essenciais para doenças 
respiratórias crónicas em países de baixo e médio rendimento.
Destacamos igualmente um artigo que analisa práticas de alta hospitalar em casos de asma e sibilância 
aguda em crianças. Este estudo alerta para a necessidade de uniformizar as orientações na alta, garantindo 
maior segurança para os pacientes pediátricos. Complementando esta discussão, aborda-se igualmente o 
impacto do género na abordagem da asma grave, um tema muitas vezes negligenciado, mas essencial para 
personalizar os cuidados de saúde.
Na área da epidemiologia, a investigação sobre as trajetórias da função pulmonar desde a infância até à 
idade adulta revela determinantes críticos para a saúde respiratória ao longo da vida.
Já no campo da DPOC, é apresentada uma análise sobre os benefícios sustentáveis de uma gestão 
integrada a nível dos cuidados primários, evidenciando como uma intervenção precoce, eficaz, poderá 
aliviar pressões sobre os sistemas de saúde.
A poluição atmosférica e os seus efeitos na função pulmonar de crianças prematuras destacam o bem 
conhecido impacto ambiental na saúde pediátrica, num artigo que sublinha a urgência de políticas 
públicas mais robustas, que devem ser consideradas inadiáveis, para mitigar esses riscos.
Finalmente, artigos sobre o consumo de cigarros por jovens, incluíndo com recurso a dispositivos 
eletrónicos, refletem um tema de crescente preocupação global. As estratégias de marketing direcionadas, 
especialmente nas redes sociais, demonstram a necessidade de uma regulamentação mais rigorosa para 
proteger este grupo muito vulnerável.
Em conclusão, neste número estimula-se a reflexão sobre como traduzir o conhecimento adquirido em 
ações práticas e políticas públicas. Acreditamos que estas contribuições podem ser inspiradoras de 
mudanças no cuidado que é dedicados às doenças respiratórias, reforçando a nossa missão de melhorar a 
saúde global.
Convidamos uma vez mais os nossos estimados Colegas a explorar os artigos apresentados, desejando-lhes 
boas leituras.

Mário Morais de Almeida
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Apesar da promessa inicial dos cigarros ele-
trónicos serem um potencial instrumento 
de cessação tabágica, o verdadeiro motivo 
da adoção destes produtos tem sido fonte de 
muita controvérsia. Tem havido preocupa-
ções crescentes sobre o aumento exponencial 
do uso de cigarros eletrónicos e produtos de 
vaping entre jovens e adolescentes, dado que 
a proporção de pessoas com 11-15, 16-17 e 
18 anos de idade na Grã-Bretanha que usam 
cigarros eletrónicos mais do que duplicou 
entre 2021 e 2023, atingindo 4,6%, 15,0% 
e 18%, respetivamente.1 O 2023 US Annual 
National Youth Tobacco Survey reportou 
mais de 2,1 milhões de utilizadores atuais 
de cigarros eletrónicos nos EUA, dos quais 
25% são utilizadores diários.2 

Os cigarros eletrónicos são os produtos 
tabágicos mais populares entre os jovens 
americanos pelo décimo ano consecutivo, 
alimentando preocupações crescentes das 
agências de saúde pública em todo o mundo 
sobre os potenciais efeitos dos cigarros ele-
trónicos na saúde deste grupo demográfico 
vulnerável. Numa era em que a publicidade 
direta ao tabaco dirigida aos jovens há 
muito que foi proibida, e em que uma regu-
lamentação rigorosa levou a que o consumo 
de cigarros de combustão tenha saído de 
moda entre os jovens,3-5 coloca-se a questão: 
por que razão os cigarros eletrónicos são tão 
populares entre este grupo demográfico? 
Para além dos fatores óbvios relacionados 
com o facto de a nicotina ser viciante e de os 
cigarros eletrónicos serem discretos, baratos 
e fáceis de obter, a resposta poderá estar nas 
formas subtis e criativas como os fabricantes 
de cigarros eletrónicos conseguiram chegar 
aos jovens e seduzi-los a experimentar os 
produtos de vaping. 

Em primeiro lugar, os cigarros eletróni-
cos têm sido comercializados como uma 
alternativa menos nociva aos cigarros de 
combustão, com slogans como “ Tem um 
sabor e uma sensação melhores do que um 
cigarro verdadeiro”,6 o que pode ser apela-
tivo para os fumadores que querem deixar 
de fumar, mas também para os jovens não 
fumadores que podem ser seduzidos a expe-
rimentar graças a esta mensagem. O receio 
é que os jovens comecem a fumar através 
dos cigarros eletrónicos, podendo estes 

tornar-se uma via para os cigarros de com-
bustão. Existem atualmente cada vez mais 
evidências de que este é de facto o caso, com 
duas meta-análises que associam o uso de 
cigarros eletrónicos a um risco quase 3,0-3,5 
vezes superior de iniciação ao consumo de 
cigarros entre jovens e adolescentes, mesmo 
após o ajuste para fatores de risco demo-
gráficos, psicossociais e comportamentais 
conhecidos.7 8

Em segundo lugar, se visitarmos as lojas 
ou os websites de produtos de vaping, 
iremos encontrar uma seleção de vapo-
rizadores coloridos, cápsulas, cartuchos 
e frascos cheios de líquidos para cigarros 
eletrónicos ou “vape de sumo” com sabo-
res destinados a atrair os jovens, tais como 
“granizado de ananás”, “blue razz berry” 
e “leite de banana”. 9 Entre os sabores de 
sumos de vape mais populares vendidos 
pela Hangsen, o maior fabricante e dis-
tribuidor de sumos de vape do mundo, 
encontram-se categorias de sabores como 
“sobremesas e doces”, “frutos” e “bebidas”. 
Existem dados que sugerem que esta estra-
tégia está a funcionar, com um estudo de 
2019 a mostrar que os sabores preferidos 
dos cigarros eletrónicos entre os adolescen-
tes são os de fruta e doces, sendo que os 
adolescentes e os jovens têm uma probabi-
lidade três a quatro vezes superior de usar 
cigarros eletrónicos com sabores de fruta 
e doces em comparação com os adultos.10 
Os estudos também confirmaram que os 
próprios jovens estão bem cientes do facto 
de que os anúncios de líquidos de vape com 
sabores doces lhes são direcionados. 

McKelvey et al11 exibiram a um grupo 
de adolescentes oito anúncios com vários 
sabores e pediram-lhes que indicassem o 
grupo etário a que os anúncios se desti-
navam: mais novo, da mesma idade, um 
pouco mais velho ou muito mais velho. Os 
resultados mostraram que a maioria dos 
jovens (93,7%) indicou que o anúncio com 
sabor a cupcake se destinava a crianças mais 
novas e 63% e 68% indicaram que os anún-
cios a smoothie e a cereja se destinavam ao 
seu grupo etário (adolescentes), não tendo 
nenhum dos anúncios com sabores como 
alvo o público mais velho. Por último, a 
popularidade dos cigarros eletrónicos entre 
os jovens também pode ser explicada pelos 
mecanismos inteligentes que os fabricantes 
estão a utilizar para chegar aos jovens com 
a sua publicidade. Um desses mecanismos 
é através das redes sociais, que são muito 
consumidas pelos jovens e muito difíceis 

Reforçar a base de evidências para apoiar uma 
regulamentação mais rigorosa da publicidade 
nas redes sociais a produtos de cigarros 
eletrónicos destinados a jovens
Kim L Lavoie

de controlar e regulamentar.12 13 De facto, 
existem provas que sugerem que as empre-
sas de cigarros eletrónicos estão a solicitar 
ativamente a celebridades e utilizadores que 
promovam os seus produtos através das 
redes sociais e que isso está a ter um efeito 
positivo nas atitudes dos jovens em relação 
ao vaping.14-16 Esta situação levou o público 
a apelar a uma melhor regulamentação da 
publicidade online de produtos de cigarros 
eletrónicos a jovens e adolescentes, mas para 
isso são necessárias evidências que associem 
a exposição às redes sociais a um maior con-
sumo de cigarros eletrónicos. 

Curiosamente, o estudo de Hopkinson et 
al,16 publicado nesta edição, concluiu que 
uma utilização mais frequente das redes 
sociais entre os jovens com idades entre 
os 10 e os 25 anos no Reino Unido estava 
associada a uma probabilidade quase três 
vezes superior de utilização de cigarros ele-
trónicos. Isto verificou-se mesmo depois de 
ajustadas as covariáveis, designadamente 
o sexo, a idade, a etnia, o rendimento
do agregado familiar e os fumadores no
domicílio. As implicações políticas deste
documento são importantes, sobretudo
no que diz respeito à regulamentação da
publicidade e dos algoritmos destinados a
utilizadores menores de idade. O facto de
investigações anteriores indicarem que os
jovens são efetivamente visados por este
conteúdo, que este conteúdo chega aos
jovens (32% dos jovens afirmam ter visto
publicidade online a produtos de vaping)1

e que as suas atitudes são afetadas é mais
uma evidência da necessidade de reforçar
a regulamentação. No entanto, este estudo
também revela várias lacunas na investiga-
ção, que devem ser objeto de investigação
futura. Os autores não avaliaram a exposi-
ção real a produtos de cigarros eletrónicos
nos meios de comunicação social, nem ava-
liaram a medida em que a ligação entre a
exposição aos meios de comunicação social
e o vaping poderia ser mediada/moderada
por variáveis como a disfunção parental, o
isolamento social, a pressão dos pares ou
o sofrimento psicológico. Adicionalmente,
ainda não existe uma conclusão sobre os
efeitos a longo prazo do vaping na saúde
dos jovens, mas existem várias razões para
nos mantermos vigilantes. Existem preo-
cupações óbvias quanto à criação de uma
nova geração de viciados em nicotina, o
que poderá facilitar a transição para o con-
sumo de cigarros de combustão, bem como
vários casos de EVALI (lesão pulmonar
associada ao uso de cigarros eletrónicos/
vaping) em jovens como resultado do uso
de produtos de vaping, e o agravamento da
asma pré-existente (incluindo broncocons-
trição aguda e disfunção das vias aéreas
pequenas, aumento da inflamação das vias
aéreas)17 entre os jovens adultos.

É evidente que é necessária mais inves-
tigação para compreender os mecanismos 
que ligam a exposição a produtos de vaping 
nas redes sociais e o consumo de cigarros 
eletrónicos, uma vez que nem todos os 
jovens expostos a estes produtos começam 
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a consumi-los. Também precisamos de 
mais investigação para compreender não só 
os efeitos a longo prazo para a saúde, mas 
também os efeitos psicológicos e compor-
tamentais a curto e médio prazo do vaping, 
sendo que as atuais evidências já apontam 
para um aumento dos riscos de luta física, 
consumo de substâncias e aumento da ativi-
dade sexual entre os adolescentes que con-
somem produtos de vaping, fumam cigarros 
de combustão ou ambos comparativamente 
a adolescentes que não o fazem.18 
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RESUMO
Objetivo A recuperação de crises agudas de pieira e 
de asma deve ser apoiada por uma rede de segurança, 
incluindo aconselhamento terapêutico. Avaliámos as prá-
ticas de alta hospitalar em serviço de urgência (SU) para 
crises agudas de pieira/asma na infância para descrever a 
variação na rede de segurança e na dosagem de bronco-
dilatadores de recuperação.
Desenho do estudo  Estudo bifásico entre junho de 
2020 e setembro de 2021, incluindo (1) inquérito sobre 
as práticas de alta hospitalar nos serviços e (2) análise das 
instruções de alta hospitalar escritas para os prestadores 
de cuidados.
Contexto Serviços de Urgência secundários e terciá-
rios em zonas rurais e urbanas da Paediatric Emergency 
Research in the UK and Ireland (PERUKI)). 
Principais resultados Descrever a prática e a variação 
nas recomendações de alta hospitalar, as recomendações 
de tratamento e a oferta de redes de segurança.
Resultados Dos 66/71 (93%) centros participantes, 
62/66 (93,9%) referiram fornecer informações escritas 
sobre redes de segurança. 52/66 (78,8%) avaliaram 
“quase sempre” a técnica do inalador/espaçador. A revi-
são de rotina da medicação (21/66; 31,8%) e a adesão 
(16/66; 21,4%) foram menos frequentes. Na fase II, 61/66 
(92,4%) apresentaram os seus documentos de alta hospi-
talar. 50/66 (81,9%) incluíram planos de broncodilatação. 
11/66 (18,0%) forneceram Planos de Ação Personalizados 
para a Asma como única informação de alta hospitalar. 
45/50 (90%) forneceram regimes de dosagem de bron-
codilatadores “fixos”. A redução gradual da dose foi 
comum (38/50; 76,0%). A dose inicial média foi de 10 
inalações de 4 em 4 horas (27/50, 54,0% e a duração 
média foi de 4 dias (29/50, 58,0%). 13/61 (21,3%) não 
forneceram aconselhamento sobre broncodilatadores em 
caso de deterioração aguda. Quando fornecido, 42/48 
(87,5%) recomendaram 10 inalações imediatamente. As 
subsequentes dosagens variaram consideravelmente. Os 
sinais de alerta mais comuns incluíram a incapacidade de 
falar (52/61, 85,2%), inaladores que não duravam 4 horas 
(51/61, 83,6%) e dificuldade respiratória (49/61, 80,3%).
Conclusões Existem variações na dosagem de bronco-
dilatadores e no conteúdo das redes de segurança para 
a recuperação após crises agudas de pieira e asma. Isto 
reflete falta de evidências, afirmando a necessidade de 
mais estudos multicêntricos sobre estratégias de recu-
peração com broncodilatadores e aconselhamento ade-
quado sobre redes de segurança.

INTRODUCTION 
Acute wheeze and asthma are among the the most 
common reasons for urgent healthcare utilisation 
in children and young people (CYP). Up to half 
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uThere Acute wheezing attacks are a com-
mon reason for childhood hospital atten-
dance, with many discharged following a 
short period of intense treatment to reco-
ver at home.

u  Caregivers should be supported with 
robust safety netting advice during reco-
very.

u There is scant evidence to inform optimal 
bronchodilator dosing strategy during 
recovery from wheeze attacks and lack of 
information about current practices.

WHAT THIS STUDY ADDS
uThere is variation in content and presen-

tation of safety netting information for 
children discharged home from emer-
gency departments following acute whe-
eze episodes.

u There is disparity in provision of normal 
and abnormal recovery advice and poor 
distinction in separating advice for de 
novo attacks.

u There is variation in bronchodilator tre-
atment dose, duration and parent-led 
control, including dosing for managing 
unexpected deterioration.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uFurther research is warranted to inform 
optimal advice for caregivers about reco-
very bronchodilator administration.

u  Opportunities are present to develop 
standardised safety netting advice for 
wheeze recovery.

u  The format of written safety netting 
advice should reflect input from all 
stakeholders, including patients. Widely 
used Personalised Asthma Action Plans 
should be modified to allow their use as 
documents supporting recovery from 
acute wheezing.
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timeframe advised only if child is symptomatic; guidance on symp-
toms provided). Data were abstracted by three researchers (RH, JYP, 
RJPGC) independently, each blinded to responses until completion. 
Differences were discussed between reviewers; where consensus 
could not be reached, a fourth reviewer (MDL) aided resolution.

Data were analysed using Microsoft Excel (V.2008). Results are 
presented using descriptive statistics; categorical data are summari-
sed as numbers and percentages, and continuous variables are pre-
sented using means (and SD) or medians (and IQRs) as appropriate.

As this study did not include patient-level identification data, and 
participants were approached via a professional network, formal 
ethics approval was not required according to the Health Research 
Authority decision tool.19

RESULTS
In total 66/71 (93%) sites responded in phase I (table 1), with 48/66 
(73%) reporting practice reflecting BTS/SIGN recommendations; 
61 (86%) provided written discharge documents for analysis. 
Identical discharge practice and written instructions existed for 
asthma and wheeze at all sites, except two which advised General 
Practitioner (GP) follow-up only for children with asthma, and 
two which did not provide written safety netting or bronchodila-
tor plans for wheeze.

Consistently reported actions included provision of recovery bron-
chodilator instructions (65/66; 98.5%), with maximal dosing infor-
mation provided in 56/66 (84.8%) and written safety netting advice 
(62/66; 93.9%), including red flag signs of deterioration (61/66; 
92.4%). Inhaler/spacer technique was ‘nearly always’ assessed in 
52/66 (78.8%). Infrequently reported elements were peak expiratory 
flow rate which was ‘never’ assessed in 18/66 (27.3%) and smoking 
cessation support which was ‘nearly always’ offered by 10/66 (15.1%). 
Findings of the survey are presented in figure 1.

In phase II (table 2), 50/61 (81.9%) provided safety netting plans 
detailing ‘normal’ recovery; half (31/61; 50.8%) included signs 
marking abnormal recovery including deterioration. Thirty-three

(54.1%) provided PAAPs for future episodes in addition to recove- 
ry information, while 11/61 (18.0%) provided PAAPs as the sole 
discharge information. For sites providing recovery-specific advice 
and PAAPs, 31/33 (93.9%) described recognition and management 
of deterioration within the PAAP (working upwards from a symp-
tom-free baseline), rather than in the context of weaning treatment 
during recovery from an acute attack.

Other information (table 2) included explanation of the condi-
tion (23/61; 37.7%), and how medications work (19/61; 31.1%), but 

of children experience an episode before their sixth birthday1 and 
more than 25 000 CYP are admitted to hospital annually,2 resul-
ting in a significant healthcare burden.3 Most CYP presenting to 
emergency departments (EDs) with acute wheeze rapidly improve 
with high dose inhaled bronchodilators±oral corticosteroids; most 
are subsequently discharged within 4–24 hours. Recovery conti-
nues over several days, though up to 5% re-attend due to relapsing 
symptoms.4 Current management in the UK is based on British 
Thoracic Society (BTS)/Scottish Intercollegiate Guidelines Net-
work (SIGN) Asthma Guidance,5 6 which recommends a discharge 
bundle to optimise management. This includes review of triggers, 
medication and adherence, inhaler technique, planned follow-up, 
and a written Personalised Asthma Action Plan (PAAP). The latter 
typically includes regular preventer regimes alongside intensifica-
tion treatment for acute symptoms; PAAPs are regarded as best 
practice for long-term asthma management, reducing hospital ad-
missions and improving health outcomes.2 7 8

Safety netting to support safe discharge is a crucial element of 
care, empowering caregivers to manage recovery and recognise 
evolving deterioration or serious illness.9–11 The National Institute 
for Health and Care Excellence (NICE), which provides recom-
mendations for other childhood conditions, recommends that ad-
vice includes symptoms to watch for, how to access further care, 
likely time course of illness, and how to provide care at home.12 
Similar advice for ongoing management of acute wheeze episodes 
following discharge is lacking, particularly regarding the use of in-
haled bronchodilators, resulting in practice variation and subopti-
mal clinical care.

In this cross-sectional survey and leaflet review study we evalu-
ated discharge practices for children with acute asthma/wheeze 
presenting to EDs in the UK and Ireland. We focused on variation 
in safety net advice, step-down treatment plans, and advice on how 
to recognise and manage deterioration safely.

METHODS
This two-phase study was performed between June 2020 and 
September 2021 across Paediatric Emergency Research in the UK 
and Ireland (PERUKI),13 including tertiary and secondary care sites 
in rural and urban settings. The aim of phase I was to evaluate typical 
discharge practices including concordance with the BTS asthma dis-
charge recommendations. The aim of phase II was to evaluate written 
discharge materials provided to caregivers.

Phase I consisted of a survey of departmental discharge practices. 
Between 22 June and 22 July 2020, site leads from all 71 PERUKI 
sites were invited to provide one response on typical departmental 
discharge practices for childhood acute asthma/wheeze (online sup-
plemental file 1), with three reminders before closing. Survey content 
was developed from evidence underpinning discharge for asthma/
wheeze, national clinical practice guidelines (CPGs), the National 
Asthma and COPD Audit Programme (NACAP) audit tool, and the 
BTS asthma discharge bundle.5 6 14 15 Study authors with expertise 
in survey methodology completed item generation and reduction, 
survey pretesting, and pilot testing for acceptability, flow and ease 
of administration. Questions included Likert Scales, matrices and 
multiple-choice options. Responses were submitted using Research 
Electronic Data Capture tools,16 and stored on a secure server in 
University Hospitals Bristol and Weston National Health Service 
Foundation Trust. 

In phase II, site leads were asked to submit written discharge 
materials routinely provided to caregivers for childhood asthma/
wheeze; up to three reminders were sent prior to closing. All written 
materials returned to the researchers were codified for advice con-
tent. A data collection tool (online supplemental file 2) was deve-
loped from national CPGs, and literature regarding good practice 
in written safety netting information for an acute condition.5 17 18 
Evaluation of bronchodilator prescriptions included dose, duration 
and plan ‘type’ defined as (1) ‘fixed’ hospital-derived plan (hospital 
stipulates specific number/frequency of puffs to administer over a set 
timeframe), (2) ‘caregiver-determined’ plan (caregiver chooses dose, 
and/or frequency and duration according to child’s status; maximum 
dosing limits set by hospital) or (3) ‘hybrid’ plan (fixed dose and 
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rarely side effects (3/61; 4.9%), whether to treat sleeping children 
(16/61; 26.2%) and signs indicating improvement (7/61; 11.5%).

Discharge bronchodilator plans were provided by 50/61 (81.9%) 
sites (table 3). Most (45/50; 90%) used ‘fixed’ hospital-derived 
plans; 10 contained free-text tailored prescribing. Seven (14%) 
recommended giving two to four bronchodilator actuations ‘as 
required’ for an unspecified duration following ‘fixed’ dosing. The 
median starting dose was 10 puffs every 4 hours (27/50; 54.0%), 
with dose tapering advised by 38/50 (76.0%) sites. Median plan 
duration was 4 days (29/50; 58.0%, range 2 to >6 days). ‘Hybrid’ 
plans were used by three sites (6.0%) and two (4.0%) provided fully 
‘caregiver-determined’ plans.

Thirteen (21.3%) did not provide written advice for emergency 
bronchodilator use during acute deterioration; where provided, 
87.5% (42/48) recommended 10 puffs immediately, with subse-
quent dosages varying considerably (table 4). Advice to access 
healthcare if deteriorating included calling emergency services 
45/61 (73.7%), contacting primary care 47/61 (77.1%) and re-
attending hospital 25/61 (40.9%); 7 (11.5%) did not provide any 
advice. The most common red flag features were inability to speak 
(52/61, 85.2%), inhalers not lasting 4 hours (51/61, 83.6%) and 
respiratory distress (49/61, 80.3%) (table 2); ‘caregiver worry’ was 
infrequently included (8/61, 13.1%). 

Primary care follow-up was advised by 38/61 (62.3%), usually 
within 48 hours (28/38; 73.7%). Other arrangements included out-
patient specialist nurses, asthma services, or general paediatrics. 
Open access and community nursing team input were detailed at 
three sites (4.9%).

DISCUSSION
In this review of ED discharge practices and supporting written 
resources for children with acute wheeze or asthma, we found sub-
stantial practice variation. This highlights potential for improve-
ment and standardisation, and areas requiring further research. 
While most provided written discharge safety netting, the content, 
design and language varied considerably. Advice to ‘wean’ bron-
chodilator doses was widespread, and recommended treatment 
during convalescence or unexpected deterioration was diverse; 
primarily in dosage, timing and duration of bronchodilator use. 
This variation may negatively impact outcomes in the index and 
future attacks. This includes adverse effects of undertreatment or 
overtreatment, caregiver confusion, and delays in hospital atten-
dance and treatment escalation.

Safety netting is best practice in emergency care, supporting safe 
recovery and prompting appropriate action for deterioration. ED 
environments present unique challenges to delivering patient edu-
cation,20 with comprehension affected by factors including health 
literacy, readability, emotions and tiredness.21 Written informa-
tion should be reinforced with clear verbal instructions, and clini-
cians should check and clarify understanding. Although most sites 
provided safety netting, content varied as seen in other settings.22 
Standardised care processes bring many benefits, including eco-
nomic advantages and improved clinical outcomes. Standardising 
asthma discharge education including red flag signs and emergency 
escalation advice would ensure patients receive consistent advice 
between visits and different health providers, minimising potential 
caregiver confusion. 

Establishing dose-response data for inhaled salbutamol in 
young children is challenging due to obstacles including di- 
sease heterogeneity and disagreement on thresholds for clinically 
significant bronchodilator responsiveness.23 24 International re-
commendations for bronchodilator dosing during acute asthma 
attacks are typically consensus-based and differ slightly,7 25–28 con-
tributing to variation in acute management including type, route 
and dosage of bronchodilators and steroid usage.29 30 

This variation is reflected in international guidance for recovery 
dosing. The Global Initiative for Asthma (GINA) recommends ‘as 
needed’ dosing, with no further instructions other than recom-
mending caregivers record daily dosing to ensure reduction to 
preattack levels.21 Canadian Thoracic Society guidelines do not 
provide recovery dosing advice,31 while the Canadian Paediatric 
society advises 4-hourly short-acting β2 agonists until symptoms 
resolve, then ‘as needed’.32 Neither BTS/SIGN asthma guidelines 
nor the BTS asthma discharge bundle provide dosing recommen-
dations for the recovery phase following acute wheeze.5 15 It is not 
surprising that variation existed across sites in discharge bron-
chodilator dosing, with only 10 (16%) offering tailored persona-
lised plans. In our cohort, only two advised fully caregiver-driven 
‘as needed’/‘as required’ recovery dosing plans. Due to wheeze 
phenotypes and differences in individual bronchodilator respon-
siveness,33 34 written PAAPs are a key recommendation of the 
BTS/SIGN discharge bundle and The National Review of Asthma 
Deaths for acute and maintenance asthma management;2,5 it seems 
intuitive that the principle of personalisation should also apply to 
recovery plans. Caregiver-led, symptom-guided, individualised 
management requires specific instructions and careful educa-



Artigo original 

256 Hannah R, et al. Arch Dis Child 109:536–542. doi:10.1136/archdischild-2023-326247

tion, ensuring comprehension and interpretation. Though more 
time-consuming and requiring clinician training, this may ensure 
patients at greater risk of deterioration receive tailored dosing 
advice, and reduce unnecessary bronchodilator administration 
from ‘fixed’ plans. Four (8%) sites used a dosing plan with paral-
lel pathways for children who were either ‘impro-ving/symptom-
free’ or ‘not improving/deteriorating’. Though still ‘fixed’ dosing 
in nature, these appeared to provide alternative flexible dosing 

according to clinical status, accommodating individual diffe-
rences in treatment response and recovery trajectory.

Most plans adopted gradual dose tapering over specified time-
frames regardless of clinical status, despite a lack of evidence to 
support this practice and its absence from BTS and GINA guid-
ance. Potential advantages to weaning (including maintaining bron-
chodilation as the child overcomes illness and providing caregivers 
with clear tapering schedules) must be balanced with concerns that 
life-threatening deterioration may be masked.35 In addition, as over 
two-thirds of young children with a wheeze attack will have no ED 
re-attendances within a year (and often experience just a one-off 
episode),36 prolonged bronchodilator courses may be excessive. In 
our cohort, median duration was 4 days, though a tenth prescribed 
bronchodilators for six or more days. While bronchodilator adhe-
rence improves when written action plans are provided,37 this topic 
is underinvestigated. It is plausible that lengthier bronchodilator 
plans are not completed, akin to inadequate adherence to steroid 
and antibiotic prescriptions.38 39 Greater understanding of caregiver 
behaviour regarding bronchodilator administration during recovery 
is therefore needed to inform optimal discharge prescribing practice.

One in 10 sites did not provide emergency escalation advice, 
and over a fifth did not provide bronchodilator instructions for 
unexpected deterioration. While most advised 10 salbutamol puffs, 
administration timescale and escalation strategies varied, including 
‘10 puffs every minute until help arrives’, give ‘as often as needed’ 
or ‘no further advice’. Inadequate communication or ambiguous 
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instructions may result in unrecognised deterioration40 and delay 
timely review. Creating uncertainty for caregivers risks either ina-
dequate or overzealous bronchodilator dosing with potential for 
iatrogenic complications.

Finally, format and context of written information matters. Clear 
distinction should be made between treatment step-down and 
safety netting during recovery (including recognition of deteriora-
tion), and actions during subsequent attacks; it is critical caregi-
vers understand that each situation requires a different approach. 
PAAP content typically relates to longer-term disease control, and 
initial management of new-onset attacks rather than step-down 
care following acute attacks. With a fifth of sites in our study using 
PAAPs as their sole discharge document, consideration must be 
given to either (1) Expanding and modifying PAAPs to differenti-
ate between recovery and subsequent attacks, or (2) Strengthening 
guidance that recovery plans should be separate entities to PAAPs. 
To ensure usability and clarity, step-down action plans should be 
developed with stakeholders including families and patients.

Recommendations for policy and research
Given the potential for negative impact on patient outcomes, natio-
nal standards and practices should be developed to minimise this 
variation in care, as outlined above. While these will initially be con-
sensus driven (and challenging to deliver due to strength of views in 
this area), future research should aim to provide evidence on best 
practice. An international consortium is currently developing a Core 
Outcome Set for use in childhood asthma trials, in conjunction with 
CYP and their families.41 These validated outcomes will lead the way 
to robust trial performance, including possible randomised con-
trolled trials of ‘fixed’ vs ‘caregiver-led’ bronchodilator regimes, and 
trials focusing on dose difference or durations designs. Preparatory 
research should be undertaken now, including observational rese-
arch (including treatment adherence, and pragmatic measurement of 
outcomes with existing regimes), and qualitative research to explore 
the views, experience, and behaviour of young people and parents 
during the recovery phase from acute asthma and wheeze attacks.

Strengths and limitations
This study encompasses practice from participating PERUKI sites 
including mixed and stand-alone paediatric EDs in a range of hos-
pitals, but does not capture individual clinician variation. There 
is potential for responder bias and possibly a reluctance to report 
suboptimal discharge practices, potentially overestimating con-
cordance with BTS discharge bundle recommendations; however, 
a strength of this study was objective blinded analysis of written 
materials as provided to families, to minimise this bias. In addi-
tion, this study provides the only measurement of discharge prac-
tices specifically from EDs in our setting, as other resources such 
as NACAP focus on children who are admitted to hospital only. 
Finally, for pragmatic reasons, the authors did not seek patient and 
public involvement to contribute to leaflet analysis, though deve-
lopment of all data extraction tools were underpinned by review of 
existing evidence and guidance.

CONCLUSIONS AND FUTURE WORK
This national study of discharge practices and written safety net-
ting information for children with acute wheeze/asthma being dis-
charged from EDs demonstrated a wide variety of practices and 
variable information quality. Further research is required to deter-
mine optimal recovery bronchodilator dosing, and to understand 
caregiver behaviour during recovery. There is a need for nationally 
consistent and clear discharge advice for children following acute 
wheezing and asthma attacks supporting caregivers to de-escalate
treatment safely, and empowering them to recognise and respond 
to deterioration appropriately.
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RESUMO
Introdução Após a puberdade, as mulheres são mais 
propensas a desenvolver asma e de forma mais grave do 
que os homens. As associações entre asma e sexo são 
complexas com múltiplos fatores intrínsecos e externos.
Objetivo Avaliar as diferenças sexuais nas características 
e tratamento de doentes com asma grave (SA) num mundo  
real definição.
Método As características demográficas, clínicas e de 
tratamento para os doentes com SA no Reino Unido 
Severe Asthma Registry (UKSAR) e Optimum Patient Care 
Research Database (OPCRD) foram analisadas retrospec-
tivamente por sexo utilizando análises univariadas e mul-
tivariáveis ​​de regressão logística ajustadas para o ano, 
idade e hospital/prática.
Resultados Foram incluídos 3.679 (60,9% do 
sexo feminino) do UKSAR e 18 369 doentes (67,9% 
do sexo feminino) do OPCRD com SA. As mulhe-
res eram mais propensas a ser sintomáticas com o 
aumento do Questionário de Controlo de Asma-6 
(UKSAR ajustado OR (aOR) 1,14, IC 95% 1,09 a 1,18) e 
Royal College of Physicians-3 pontuações de perguntas 
(OPCRD aOR 1,29, IC 95% 1,13 a 1,47). No entanto, tive-
ram um maior volume expiratório forçado em 1 por cento 
(FEV1%) previsto (UKSAR 68,7% vs 64,8%, p<0,001) 
sem diferença significativa no fluxo de pico expiratório. 
Os biomarcadores do tipo 2 IgE (UKSAR 129 UI/mL vs 
208 UI/mL, p<0,001) e FeNO (UKSAR 36ppb vs 46ppb, 
p<0,001) foram mais baixos nas mulheres, sem diferença 
significativa em eosinófilos sanguíneos ou terapia bioló-
gica. As mulheres tinham menos probabilidade de estar 
em tratamento com corticoides orais de manutenção 
(UKSAR aOR 0,86, IC 95% 0,75 a 0,99), mas tinham mais 
probabilidade de serem obesas (UKSAR aOR 1,67, IC 95% 
145 a 1,93; OPCRD SA aOR 1,46, IC 95% 1,34 a 1,58).
Conclusões As mulheres apresentaram sintomas aumen-
tados e eram mais propensas a serem obesas, apesar do 
FEV1% previsto mais alto e dos biomarcadores tipo 2 mais 
baixos, com diferenças consistentes e clinicamente impor-
tantes em ambos os conjuntos de dados.

INTRODUCTION 
Asthma has an estimated global prevalence of 
over 350 million1 with 15.6% of the UK popula-
tion being diagnosed in their lifetime.2 This in-
cludes approximately 3%–10% with severe asth-
ma (SA),3 many of whom are potentially hidden 
in primary care.4 Despite its relatively small pro-
portion, SA accounts for the majority of morbi-
dity and economic costs associated with asthma.5 

6 SA is defined by the European Respiratory So-
ciety/American Thoracic Society (ERS/ATS) as 
asthma requiring treatment with high-dose in-
haled corticosteroids (ICS) plus a second control-
ler (and/or systemic corticosteroids) to prevent it 

from becoming ‘uncontrolled’ or which remains 
‘uncontrolled’ despite this therapy.3

Asthma, which is characterised by chronic air-
way inflammation, remodelling and hyper-re-
sponsiveness with variable airflow obstruction and 
respiratory symptoms, is a heterogeneous disease 
in both pathogeneses and clinical characteristics. 
While asthma prevalence of all severities is higher 
in males at prepuberty, the switch to a female pre-
dominance by adulthood is well established.7 8

Furthermore, females are more likely to develop 
asthma in their lifetime and in a more severe form 
than their male counterparts.1 The associations 
between asthma and sex are, however, complex. 
Shifts in the sex prevalence of asthma coincide 
with changes in sex hormones suggesting a po-
tential role in asthma pathogenesis,9 10 however, 
epidemiological studies have been inconclusive.11 
Further factors, including sex-associated and gen-
der-associated exposures and behaviours such as 
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Key messages

What is the key question?
uSevere asthma is more common in fema-

les. It is associated with different disease 
characteristics between the sexes, inclu-
ding females having a higher symptom 
burden and lower expression of type 2 
biomarkers.

What is the bottom line?
uMales and females with severe asthma 

have significant clinical differences in 
their asthma symptoms, healthcare utili-
sation, type 2 biomarkers and associated 
comorbidities. These differences have been 
demonstrated in large well-characterised 
and robust real-world cohorts across both 
specialist and primary care adding unders-
tanding to the sex differences of specific 
clinical characteristics in severe asthma.

Why read on?
uUnderstanding the different characte-

ristics associated with severe asthma 
between males and females is essential 
in establishing personalised care for 
patients and focusing future research on 
the mechanisms underlying the differen-
ces seen.
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occupation, smoking, healthcare utilisation and access, alongside 
genetic and epigenetic factors also influence the relationship be-
tween asthma and sex.8

Despite a growing understanding of the complex and important 
relationship between the intrinsic and external factors associated 
with sex and asthma, there is little understanding of the real-world 
differences seen in clinical practice. Previous studies have attempted 
to phenotype patients with SA through multivariate cluster analy-
sis, identifying clusters supporting the complex and heterogeneous 
relationship between asthma and sex.12 Analysis from the UBIO-
PRED cohort identified a cluster of predominantly obese female 
patients with SA who had frequent exacerbations but near-normal 
lung function.13 Type 2 (T2) asthma, which is driven by allergic and/
or eosinophilic pathways, has been found to have a male predomi-
nance in further SA cohorts,14–16 and a male predominant cluster 
with SA, nasal polyps, eosinophilia and high-dose corticosteroid 
use was previously identified from the SARP programme.17 These 
T2 pathways, which can be identified through biomarkers such as 
FeNO, IgE and blood eosinophils respond to corticosteroid therapy 
and can be targeted through biological therapy in uncontrolled SA.18 
It is, therefore, important to understand the differences in disease 
characteristics and T2 markers between males and females for diag-
nostic and personalised treatment pathways to be developed in SA.

The effect of T2 biomarker guided therapy can also be impacted by 
sex. A post hoc analysis by sex of the Refractory Asthma Stratifica-
tion Programme (RASP-UK) biomarker study found a greater pro-
portion of females with SA were able to reduce their corticosteroid 
dose using a T2 biomarker algorithm when compared with standard 
care, a difference not seen in males.19 This study found a dissociation 
between the sexes in symptoms and T2 biomarkers with a higher 
proportion of females to be symptom high/T2 biomarker low while 
males were symptom low/T2 biomarker high. The differences in 
self-reported symptoms were also shown to be mediated by obesity 
or a history of depression/anxiety. Such findings demonstrate the 
importance of understanding sex differences in the delivery of SA 
therapy. However, the current literature does not address the need to 
provide real-world comparison of the differences in the disease and 
treatment between males and females with SA.

This study aims to evaluate the sex differences in disease cha-
racteristics, symptom control, exacerbations, biological pheno-
types and treatment in patients with SA using a retrospective epi-
demiological approach.

METHODS
Study population
This is a retrospective epidemiological study using cohorts from 
two datasets. The UK Severe Asthma Registry (UKSAR) is a na-
tional database containing demographic, clinical and treatment 
characteristics on patients referred to specialist UK SA centres 
with SA.20 Patients have undergone systematic assessment and 
those diagnosed with SA according to the ERS/ATS criteria21 were 
included in this analysis. 

The Optimum Patient Care Research Database (OPCRD) is a UK 
nationally representative pseudonymised dataset of 18 million pa-
tients registered at 1000 general practices within the UK (24% of 
the UK population).22 The OPCRD is approved by the UK National 
Health Service for clinical research use (15/EM/0150). It contains in-
formation on patient demographics, clinical diagnoses, medication 
prescriptions and referrals coded through the Read and SNOMED 
classification systems. To prevent time-window bias,23 a standard 
1-year window was used to assess outcomes for all patients. Those 
with less than 1 year of eligible follow-up time were excluded from 
the study. A 1-year ascertainment period was randomly chosen for 
patients with more than 1-year eligible follow-up time. To increase 
the comparability of our cohort, those with an alternative respira-
tory diagnosis in the 3 years prior to inclusion were also excluded. 

SA in the OPCRD cohort was defined according to GINA (global 
initiative for asthma) 201824 criteria as those who remained uncon-
trolled (≥2 exacerbations within a year) on step 4 treatment or who 
require maintenance oral corticosteroids (OCS) to achieve control.

Exposures, outcomes and covariates 
The primary outcomes of interest were T2 biomarkers (blood 
eosinophils, fractional exhaled nitric oxide (FeNO) and IgE), lung 
function (forced expiratory volume in the 1 s (FEV1), forced vital 
capacity (FVC) and peak expiratory flow (PEF)), asthma control, 
asthma phenotype (atopy), asthma medications (treatment adhe-
rence, maintenance OCS use, biological therapy use), healthcare 
utilisation (exacerbations, emergency department (ED) atten-
dance, hospital admission, asthma review and respiratory referral) 
and comorbidities. Outcome measurements were all taken at base-
line prior to the initiation of biological therapy.

Lung function recordings were taken as raw measurements and 
per cent predicated calculated using the formula by Knudson et al25 
for PEF and Global Lung Function Initiative26 for FEV1 and FVC. 
Asthma control was measured by the Asthma Control Question-
naire-6 (ACQ6)27 in the UKSAR and Royal College of Physicians-3 
Questions (RCP 3Q)28 in the OPCRD. Treatment adherence was 
assessed using the fixed medication possession ratio (MPR) of ICS 
during the ascertainment period. Good adherence was defined as 
an MPR of greater than or equal to 70%. Obesity was defined as 
a body mass index (BMI) of 30 kg/m2 or greater. Comorbidities 
in the OPCRD cohort were identified through Read codes, which 
were used to identify a list based on the Charlson Comorbidity 
Index,29 depression/anxiety and those related to systemic corticos-
teroid exposure.30 Full details of the variables used in the analysis, 
including the time period in which they were assessed, are pro-
vided in online supplemental table 1. UKSAR baseline data were 
collected at the time of registration, prior to biological therapy be-
ing started and follow-up data collected annually.

Statistical analysis
This was a complete-case analysis using all available data from the 
UKSAR and OPCRD. We calculated descriptive statistics and com-
pared the demographic and clinical characteristics of male and fe-
male patients. Various statistical models were used depending on 
the distribution of the outcome variable including logistic (eg, atopy, 
maintenance OCS use, any ED attendance, uncontrolled asthma) 
and Poisson (eg, number of exacerbations) models. To aid interpre-
tation and comparability across outcomes, all results are shown as 
ratios (continuous variables), ORs (binary variables) or risk ratios 
(count variables). Consequently, we used gamma generalised linear 
models with a log link function to analyse continuous outcomes. 
Multivariable analyses adjusted for demographic factors were con-
ducted accounting for age (5-year categories) and year. The UKSAR 
analysis additionally adjusted for hospital site, while the clustering of 
patients within GP practices in the OPCRD was accounted for using 
cluster robust SEs. We chose this limited set of adjustment variables 
to prevent any overadjustment bias, whereby adjustment is made for 
variables which lie on the causal path between sex and outcomes, 
to ensure that we captured the full magnitude of any sex dispari-
ties.31 For example, adjustment for socioeconomic status within our 
models could lead us to exclude gender disparities driven by socio-
economic disadvantage among females. We accounted for cluste- 
ring within hospitals using fixed-effect in the UKSAR, and cluste-
ring within practices in the OCPRD using cluster robust standard 
errors, while fixed-effects were used to account for clustering within 
hospitals in the UKSAR due to a much smaller number of sites.’

Sensitivity and supplementary analysis
Sensitivity analysis was performed using patients with mild to 
moderate asthma from the OPCRD cohort to assess the potential 
impact of disease severity on our findings. Mild/moderate asthma 
was defined as patients with a diagnosis of asthma on GINA steps 
2–3 therapy.24 Those patients who had required OCS within the 
last 12 months were excluded from the mild/moderate asthma 
group to provide a clear comparator, avoiding patients with under-
lying SA whose therapy had not been stepped up. All patients with 
alternative respiratory diagnoses were excluded. We investigated 
potential mediation due to BMI (categorised as <25, 25–30, ≥30 
kg/m2), depression/anxiety and smoking status using the methods 
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of Baron and Kenny32 to understand the extent to which they may 
mediate gender disparities. A directed acyclic graph displaying the 
assumed relationships between the variables included within our 
mediation analysis is provided in online supplemental figure 1.

RESULTS
Cohort demographics
The UKSAR analysis contained 3679 patients (2242 (60.9%) fe-
males) with SA from 17 specialist secondary care clinical centres, 
while the OPCRD analysis contained 18 369 patients (12 468 
(67.9%) females) with SA within primary care. Details of the study 
flow diagram can be seen in online supplemental figure 2. Patients 
in the UKSAR cohort were on higher doses of ICS than SA patients 
from the OPCRD cohort (median 2000ug vs 1000ug BDP equiva-
lent). Patient demographics and clinical characteristics are shown 
in tables 1 and 2, while details of the multivariable analysis are in 
online supplemental tables 2 and 3.

Asthma clinical characteristics and outcomes
Females from the UKSAR database had an earlier average age of on-
set of symptoms (22.8 years vs 29.5 years; p<0.001), and average age 
of first assessment at a UKSAR centre than males (48.9 years in vs 
54.0 years, p<0.001). In adjusted analyses, uncontrolled asthma were 
higher among females than males (figure 1, tables 1 and 2) as measu-
red using the ACQ6 in UKSAR (adjusted OR (aOR) 1.8, 95% CI 
1.47 to 2.19) or the RCP 3Q in OPCRD SA (aOR 1.29, 95% CI 1.13 
to 1.47). Females in the UKSAR cohort had higher ACQ6 scores 6 
(UKSAR aOR 1.14, 95% CI 1.09 to 1.18), demonstrating increased 
symptoms and lower asthma control, across all domains with a clini-
cally significant, unadjusted difference of 0.5 (3.1 vs 2.6, p<0.001). 

Exacerbation rates were higher in females than males across 
all cohorts (UKSAR IRR 1.13, 95% CI 1.10 to 1.17; OPCRD IRR 
1.06, 95% CI 1.00 to 1.12). Secondary healthcare utilisation was 
also increased with females in the UKSAR dataset more likely to 
report a hospital admission (aOR 1.46, 95% CI 1.26 to 1.70) or 
ED attendance (aOR 1.37, 95% CI 1.17 to 1.60) in the last year. 
In primary care there was no evidence of differences in asthma 
reviews (OPCRD SA aOR 1.07, 95% CI 0.99 to 1.16) or differences 
in asthma referrals (OPCRD SA aOR 1.09, 95% CI 0.94 to 1.2).

FEV1 per cent predicted was higher in females with SA (UKSAR 
adjusted ratio 1.05, 95% CI 1.03 to 1.07) representing a difference 
of 3.9% in absolute terms (68.7% vs 64.8%, p<0.001). In primary 
care, there was no evidence of significant differences in PEF (ad-
justed ratio 1.01, 95% CI 1.00 to 1.03).

Type 2 biomarkers
Multivariable analysis found no evidence of a difference between 
sexes in baseline blood eosinophil count in the UKSAR dataset (ad-
justed ratio 0.94, 95% CI 0.88, 1.01), however, eosinophil counts were 
lower in females for the OPCRD SA dataset (adjusted ratio 0.85, 95% 
CI 0.82 to 0.89 (figure 1, tables 1 and 2). Similarly, eosinophil counts 
were lower in females when looking specifically at prevalence of eosi-
nophils greater than 0.3×109/L in the OPCRD SA (25.3% vs 33%) 
cohort but did not differ significantly in the UKSAR dataset. Female 
UKSAR patients also had lower levels of the T2 biomarkers IgE (ad-
justed ratio 0.63, 95% CI 0.56 to 0.72) and FeNO (adjusted ratio 0.79, 
95% CI 0.74 to 0.85). In absolute terms, FeNO levels in females were 
on average 10ppb less than males (36ppb vs 46ppb, p<0.001), while 
IgE was 79 IU/mL lower (129 IU/mL vs 208 IU/mL, p<0.001).

Corticosteroid and biological therapy
In multivariable analysis, females in the UKSAR cohort were less 
likely to be on maintenance OCS (aOR 0.86, 95% CI 0.75 to 0.99). 
No evidence of a difference in treatment adherence was found 
(UKSAR aOR 1.20, 95% CI 0.97 to 1.49; OPCRD SA aOR 0.96, 
95% CI 0.88 to 1.04). Fixed MPR of ICS between females and 
males was similar in the OPCRD SA (48.8% vs 49.9%, p<0.001) 
group (figure 1, tables 1 and 2).

There was no evidence of a difference in the proportion of fe-
males and males on biological treatment (OR 1.07, 95% CI 0.89 
to 1.29).

Comorbidities and lifestyle
A higher proportion of female patients were found to be obese 
(figure 1, tables 1 and 2) in both the UKSAR (aOR 1.67; 95% CI 1.45 
to 1.93) and OPCRD SA (aOR 1.46, 95% CI 1.34 to 1.58) cohorts. 
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In terms of smoking, females were significantly less likely to have 
smoked (UKSAR aOR 0.78, 95% CI 0.67 to 0.90; OPCRD SA aOR 
0.71. 95% CI 0.65 to 0.76). However, a higher proportion of females 
were current smokers in both the UKSAR (5% vs 3.1%, p<0.001) 
and OPCRD SA (18.6% vs 15.7%, p<0.001) groups. Females were 
less likely to have nasal polyps compared with males in both data-
sets (UKSAR: 11.1% vs 16.8%; OPCRD: SA 1.3% vs 3.2%, p<0.001). 
There was no significant difference in atopic disease in the UKSAR 
(aOR 0.96, 95% CI 0.83 to 1.11) or OPCRD SA (aOR 1.04, 95% CI 
0.94 to 1.15) groups. Allergic rhinitis was, however, more common 
in females (OPCRD SA 11.5% vs 10.2%, p=0.005).

Females were more likely than males to be suffering from depression 
and/or anxiety in both datasets (UKSAR aOR 1.55, 95% CI 1.18 to 
2.02; OPCRD SA aOR 1.88, 95% CI 1.65 to 2.14). Females in OPCRD 
SA had a higher prevalence of osteoporosis (3% vs 1.1%, p<0.001); 
however, no significant sex difference was seen with other corticoste-
roid associated comorbidities, including diabetes or cataracts. 

Sensitivity and supplementary analysis
The OPCRD analysis included 54 150 (30 946 (57.1%) females) with 
mild/moderate asthma (online supplemental figure 3). Results from 
this mild/moderate OPCRD cohort (online supplemental table 4) were 
generally in line with the SA cohorts (online supplemental tables 2 and 
3), revealing similar disparities. However, females were significantly 
more likely to have asthma reviews (aOR 1.13, 95% CI 1.09 to 117) and 
atopic disease (aOR 1.17, 95% CI 1.11 to 1.22) in the sensitivity analysis 
with no significant difference in the OPCRD SA cohort. Furthermore, 
females in the mild/moderate group were also more likely to have exa-
cerbations (IRR 1.38, 95% CI 1.31 to 1.46), which was also seen with 
SA in the UKSAR but was not significant in the OPCRD SA group.

Mediation analysis found the disparities in asthma control, exa-
cerbations and ED attendance to persist even after adjustment for 
BMI, smoking status and coexisting depression/anxiety (online sup-
plemental figure 4).

DISCUSSION
The analysis of these cohorts across two independent data sour-
ces and spanning UK primary and secondary care found females 
with asthma to have worse symptoms of asthma control, increased 
exacerbation rates and obesity compared with their male counter-
parts. The inclusion of the OPCRD demonstrates the applicability 
of the UKSAR to a wider unselected population of patients with SA. 

Disparities were consistent across both SA cohorts and the sensitivity 
analysis in the mild/moderate asthma cohort, suggesting that many 
of the sex differences seen in SA also exist in patients with mild/
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moderate asthma. More patients with SA were females (UKSAR: 
60.9%; OPCRD SA 67.9%), consistent with findings from other SA 
cohorts and registries.14 16 Asthma control, as measured by self-repor-
ted symptoms scores on both ACQ6 and RCP 3Q questionnaires, was 
statistically and clinically worse in females. However, females were 
less likely to have indicators of T2 inflammation with reduced FeNO 
and IgE levels in the UKSAR and lower blood eosinophil counts in 
the OPCRD cohort. Aligning with the findings of a recent RASP-UK 
biomarker study post hoc analysis by sex which found the majority 
of females to be T2 biomarker low but high in their ACQ6 symp-

tom scores with the converse seen in males.19 Interestingly, females 
had a higher per cent predicted FEV1 than males despite their worse 
asthma control scores. In prior cluster analyses, a similar group of 
females with poor asthma control and near normal lung function has 
previously been identified.13

Females from the UKSAR were also found to be significantly more 
likely to report hospital admissions and/or ED attendance within the 
last year. These findings were consistent with the SARP study where 
hospitalisations had a bimodal distribution, which mapped changes 
in asthma prevalence in the sexes, with males more likely to use heal-
thcare for their asthma during childhood and females later in life.33 
Similarly, females in the RASP-UK biomarker study19 were signifi-
cantly more likely to have asthma exacerbations and attend primary 
care within the last year. While, Trawick et al found females have 
also been found to be twice as likely as their male counterparts to 
have repeated asthma related hospital admissions.34 More generally, 
sex has been found to affect healthcare utilisation with females to be 
more likely to seek and use healthcare, even when female specific 
illnesses are accounted for.35 36

Variations in symptoms between the sexes are also likely to 
influence clinical presentation, interpretation, healthcare access and 
utilisation.37 38 While caution should be applied when interpreting 
self-reported outcomes, a dissociation between T2 biomarkers and 
symptom reporting has been noted in both sexes.19 The RASP-UK 
biomarker study post hoc analysis, which was also based on UK SA 
centres, was able to eliminate sex differences in symptom reporting 
from the ACQ by adjusting for differences in obesity and depres-
sion/anxiety.19 However, we were unable to replicate this mediation 
affect in our cohorts perhaps in part due to the RASP-UK biomarker 
study selection criteria, including a baseline FeNO of less than 45 
ppb to enrich for T2 biomarker low participants, compared with our 
real-world cohort. Other studies have suggested other contributory 
factors for the discrepancy. One study examining acute moderate 
and SA exacerbations found males less likely to report symptoms 
or activity limitations despite clinically similar levels of PEF with 
inappropriately low healthcare utilisation by males.38
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Females are also recognised to have an enhanced somatosensory 
response, including a heighted cough reflex sensitivity,39 which 
may play a role in SA. This raises the possibility of differential item 
functioning in the reporting and experience of asthma symptoms 
between males and females, and it is an area that is currently under 
active research.

As previously reported in the UKSAR, males were more likely to 
have raised T2 biomarkers, such as FeNO and total IgE, suggestive of 
T2 asthma, which can in turn be targeted through biological thera-
pies.20 While baseline blood eosinophils were not statistically different 
between sexes in the UKSAR, eosinophil counts greater than 0.3×109/L 
were significantly higher in males compared with females in OPCRD 
cohorts. Blood eosinophilia in moderate to SA has previously been 
associated with male sex.15 There was no significant difference between 
the proportion of males and females receiving biological therapy. There 
was no clear differentiation between medication adherence in males 
and females, however, medicine possession ratio is notoriously difficult 
to interpret as it is subject to significant reporting bias and multiple 
other confounders. There are, however, numerous studies investiga-
ting the relationship between sex and adherence with most finding no 
association, in line with our results.40

Females with SA were more likely to be obese across both inde-
pendent cohorts. The association with obesity and asthma has mul-
tiple underlying mechanisms, including altered lung mechanics and 
airway inflammation.41 42 Obesity is associated with poor asthma 
control,43 hospitalisation44 and asthma severity.45 A number of stu-
dies have found the increased risk of asthma with obesity46–48 and 
poor asthma control19 49 to be associated with females and not males. 
Furthermore, obesity may influence other parameters, for example, 
FeNO has been found to be lower in asthmatic patients who are 
obese, despite raised sputum eosinophils suggestive of T2 inflamma-
tion.50  Depression/anxiety, which was also more common in fema-
les, is associated with obesity and poor asthma control.51 Despite the 
potential confounding influence of obesity, depression/anxiety and 
smoking, mediation analysis showed the disparities to persist even 
taking these factors into account, suggesting another mechanistic 
role for the sex differences seen in SA. 

The sensitivity analysis in the mild/moderate OPCRD cohort alig-
ned closely with the observations made in the SA cohorts. Although 
females exhibited a greater tendency to have atopic disease and 
undergo asthma reviews within the mild/moderate group, the nota-
ble disparity in comparison to the SA groups could potentially stem 
from the larger sample sizes. The sensitivity analysis thus reinforces 
the strength of the findings derived from the SA cohorts, while also 
indicating that the disparities are unlikely to stem solely from varia-
tions in disease severity. Specialist care could inherently influence 
outcomes; however, referral rates from primary to specialist care 
did not exhibit any sex-based differences. Moreover, in the UKSAR 
group, who are receiving specialist care, females continued to have 
increased exacerbations, ED attendances and hospital admissions.

The UKSAR is a large well-characterised cohort of patients with 
SA, as defined by ERS/ATS criteria.21 It provides high-quality and 
real-world data using robust standardised biomarker and spirome-
try measurements across multiple UK SA centres. It is important to 
note that the patients on the UKSAR have been referred to specia-
list care and may have more severe disease than the overall OPCRD 
population. Many patients are referred for biological therapy, which 
focuses on T2 disease and may therefore bias the population towards 
those with T2 disease. Selection bias was minimised by examining 
two distinct data sources with the OPCRD providing an additional 
validatory data source to UKSAR in the wider unselected population 
and a sensitivity analysis comparator for mild to moderate asthma. 
This study, however, has several potential limitations. First, using 
retrospective datasets, it has been assumed that the diagnosis of SA 
is correct. While patients in the UKSAR will have undergone specia-
list multidisciplinary team assessment of their diagnosis, the OPCRD 
subjects were selected as those who remained uncontrolled (≥2 exa-
cerbations within a year) on GINA 201824 step 4 treatment and not 
subject to the same diagnostic scrutiny. Second, as an observational 
study, it is open to confounding influences such as unmeasured or 
poorly measured variables. Data used in the analysis, such as asthma 

control in the OPCRD dataset, was frequently missing and the timing 
of outcomes in relation to treatment can be difficult to account for. 
However, these factors are unlikely to have acted differentially based 
on sex. Further measures, such as health-seeking behaviour, which 
may mediate the effect seen between the sexes, and spirometry in 
primary care, which would provide a more robust comparison of 
lung function variables between datasets and is now recommended,3 

were not measured and would benefit from further research.
In conclusion, this real-world data show consistent and clinically 

important differences in the characteristics of males and females with 
SA, with the use of two distinct data sets demonstrating the applica-
bility of the UKSAR to the wider unselected SA population. Females 
had worse asthma control, increased exacerbations and were more 
likely to be obese despite higher FEV1 per cent predicted, similar 
baseline blood eosinophils, lower FeNO and reduced total IgE com-
pared with their male counterparts. Although related to sex the rea-
sons and mechanisms behind these disparities are likely to be related 
to multiple factors such as hormonal, immunological, comorbidity 
and behavioural (both patient and healthcare professional) influen-
ces which were not measured in our dataset.

Further prospective epidemiological studies with high-quality 
linked datasets and measure of other potential mediating factors 
such as symptom perception, alongside mechanistic studies are 
required to understand the drivers behind these sex differences and 
provide tailored and personalised care to people with SA.
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RESUMO
Fundamentação As trajetórias de desenvolvimento e 
declínio da função pulmonar ao longo da vida influen-
ciam o risco de doença pulmonar, mas estão pouco docu-
mentadas. 
Objetivo Documentar as trajetórias da função pulmonar 
desde a infância até meio da vida adulta.
Métodos  Modelámos o volume expiratório forçado 
em 1 segundo (FEV1), a capacidade vital forçada (FVC) 
e FEV1/FVC aos 9, 11, 13, 15, 18, 21, 26, 32, 38 e 45 
anos de idade a partir de uma coorte de base populacio-
nal, utilizando a análise de perfil latente para identificar 
subgrupos distintos de participantes com trajetórias de 
função pulmonar semelhantes. Foram utilizadas análises 
de regressão para avaliar as associações entre as traje-
tórias, os fatores do início da vida e a obstrução ao fluxo 
aéreo após broncodilatador aos 45 anos.
Resultados Entre os 865 participantes com ≥6 medidas 
da função pulmonar, identificámos 10 trajetórias distin-
tas de FEV1. A maioria apresentou-se aproximadamente 
paralela, exceto uma trajetória persistentemente baixa 
relacionada com a hiper-responsividade das vias aéreas 
na infância (3% da população do estudo), duas trajetó-
rias de declínio acelerado, uma das quais (8%) esteve 
associada ao tabagismo e a um índice de massa corporal 
(IMC) mais elevado na idade adulta, e uma trajetória de 
recuperação (8%). Os resultados relativos às trajetórias 
FEV1/FVC foram semelhantes. Foram identificadas nove 
trajetórias para FVC: a maioria também se apresentou 
aproximadamente paralela, com a exceção de uma tra-
jetória de declínio acelerado relacionada com IMC mais 
alto. As três trajetórias de FEV1 que levaram aos valores 
mais baixos de FEV1 corresponderam a 19% da coorte, 
mas contribuíram com 55% da obstrução do fluxo aéreo 
aos 45 anos. 
Conclusões As trajetórias da função pulmonar até meio 
da idade adulta são em grande parte estabelecidas antes 
da adolescência, com algumas exceções: uma trajetória 
persistentemente baixa relacionada com a hiper-respon-
sividade das vias aéreas na infância,  que começa baixa e 
se agrava com a idade, e trajetórias de declínio acelerado 
na idade adulta associadas ao tabagismo e à obesidade. 
As trajetórias adversas estão associadas a um risco ele-
vado de obstrução do fluxo aéreo a meio da vida adulta.

INTRODUCTION
Life course trajectories of lung function are rela-
ted to health and longevity and influence the risk 
for chronic lung disease in older adulthood.1 The 
main identified risk factor for chronic obstructive 
pulmonary disease (COPD) is accelerated forced 
expiratory volume in 1 s (FEV1) decline due to 
smoking in adulthood,2 but COPD can also fol-
low failure to attain a normal peak lung function 
in early adulthood.3 Moreover, low lung function 
in early adulthood also predicts non-respiratory 
comorbidities and higher all-cause mortality.4 5

Recent cohort studies suggest there are several 
distinct lung function trajectories in the general 
population.6–10 However, most of these only cap-
tured either lung function growth6 8 9 or decline 
phase.10 Only the Tasmanian Longitudinal Health 
Study (TAHS) reported data from both phases, us-

ing up to six repeated assessments of lung function 
from ages 7 to 53 years, but did not measure lung 
function between ages 18 and 45.7 Including measu-
rements from early adulthood when spirome- 
try usually reaches a peak is important to provide 
insights into the natural history of lung function 
development. Furthermore, most studies only re-
port trajectories for FEV1: trajectories of other lung 
function parameters have received little attention.11

We identified trajectories for FEV1, forced vital 
capacity (FVC) and FEV1/FVC in the Dunedin 
Multidisciplinary Health and Development Study 
(Dunedin Study), a population-based cohort with 
10 lung function assessments from ages 9 to 45 
years. We then investigated plausible predictors of 
these trajectories (online supplemental figure S1) 
and examined associations between lung function 
trajectories and airflow obstruction at age 45.

METHODS
Cohort
The Dunedin Study investigates health and beha-
viour in a population-based cohort born in Dune-
din in 1972/1973.12 13 The cohort was formed at 
age 3 years when 1037 individuals (52% male; 91% 
of eligible births) attended the first follow-up. The 
cohort has been further assessed at ages 5, 7, 9, 11, 
13, 15, 18, 21, 26, 32, 38 and 45 years (see online 
supplement for additional methods).

Measurements
Height and weight were measured at each assess-
ment. Spirometry was performed at each assess-
ment since age 9.14 15 At age 45, spirometry was 
repeated after inhaling 200 μg salbutamol via a 
large-volume spacer.16 Predicted values for FEV1, 
FVC and FEV1/FVC at each age were generated 
using multiple linear regression models for non-
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smoking, non-asthmatic, non-pregnant men and women adjust-
ing for height and height squared. Airflow obstruction was defined 
as a postbronchodilator FEV1/FVC ratio <0.7 at age 45.17

Definition of variables
Childhood asthma was defined as a parent/self-reported diagnosis
with compatible symptoms or asthma medication use within the 
previous year at ages 9, 11 or 13 years.18 19 Childhood airway hyper-
responsiveness (AHR) was defined as a positive response to metha- 
choline/salbutamol challenge at ages 9, 11 or 13 years.20

Participants were considered to be breastfed if breastfeeding 
continued for at least 4 weeks.21 Preschool attendance was reported 
at age 3. Household overcrowding at age 3 was defined as fewer than 
two rooms (excluding kitchen and bathroom) per child.22 Child-
hood cat and dog ownership was defined as having lived with cat 
and dog by age 9.22 Parental smoking was ascertained at ages 7, 9, 11 
and 13 years.22 At 3 years, parents were asked about the number of 
coughs and colds the participant had had in the previous year.

Childhood socioeconomic status was assessed throughout 
childhood based on the education and income associated with 
their parents’ occupation.18 Parental history of asthma or hay fever 
was ascertained when participants were aged 7 and 18.

Atopy was assessed at ages 13, 21 and 32 years by skin prick tests 
for common aeroallergens. Atopy was defined as a weal diameter 
2 mm greater than the negative control to one or more allergens.23

Cumulative smoking was calculated from the reported number 
of cigarettes smoked up to age 18 years and the number smoked 
between each subsequent assessment (one pack-year=20 ciga-
rettes/ day for 1 year).16

Statistical analysis
We analysed FEV1 at each age (from 9 to 45 years) using latent pro-
file analysis (LPA) to identify distinct subgroups of study partici-
pants whose FEV1 measurements followed a similar pattern over 
time. LPA is described extensively elsewhere.24 Briefly, it identifies 
unobserved subgroups of individuals who share similar characte-
ristics, based on a series of continuous variables. We used estima-
ted posterior probabilities to assign individuals to the trajectory 
that they were most likely to belong to.

Based on previous studies,7 8 we hypothesised at least four FEV1 
trajectories. LPA models with 4–12 trajectories were fitted to the 
data. After excluding models with trajectories with <2% of the 
cohort, the model with the lowest Bayesian information crite-
rion (BIC) value was selected.25 Descriptive labels were assigned 
to the identified trajectories. The primary analysis included study 
members with at least six spirometry measures between ages 9 and 
45, including at least one measure from each of childhood (ages 
9–15), early adulthood (ages 18–32) and mid-adulthood (ages 
38–45). Baseline/early childhood characteristics were compared 
between those included and not included in these models. Missing 
data were assumed to be mostly missing completely at random. 
A sensitivity analysis included those with at least two spirometry 
measures at any ages from 9 to 45 years.

Associations between childhood and adult factors (exposures) 
and trajectories were examined using multivariable binary logistic 
regression where the outcome belonged to that particular trajecto-
ry vs belonging to any other trajectory. Further analyses compared 
each trajectory with the ‘average’ trajectory. The choice of plausible 
exposures was informed by a directed acyclic graph (online sup-
plemental figure S1). Initially, all exposures were included in each 
model, followed by univariable models for exploratory purposes. 
Firth logistic regression was used when the size of the trajectory of 
interest was below 50.26 Statistical significance was determined us-
ing the Bonferroni-Holm method (per variable, separately for uni-
variable and multivariable models). This controls the family-wise 
error rate without requiring assumptions about the (in)depen-
dence of the hypotheses being tested.27 This analysis was repeated 
for each identified FEV1 trajectory.

The same approach was used for FVC and FEV1/FVC. One par-
ticipant with developmental abnormalities affecting lung function 

was excluded from all analyses. Measurements were excluded at 
ages when pregnancy was reported. Two-sided p values <0.05 
were considered statistically significant. Analyses used Stata V.15.0 
(StataCorp).

RESULTS
Trajectories of FEV1
The primary analyses included 865 study members with at least 
six spirometry measures from ages 9 to 45 (table 1). Comparisons 
with those excluded from this analysis are shown in online sup-
plemental table S1). The LPA model with the lowest BIC identified 
10 distinct FEV1 trajectories (online supplemental table S2). Most, 
but not all, trajectories were approximately parallel throughout 
follow-up (figure 1). Exceptions included two accelerated decline 
trajectories and a persistently low trajectory that started low and 
declined further over time.

Participant characteristics according to identified FEV1 trajec-
tories are shown in online supplemental table S3. The persistently 
low FEV1 trajectory had the highest prevalence of childhood asth-
ma and AHR and the highest prevalence of atopy. The accelerated-
decline-II trajectory had the highest cumulative tobacco pack-
years by age 45.

Pairwise comparisons showed that participants in the persistently 
low trajectory were more likely to have childhood AHR compared 
with all other trajectories combined (statistically significant associa-
tions are summarised in table 2: for full results, see online supple-
mental tables S4 and S5). Childhood AHR was also associated with 
the always-well-below-average trajectory. The accelerated-decline-
II trajectory was associated with tobacco pack-years by age 45 and 
body mass index (BMI) at age 45. BMI at age 9 was positively associ-
ated with the persistently high trajectory. Overall, BMI at age 9 was 
also associated with lower odds of belonging to the always-below-
average trajectory. However, there was evidence of a U-shaped asso-
ciation with higher odds of belonging to this trajectory among those 
with high BMI values (≥18.9 kg/m2 (top 6.6%)) at age 9.

At age 45, participants in the persistently low FEV1 trajectory 
had the highest prevalence of postbronchodilator airflow obstruc-
tion (59%), followed by accelerated-decline-II (23%) and always-
well-below-average (16%) trajectories. By comparison, the overall 
prevalence of postbronchodilator airflow obstruction among the 
other 7 trajectories was 5%.

Trajectories of FVC
The LPA model with the lowest BIC identified 11 distinct FVC tra-
jectories but one of these was very small (n=11, 1.3%). Therefore, 
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the model with the second lowest BIC which had nine trajectories 
was selected (online supplemental table S2). Most of the identi-
fied FVC trajectories were approximately parallel during follow-up 
(figure 2).

The persistently low FVC trajectory had the highest prevalence 
of childhood AHR and atopy over the ages (online supplemental 
table S6). Pairwise comparisons showed that BMI at age 45 was 
positively associated with the accelerated-decline trajectory com-
pared with all others and negatively associated with the catch-up 
trajectory (table 2, online supplemental tables S7 and S8).

Trajectories of FEV1/FVC
The LPA model with the lowest BIC identified 10 distinct FEV1/ 
FVC trajectories (online supplemental table S2). Most were ap-
proximately parallel throughout follow-up (figure 3). Partici-
pants in the persistently low FEV1/FVC trajectory had the highest 
prevalence of childhood asthma and AHR (online supplemental 
table S9). This trajectory also had the highest prevalence of atopy: 
all trajectory members were atopic at ages 21 and 32. The acce-
lerated-decline trajectory had the highest tobacco pack-years by 
age 45.

Pairwise comparisons showed that participants in the persis-
tently low trajectory were more likely to have childhood AHR 
compared with all others (table 2, online supplemental tables S10 
and S11). Childhood AHR was also associated with the always-
well- below-average trajectory and negatively associated with the 
always-well-above-average trajectory. Cumulative smoking was 
associated with accelerated-decline and above-average-but-with- 
decline trajectories, and negatively associated with the always-
well-above-average trajectory. BMI at age 45 was negatively as-
sociated with the persistently high trajectory. Participants in the 
always-below-average trajectory were more likely to have attended 
preschool at age 3 years.

At age 45, participants in the persistently low FEV1/FVC trajec-
tory had the highest prevalence of postbronchodilator airflow ob-
struction (74%), followed by the always-well-below- average (43%) 
and accelerated-decline (37%) trajectories. The overall prevalence 
of postbronchodilator airflow obstruction among the other 7 tra-
jectories was 2%.

The sensitivity analysis, including those with at least two spirom-
etry measures from 9 to 45 years, is shown in online supplemental 
figure S2.

DISCUSSION
Using up to 10 assessments of spirometry in a large prospective 
population-based cohort followed from ages 9 to 45 years, we iden-
tified distinct trajectories of FEV1, FVC and FEV1/FVC. A striking 
observation is that most, but not all, of the identified trajectories 
were approximately parallel, demonstrating that, for most people, 
their lung function trajectory into mid-adult life was already estab-
lished before adolescence. Notable exceptions included childhood 
AHR-associated persistently low trajectories, which started low and 
diverged further from the others over time, and accelerated-decline 
trajectories associated with smoking and higher adult BMI. We also 
identified catch-up trajectories for FEV1 and FVC, which, for FVC, 
were associated with lower adult BMI values. Importantly, we found 
that the three FEV1 and three FEV1/FVC trajectories leading to the 
lowest values at age 45 contributed most of the airflow obstruction at 
age 45 despite representing small proportions of the cohort.

The FEV1 trajectories that we identified are broadly consistent 
with those reported in other cohorts. The only other study to cover 
a similar age range from childhood to mid-adulthood (ages 7–53), 
identified 6 distinct FEV1 trajectories among 2438 Australian par-
ticipants.7 Using a similar statistical approach to ours, a study of 
two British population-based cohorts identified four FEV1 trajec-
tories based on three or four spirometry measures from ages 5 to 
24.8 Another British cohort observed high and low FEV1 trajecto-
ries from ages 10 to 26.9 Among asthmatics, the Childhood Asth-
ma Management Programme classified 684 participants into four 
FEV1 trajectories based on spirometry measures from ages 7 to 
26.28 Looking at changes after peak adult lung function, an Ameri-
can study identified five FEV1 trajectories from ages 25 to 55.10

We identified more distinct FEV1 trajectories than all these stud-
ies.7–10 28 This is likely because we selected the model with the best 
empirical fit (lowest BIC), whereas other studies either limited the 
maximum number of trajectories or merged similar-looking tra-
jectories. However, even if we were to merge similar trajectories, 
the combined evidence suggests that there are at least five FEV1 
trajectories in the general population: persistently high, average, 
below average, accelerated decline and persistently low. In addi-
tion, an early below average with catch-up during adolescence 
FEV1 trajectory was observed in both our study (8%) and the 
TAHS (8%).7 None of the other cohorts had sufficient data to iden-
tify this. For comparison with earlier studies, graphs with fewer 
trajectory classes are shown in online supplemental figure S3.
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We also identified 10 distinct FEV1/FVC trajectories. Two stud-
ies found normal/high and persistently low trajectories from ages 
11 to 32 and 10 to 26 years.6 9 Only the recent TAHS study inves-
tigated FEV1/FVC trajectories beyond early adulthood, reporting 
six trajectories.11 Although they used a different statistical ap-
proach and had fewer ages of assessment with few lung function 
measurements in early adulthood, the patterns of trajectories were 
broadly consistent with our findings. In particular, the adverse 
trajectories leading to airflow obstruction in mid-adult life (‘early 
low-rapid decline’, ‘early normal-rapid decline’, ‘early low-normal 
decline’) were similar to the persistently low, accelerated-decline 
and always-well-below-average trajectories that we have identified. 
Graphs with fewer FEV1/FVC classes are shown in online supple-
mental figure S4.

In our study FEV1/FVC trajectories and FEV1 trajectories had 
similar associations with AHR: for both parameters, persistently 
low (both 3% of the cohort) and always-well-below- average (7% 
and 8%, respectively) trajectories were associated with childhood 
AHR, whereas those in the always-well-above-average FEV1/FVC 
trajectory (15%) and always-above-average FEV1 (14%) trajecto-
ries were less likely to have childhood AHR. Other studies have 
found that asthma is associated with persistently low FEV1 trajec-
tories.7 8 AHR is a hallmark of asthma and these findings indicate 
that childhood asthma plays a key role in the impaired develop-
ment of FEV1 and airflow obstruction. Although parental asthma 

has been reported to be associated with impaired lung function 
among offspring,6 29 we did not find any direct association between 
parental asthma and lung function trajectories, after accounting 
for the potential mediator of childhood asthma in the participants. 
The TAHS study found an association between parental asthma 
and low FEV1/FVC (but not FEV1) trajectories but did not report 
whether this association persisted after adjusting for childhood 
asthma.7 11 All participants in the persistently low FEV1/FVC tra-
jectory were atopic, although this was not a statistically significant 
independent predictor of this trajectory once adjusted for the oth-
er variables including AHR. 

Unsurprisingly, accelerated-decline-II FEV1 and accelerated-
decline and above-average-but-with-decline FEV1/FVC trajecto-
ries were all associated with cumulative smoking. Although smo-
king was not a statistically significant predictor of the accelerated 
decline FEV1 trajectory in TAHS, this trajectory had the highest 
prevalence of smoking,7 and smoking was associated with the 
FEV1/FVC trajectories leading to adult airflow obstruction.11

We identified nine distinct trajectories for FVC. To our know-
ledge, only two previous studies have investigated FVC trajecto-
ries. A high and a low FVC trajectories were identified in the Isle of 
Wight cohort, based on three measures at ages 10, 18 and 26 years.9 

The TAHS study identified five FVC trajectories.11 Although fewer 
in number, several of these trajectories appear consistent with the 
trajectories that we identified, with persistently low, persistently 
high and catch-up trajectories. However, they did not identify an 
accelerated decline FVC trajectory. Graphs with fewer FVC classes 
are shown in online supplemental figure S5.

We found a high degree of overlap between identified FEV1 and 
FVC trajectories (figure 4), for example, 68% of participants in the 
persistently low FEV1 trajectory were assigned to either the persis-
tently low or always-well-below-average FVC trajectory, and 87% 
of those in the persistently high FEV1 trajectory were assigned to 
either the persistently high or always-well-above-average FVC tra-
jectory. We also found considerable overlap between the FEV1 and 
FEV1/FVC ratio trajectories but there was less overlap between 
the FVC and FEV1/FVC trajectories (online supplemental figures 
S6 and S7). The extent to which FVC and FEV1/FVC trajectories 
provide additional health information to FEV1 trajectories remains 
unclear and needs further investigation: although TAHS found 
that trajectories leading to obstructive, restrictive and mixed pat-
terns of lung function disorder had different predictors and health 
associations, these classifications were based on the lung function 
outcomes at age 53 rather than the trajectories themselves.11

We identified few associations between our potential exposures 
and the better than average lung function trajectories. BMI at age 9 
was positively associated with the persistently high FEV1 trajectory 
and negatively associated with the always-below- average trajec-
tory, suggesting that early childhood growth may have a long-term 
protective effect on adult FEV1, although there was also evidence 
that overweight children may be more likely to have always-below- 
average trajectories. By contrast, BMI at age 45 was associated with 
accelerated decline FEV1 and FVC trajectories, and a lower likeli-
hood of the catch-up FVC trajectory, confirming the detrimental 
impact of increasing body weight in adolescence and adulthood 
on lung function.

Collectively, the three trajectories leading to the lowest FEV1 
values (persistently low, always-well-below-average and accele-
rated-decline-II) represented 19% of the cohort and 55% of post-
bronchodilator airflow obstruction (meeting GOLD spirometric 
criteria for COPD) at age 45. Moreover, the three FEV1 trajectories 
that did not reach the normal peak in early adulthood (persistently 
low, always-well-below-average and always-below-average) repre-
sented 22% of the cohort and 44% of airflow obstruction at age 45. 
This is consistent with an analysis of three cohorts in which half of 
the participants with spirometric COPD had lower lung function 
in early adulthood, followed by a normal rate of lung function de-
cline.3 It is also supported by our observations for the FEV1/FVC 
trajectories: the persistently low and always-well-below-average-
trajectories represented only 11% of study cohort, but contributed 
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60% of postbronchodilator airflow obstruction at age 45, indicat-
ing that over half of mid-adulthood spirometric COPD has child-
hood origins.

Our finding that most of the identified trajectories were approxi-
mately parallel suggests that, for most people, these trajectories are 
already established by adolescence. This raises important issues. 
First, it remains unclear how to maximise lung growth in early life 
to set people on beneficial trajectories. Second, it is unclear wheth-
er interventions involving better management of childhood asth-
ma/AHR, avoiding smoking and maintaining healthy body weight 
could ‘correct’ the adverse lung function trajectories, or at what 
age(s) these interventions could be effective. Third, the underlying 
mechanisms of persistently high and catch-up lung function tra-
jectories are unknown: understanding these would provide impor-
tant insights into promotion of healthy lung function development 

in the general population. Finally, the long-term consequences of 
different lung function trajectories for health and longevity are not 
yet established, for example, we do not know whether low lung 
function in late adulthood from persistently low trajectories has 
similar consequences to low lung function due to accelerated de-
cline. 

To our knowledge, these are the most complete longitudinal 
data on lung function from childhood to mid-adulthood cur-
rently available, and this is only the second study to characterise 
lung function trajectories in terms of all three main spirometric 
parameters. Strengths of the study include the prospective popu-
lation-based design, large sample size, high retention rates during 
follow-up, assessments of lung function at up to 10 time points 
and an objective approach to model selection. Although 17% of 
the original cohort was excluded from the main analysis due to 
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insufficient lung function measures, findings were very similar in 
the sensitivity analysis which included participants with at least 
two spirometry measures (n=1008; 97% of the original cohort; on-
line supplemental figure S2). Furthermore, those included in and 
excluded from the main analysis had similar baseline characteris-
tics (online supplemental table S1). We chose to analyse the data 
using LPA because this allows each individual to be assigned to the 
most likely trajectory. In our study, the posterior probabilities of 
belonging to the trajectories were very high (online supplemental 
table S12), indicating a good model fit. The trajectories for each in-
dividual participant associated with the identified FEV1, FVC and 
FEV1/FVC trajectory classes are shown in online supplemental fi-
gures S8–S10. The LPA approach has been used by several previ-
ous studies30 and is conceptually similar, but mathematically dif-
ferent, to group-based trajectory modelling that has been used by 
some others.7 11

Several limitations should be acknowledged. We do not have lung 
function data before age 9, when the trajectories of lung function 
may be largely determined,31 32 and we do not yet have lung function 
measures in later adulthood to complete the trajectories across the 
life course. Our definition of postbronchodilator airflow obstruc-
tion at age 45 does not necessarily indicate clinical COPD. How-
ever, in our cohort at this age, the lower limit of normal for FEV1/
FVC ratio (0.69) is very similar to the GOLD criterion of FEV1/FVC 
ratio <0.7 that we used. Although we have reports of coughs and 
colds at age 3, we may have missed early life exposures such as se-
vere lower respiratory tract infections.33 34 We also compared expo-
sures for each trajectory to all other trajectories combined, whereas 
previous reports have tended to use the ‘average’ trajectory as the 
reference group. Our approach risks diluting risk factors that might 

be shared by more than one trajectory. On the other hand, the ‘ave-
rage’ group may simply have a mix of beneficial and adverse fac-
tors and may not necessarily represent ideal lung health. To facilitate 
comparisons with previous studies, multivariable analyses using the 
‘average’ trajectories as the reference groups are shown in online 
supplemental tables S13–S15. Overall, there were few differences 
with the main analyses, although some of the associations changed 
statistical significance—mostly becoming non-significant, which is 
likely because of the lower power due to the smaller size of the refe- 
rence category. Finally, the precision of our estimated associations 
for some exposure–trajectory combinations is limited by the size 
of the less common trajectories along with the collinearity between 
some exposures, such as AHR, asthma and atopy.

CONCLUSIONS
We identified distinct trajectories of lung function from childhood
to age 45 years in a prospective population-based cohort. Most of 
these trajectories were approximately parallel, demonstrating that, 
for most people, their lung function trajectories appear to be estab-
lished before adolescence. However, we observed a few exceptions: 
childhood asthma/AHR-associated persistently low trajectories, 
which started low and diverged further from the other trajecto-
ries over time, and accelerated decline trajectories associated with 
smoking and higher adult BMI. 

Despite representing a minority of the cohort, the three trajecto-
ries leading to the lowest FEV1 values contributed most of the post-
bronchodilator airflow obstruction at age 45. To promote healthy 
adult lung function trajectories and reduce the risk of COPD, we 
need strategies to maximise lung growth in early life and minimise 
childhood asthma-related lung function impairment.
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RESUMO
Contexto A exacerbação grave da doença pulmonar 
obstrutiva crónica (DPOC) é um evento que altera a tra-
jetória de vida dos doentes e que contribui em grande 
medida para os custos do sistema de saúde. Este estudo 
avalia o impacto no mundo real de um programa de cui-
dados primários com uma gestão integrada da doença 
(GID) na utilização aguda dos serviços de saúde (USS) no 
sistema de saúde canadiano.
Métodos Análise de séries temporais interrompidas 
utilizando dados administrativos de saúde retrospetivos, 
comparando as taxas mensais de eventos de USS 3 anos 
antes e 3 anos após a implementação da GID da DPOC. 
Os resultados primários foram os internamentos hospita-
lares relacionados com a DPOC e as visitas ao serviço de 
urgência (SU). Os resultados secundários incluíram dias 
de hospitalização e todas as causas de USS.
Resultados O número de participantes foi de 2451. As 
taxas de USS relacionadas com a DPOC e com todas as 
causas aumentaram nos 3 anos anteriores à implemen-
tação da GID. Com a implementação, verificou-se uma 
diminuição imediata (mês 1) das taxas de hospitalização 
relacionadas com a DPOC e de visitas às urgências de -4,6 
(IC 95%: -7,76 a -1,39) e -6,2 (IC 95%: -11,88, -0,48) 
por cada 1000 participantes por mês, respetivamente, 
em comparação com o grupo de controlo comparativo. 
Após 12 meses, as taxas de hospitalização relacionadas 
com a DPOC diminuíram: -9,1 eventos por cada 1000 
participantes por mês (IC 95%: -12,72, -5,44) e as visitas 
às urgências diminuíram -19,0 (IC 95%: -25,50, -12,46). 
Esta diferença quase duplicou aos 36 meses. A USS por 
todas as causas também demonstrou reduções nas taxas 
aos 12 meses, a hospitalização situou-se em -10,2 even-
tos por cada 1000 participantes por mês (IC 95%: -15,79, 
-4,44) e as visitas às urgências situaram-se em -30,4 (IC 
95%: -41,95, -18,78). 
Conclusões A implementação de uma GID para a DPOC 
num contexto de cuidados primários foi associada a uma 
alteração da trajetória da USS relacionada com a DPOC 
e com todas as causas, passando de uma tendência cres-
cente ano após ano para reduções sustentadas a longo 
prazo. Este facto realça uma oportunidade substancial no 
mundo real que poderá melhorar o desempenho do sis-
tema de saúde e o prognóstico dos doentes.

INTRODUCTION 
Chronic obstructive pulmonary disease (COPD) is
a heterogeneous lung disease that causes 
persistent and often progressive airflow limita-
tion.1 It is characterised by chronic symptoms, 
notably dyspnoea, cough and sputum produc-
tion.1 2 Globally, there were over 212 million 
people living with COPD in 2019, attributing 
3.3 million deaths and accruing 74.4 million 
disability-adjusted life years.3 Exacerbation, 
characterised by moderate or severe symptom 
worsening, is a substantial burden to both patients 

and health systems.1 2 Inpatient hospital admis-
sions are responsible for the greatest proportion 
of direct economic costs and heighten the risk of 
subsequent severe exacerbation and mortality.1 

2 4–8 In addition, people with COPD exhibit a 
higher prevalence of disease comorbidity than 
those without, further increasing health system 
utilisation and expenditure.1 9–11 These hospitali-
sation rates have persisted over time in multiple 
health jurisdictions globally and therefore, the 
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uGlobally, the care of patients with chronic 
obstructive pulmonary disease (COPD) 
is characterised by low guideline con-
cordance and high rates of acute health 
services use including hospitalisation and 
emergency department (ED) visits.

u Randomised controlled trials have con-
firmed the efficacy of integrated disease 
management (IDM), a cost-effective, 
team-based approach to improve concor-
dance between clinical care and clinical 
practice guidelines, to reduce acute health 
service utilisation.

u  Although a majority of patients with 
COPD are managed in the community in 
primary care, the effectiveness of COPD 
IDM has not been examined in a real-
world primary care setting.

WHAT THIS STUDY ADDS
uPrimary care-based COPD IDM is an 

effective intervention, and implemen-
tation was associated with a change in 
disease trajectory from increasing acute 
health service utilisation, to an imme-
diate and sustained long-term reduction 
in hospitalisation and ED visits.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uStrong supporting evidence for the real-
world effectiveness of COPD IDM highli-
ghts that a substantial opportunity to 
improve health system performance and 
patient outcomes may exist, warranting 
IDM evaluation in different settings glo-
bally.
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implementation of effective solutions is required to improve 
health system performance.7 12

Integrated disease management (IDM) programmes provide an 
effective, proactive model of care—formally integrating current 
evidence-based COPD management guidelines using a multicom-
ponent, multidisciplinary approach involving pharmacological 
therapies, pulmonary rehabilitation, case management, educa-
tion and self-management strategies.1 2 The goal is to prevent and 
manage exacerbation effectively thereby improving COPD prog-
nosis and avoiding costly acute care service utilisation.1 Collec-
tively, randomised controlled trials (RCTs) have demonstrated 
IDM can reduce respiratory-related hospital admissions and 
emergency department (ED) visits and improve health-related 
quality of life (HR-QoL).13 Pulmonary rehabilitation is highly 
effective, but its health system impacts are limited by access, high 
resource intensity and its waning effect over time.1 14 15 This high-
lights the need for more cost-effective, long-term interventions 
and continued surveillance to evaluate if health system impacts 
are sustained over time and across jurisdictions.16

Best Care COPD is a primary care-based, self-management IDM 
programme emanating from an RCT that confirmed programme 
efficacy, including reduced acute health service utilisation (HSU) 
and improved HR-QoL.17 Further evaluative studies of the Best 
Care COPD Programme supported real-world effectiveness, 
reporting that Best Care improved patient and provider experi-
ences, and that it was cost-effective and dominant relative to the 
usual standard of care.18–23 As with the majority of studies forming 
a large body of published literature on IDM, the quantitative evalu-
ations were limited to 1 year of locally collected follow-up data.13 
Additionally, even for pulmonary rehabilitation, a gold-standard 
COPD IDM intervention, the long-term impacts are unproven.15 
Considering the substantial multiyear impact that COPD has on 
health system utilisation, it is imperative to directly evaluate the 
effect of COPD IDM at the health system level and to extend the 
evaluation window. Accordingly, we used health administrative 
data from a publicly funded health system, the Ontario Health 
Insurance Plan (OHIP), to examine the impact of the Best Care 
COPD Programme on health system performance, including 
hospital admissions and ED visits, over a 6-year observation 
window.

METHODS
Study design
We quantified the impact of Best Care COPD using interrupted 
time series. HSU events between 13 January 2008 and 31 March 
2020 were included. Data beyond 31 March 2020 were excluded to 
avoid potential bias from the COVID-19 pandemic period. HSU 
data were retrieved, from provincial health administrative data-
bases, at monthly intervals for the 3 years prior to the initial Best 
Care appointment and for up to 3 years after or until the partici-
pant died. The observation periods for each participant were 
centred to the initial appointment (T0). Acute HSU was tracked 
from −36 months to T0 (pre-intervention period) and T0 to +36 
months (intervention period). Date of initial appointment could 
therefore occur anytime between 13 January 2011 and 31 March 
2019, so every participant had 36 months pre-intervention and a 
minimum of 12 months of intervention follow-up (figure 1).

Best Care COPD is a structured multidisciplinary IDM 
programme embedded in primary care across the province of 
Ontario, Canada. The programme creates a triad of collaborative 
care between a patient, their primary care provider and a certi-
fied respiratory educator-case manager. Best Care COPD is a 
complete knowledge translation module that delivers all elements 
of evidence-based care that are relevant to primary care including 
provincial quality standards, national and international COPD 
guideline recommendations related to diagnosis, comprehensive 
assessment, individualised care planning, education and self-
management, smoking cessation, pharmacological management, 
vaccinations and referral for specialised respiratory care (figure 
2).1 2 24 The Best Care Programme elements have been described in 
detail previously.17 20	

Data sources and measurement
Data were collected from two sources: the Best Care COPD IDM 
electronic health record and ICES (formerly known as the Institute 
for Clinical Evaluative Sciences).

Best Care COPD IDM
The Best Care COPD health record is an electronic point of service 
system used as an integrated technology solution that guides and 
standardises every patient encounter. The digital tool captures 
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health outcomes and measures the achievement of guideline-based
performance metrics. The baseline characteristics of all patients 
were extracted from this registry at T0 (initial visit). Baseline 
variables included age, sex, residence (rural vs urban), income 
(inferred from postal code), body mass index, race, smoking 
status, smoking pack years, self-reported comorbidities, vaccina-
tion status and prior year antibiotic and prednisone use.

COPD-specific baseline variables included: modified Medical 
Research Council (mMRC) score (0–4) which stratifies the severity 
of dyspnoea; COPD Assessment Test (CAT) score (0–40), a vali-
dated disease-specific quality of life tool that quantifies the impact 
of COPD symptoms on a patient’s overall health; Global initiative 
for Obstructive Lung Disease (GOLD) (groups ABE) which cate-
gorises the severity of COPD using a combination of prior-year 
exacerbation history and COPD symptoms using mMRC or CAT; 
GOLD class (I–IV), a spirometric measure of airflow limitation, 
post-bronchodilator forced expiratory volume in 1 second.1

ICES data
Ontario has a publicly funded health system administered under 
the OHIP. All essential medical services and claims are captured 
in health administrative databases. ICES houses Ontario health 
administrative databases, including the National Ambulatory Care 
Reporting System which captures ED visits, the Canadian Insti-
tute for Health Information Discharge Abstract which captures 
hospital admissions and the Registered Persons Database that 
records the date of death. Participants were linked by their unique 
OHIP number to the ICES database. Monthly HSU data were 
assembled. Primary reason for COPD-related hospital admission 
or ED visit was identified using the International Classification of 
Diseases, 10th revision codes. COPD-related HSU was defined 
as combined COPD-specific HSU and COPD-associated lower 
respiratory codes, for example ‘influenza’ or ‘pneumonia’ (online 
supplemental table 1E).

Participants
All Best Care Programme patients were included if they were: 
≥35 years of age at the initial visit, residents in Ontario for the 3 
years prior to commencing the Best Care COPD Programme, had 
a clinical or objective COPD diagnosis and had attended at least 
one Best Care appointment (figure 1). Participants were excluded 
if at any time during follow-up, a COPD diagnosis was objectively 
ruled out. Censoring occurred when a participant died.

Outcomes
Primary outcomes were COPD-related hospital admissions and 
COPD-related ED visits. Secondary outcomes included COPD-
related hospital bed days, all-cause hospital admissions and all-
cause ED visits. In a post-hoc exploratory analysis, we examined 
Best Care Programme impacts on cardiovascular (CV)-related 
hospitalisation.

Statistical analysis
Baseline characteristics of the study population were summarised 
as the mean and SD for continuous variables and frequency and 
percentage for categorical variables. In addition, we tabulated 
annual measures of observed HSU for the 6-year observation win-
dow, and mortality events were reported over the 3-year interven-
tion period.

Interrupted time series analysis
Observed monthly HSU rates (events per 1000 participants per 
month) were calculated over the 6-year observation period. A 
3-year pre-intervention and 3-year intervention trend were measu- 
red. A ‘counterfactual control’ was modelled by continuing the pre-
intervention trend line through the intervention period, assum-
ing the absence of any intervention (ie, a continuation of usual 
care). The counterfactual control trend line was compared with 
the observed intervention trend line. Differences between the 
counterfactual control and the observed intervention trends were 
considered as the ‘difference-in-difference’ in the interrupted time 
series analysis.

We used a segmented linear regression model to evaluate changes 
in HSU following the implementation of the IDM programme. Our 
model included a level change and slope change corresponding to 
the implementation of the IDM programme (T0), allowing for the 
estimation of immediate (level change: T0–month 1 of the inter-
vention) and gradual changes (slope change: month 1–month 36) 
in HSU rates following the intervention. All observations were cen-
tred to the initial IDM appointment (T0) thereby eliminating the 
effect of seasonality. Estimated intervention effects are reported as 
absolute changes in HSU rates with 95% CIs.

Sensitivity analysis
We conducted two sensitivity analyses on the counterfactual con-
trol for the primary outcomes of COPD-related hospitalisation 
and ED visits. First, the data were modelled using a constant rate 
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counterfactual control, assuming the rate remained constant from 
T0 across the 36-month intervention period.25 26 Second, using a 
counterfactual control modelled from −36 to −13 months of pre-
intervention outcome data, thereby eliminating any short-term 
steep rate elevations observed between −12 and T0 . An additional 
sensitivity analysis of the primary outcomes was performed exclu-

ding all participants who died, to investigate if a reduction in the 
most exacerbation-prone individuals due to mortality influenced 
the observed intervention trend by concentrating on the ‘healthier’ 
proportion of the study population. 

All analyses were conducted using SAS Enterprise Guide V.8.3.

Patient and public involvement
Best Care has involved patients in programme design and measu-
res patient experience.21 27 28 The Patient-Reported Experience 
Measure in COPD patient experience questionnaire is being imple-
mented.29 As this study is a retrospective administrative dataset 
evaluation of the Best Care COPD IDM Programme, no patients 
or members of the public were involved in the conduct of the study.

RESULTS 
Participant characteristics
A total of 2518 participants met study entry criteria (figure 1). The 
mean number of Best Care appointments per participant was 3.4 
(SD: ±2.5) over 12.1 months (±12.4) of follow-up. COPD patho-
physiology, exercise and activity, and medication management are 
educational components of IDM received by 83.4–93.1% of the 
study cohort. Skills training in breathing techniques, flare-ups and 
exacerbation, and inhaler techniques were received by 93–96.5% 
and case management including action plan development, influ-
enza vaccination and smoking cessation are elements of IDM 
received by 77.6–100% of the study cohort (online supplemental 
table 2E). Of the 2518 eligible participants, 2451 were linked to 
the administrative data and amounted over 13 000 person-years 
of follow-up (figure 1). The study cohort had a mean age of 67.1 
years (±10.6), with 48.3% female, 98.2% Caucasian and 44.6% in 
the two lowest income quintiles. This cohort had a mean CAT score 
of 15.9 (±8.1), a mean mMRC of 1.4 (±1.0), 38.4% had two or more 
comorbidities, 42.2% were GOLD group B and 23.3% GOLD group 
E (table 1).

Observed HSU and mortality events
Table 2 shows the actual number of events and proportion of indi-
viduals experiencing a COPD-related or all-cause HSU in this study 
cohort. Over 6 years of study evaluation, 3 years pre-intervention
and 3 years of intervention, COPD-related hospital admissions 
ranged from 78 to 283 events per year impacting between 62 (2.5%) 
and 225 (9.2%) individuals, and amounting to 483–1924 inpatient 
days. COPD-related ED visits ranged in number from 339 to 809 
per year affecting between 205 (11.8%) and 499 (20.4%) individu-
als. During the intervention period, there were 328 deaths, repre-
senting 4.1–6.6% of the study population per year (table 2).

Interrupted time series analysis
COPD-related and all-cause
Figure 3 graphically represents the monthly rates of HSU based 
on the time series models. Both COPD-related and all-cause HSU 
demonstrated an increasing trend in the pre-intervention period. 
During the intervention period, the observed trend remained sta-
ble or decreased from T0 to month 36. In the pre-intervention 
period, COPD-related hospital admission rates increased by 0.4 
events per 1000 per month (95% CI: 0.24 to 0.46), inpatient bed 
days increased by 2.4 bed days per 1000 per month (95% CI: 
1.72 to 3.12) and ED visits by 0.8 events per 1000 per month 
(95% CI: 0.56 to 0.95). From T0 to the first month of the inter-
vention period, there was an immediate drop in the event rate 
(level change) for hospital admissions of −4.6 events per 1000 
per month (95% CI: −7.76 to −1.39), −32.7 inpatient bed days per 
1000 per month (95% CI: −53.29 to −12.14) and −6.2 ED visits 
per 1000 per month (95% CI: −11.88 to −0.48). The reduction 
in rates remained over the 36-month intervention period for all 
COPD-related HSU events. Similarly, for all-cause HSU, there 
were increasing rates observed in the pre-intervention period and 
significant slope reductions in the intervention period, but there 
was no level change observed from T0 to month 1 (figure 3 and 
online supplemental figure 1E for inpatient bed days).
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Differences between the counterfactual control and observed trends 
in the intervention period are quantified at 12, 24 and 36 months in 
figure 4. For all HSU outcomes, the difference between the counterfac-
tual control and the observed trends increased through all three time 
periods. The difference for COPD-related hospital admissions was 
−9.1 events per 1000 per month (95% CI: −12.72 to −5.44) at month 
12 and −18.1 events per 1000 per month (95% CI: −24.39 to −1.78) at 
month 36. There was a reduction of −61.9 inpatient bed days per 1000 
per month (95% CI: −85.39 to −38.36) at 12 months and a further 
reduction of −120.2 events per 1000 per month (95% CI: −160.92 to 
−79.48) at 36 months. Likewise, for COPD-related ED visits, the rate 
difference was −19.0 events per 1000 per month (95% CI: −25.50 to 
−12.46) at 12 months and −44.6 events per 1000 per month (95% CI: 
−55.86 to −33.29) at 36 months.  Similarly, all-cause HSU events sho-
wed significant differences at 12, 24 and 36 months (figure 4 and online 
supplemental table 3E for inpatient bed days). Estimated annual events 
avoided are presented in table 3; for COPD-related hospital admis-
sions, the annual reduction ranged from 61 to 84 events per 1000 in 
year 1 and from 67 to 192 in year 3, and for COPD-related ED visits, 
there was a respective annual reduction ranging from 107 to 157 and 
196 to 465 events per 1000 in year 1 and year 3.

CV-related hospitalisation
There were a total of 116 CV-related hospital admissions, affec-
ting 94 (3.8%) individuals in the year prior to IDM. During the 
intervention period, there were 128 events in 104 (4.2%) indivi-
duals at 12 months and 73 events in 61 (3.5%) individuals at 36 
months. At 12, 24 and 36 months, all event rates were significantly 
reduced compared with the counterfactual control rates: −1.8 per 
1000 per month (95% CI: −3.20 to −0.43), −3.32 (95% CI: −5.15 
to −1.49) and −4.8 (95% CI: −7.23 to −2.42), respectively (online 
supplemental tables 3E and 4E).

Sensitivity analyses
Three sensitivity analyses supported the main findings. A standard 
sensitivity analysis with the counterfactual HSU control held con-

stant from T0 to 36 months demonstrated significant level and slope 
changes, and significant rate reductions at 12, 24 and 36 months 
when compared with the observed intervention trend for both 
primary outcomes.25 26 The counterfactual control modelled from 
−36 to −13 months of pre-intervention outcome data also demon-
strated a significant slope change from a positive inclining slope 
pre-intervention to a negative declining slope during intervention. 
The rate reduction in COPD-related hospital admissions was of 
borderline significance at 12 months, reaching significance at 24 
and 36 months. Lastly, when participants who died were removed 
from the models (N=328), the observed COPD-related hospital 
admission rate and ED visit rate remained significantly reduced 
in intervention period compared with the counterfactual control 
trend line at 12, 24 and 36 months (online supplemental tables 5E 
and 6E).

DISCUSSION
After 3 years of progressively increasing acute HSU, Best Care 
COPD, a primary care-based IDM programme, was associated 
with a significant and progressive reduction in COPD-related 
hospitalisation and ED visits over a 3-year interval. The observed 
impact was immediate and trajectory changing, a significant posi-
tive outcome for the COPD population and for the health system. 
Similarly, all-cause hospitalisation, ED visits and bed days exhibited 
significant and progressive reductions. To our knowledge, this is 
the first real-world interrupted time series analysis evaluating the 
beneficial long-term impact of IDM at the health system level.

The existence of an exacerbating phenotype, the ‘frequent exa-
cerbator’, is codified in the GOLD guidelines.1 30 31 Best Care COPD 
sought to identify high-risk, exacerbation-prone individuals with 
COPD, as such, 23% were in the highest GOLD risk category group 
E (GOLD 2023 reclassified GOLD C and D). We observed increas-
ing rates of COPD-related hospitalisation and ED visits over the 3 
years before patients entered the programme. The observed pre-
intervention increase in acute HSU aligns with the natural his-
tory of COPD where an increase in the frequency and severity of 



Doença pulmonar obstrutiva crónica

279 Licskai C, et al. Thorax 2024;79:725–734. doi:10.1136/thorax-2023-221211

exacerbation has been documented in large observational cohort 
studies.6–8 30 32 33

A majority of patients receive their COPD care in primary care.34 
Recently, the efficacy of COPD IDM has been confirmed in a high-
quality meta-analysis with 52 RCTs and 21 086 patients including 
IDM administered in primary care.13 Importantly, efficacy in RCTs 
cannot be assumed, a priori, to translate into effectiveness in real-
world clinical care.19 35 The effectiveness at 12 months after IDM 

implementation in our real-world primary care clinical practice 
study is consistent with RCT efficacy data.13 In 4207 participants, 
from 15 RCTs, the authors found a difference in respiratory-related 
admissions between intervention and control of 89 hospital admis-
sions per 1000 per year, with a median follow-up of 12 months. 
In our real-world primary care study, we observed a reduction of 
up to 84 hospital admissions per 1000 at 12 months (table 3). The 
relative reductions in hospitalisation and ED visits at 12 months in 
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our study ranged up to 51% and 36%, respectively, vs 36% and 31% 
in the meta-analysis.

In parallel to the increase in COPD-related HSU, we also 
observed an increase in all-cause, ED visits and hospitalisation over 
the 3 years prior to the Best Care intervention. Disease comorbi-
dity is common in patients who live with COPD and the general 
increase in acute HSU may be expected.10 In our COPD cohort, 
84% had at least one comorbid disease and 38% had more than two 
(table 1). Gershon and colleagues observed that people with COPD 
had rates of all-cause hospital and ED visits that were substantially 
higher than a matched population without COPD.36 We observed 
a marked reduction in all-cause hospitalisation and ED visits at 12, 
24 and 36 months. Again, our observations aligned with the meta-
analysis by Poot and colleagues. At 12 months, we demonstrated 
a relative reduction in all-cause hospitalisation of up to 22% vs a 
25% reduction reported by Poot and colleagues.13 Although COPD 
IDM is targeted at management of COPD, the health system impact 
extends to all-cause HSU.

CV disease is one of the most prevalent comorbidities for indi-
viduals with COPD and contributed to all-cause hospitalisation 
in this study.10 37 38 Post-intervention, significant reductions in 
CV-related admissions were observed at 12, 24 and 36 months. 
Although this exploratory analysis requires confirmation, it raises 
interesting questions. For example, if a COPD IDM programme 
impacts CV outcomes, what is the mechanism, pharmacological, 
non-pharmacological or both? In the context of two large RCTs 
where the addition of inhaled corticosteroids generated a 0.8% 
and 1% reduction in all-cause mortality, a majority of which were 
CV-related deaths, it is interesting to consider that medication opti-
misation in COPD may have contributed to the reduction in all-
cause and CV-related hospitalisation in our study.39 40

To our knowledge, there were no other chronic disease manage-
ment programmes introduced in Ontario that were consistently 
sustained in our study population. In addition, the 6-year chrono-
logical snapshot for each individual participant was centred around 
T0 which includes dates from 2011 to 2019 mitigating any impact 
that a programme running concurrently would have. The quasi-
experiment design used in this study is well suited to population 
health studies but inherent in the design is the lack of a physical 
control group. Rather, this methodology uses 36-month outcome 
measurements to establish a robust 3-year pre-intervention trend 
that when extended into the future, serves as a counterfactual con-
trol group.41 We observed a large increase in events in the year prior 
to commencing IDM, and while an increase in the frequency of 
COPD exacerbation is expected, we considered that referral bias 
may have contributed to this observation.6–8 30 32 33 To address this 
limitation, we conducted two sensitivity analyses with more con-
servative counterfactual controls and in each, confirmed our pri-
mary outcomes. Further to this limitation, we used both a clinical 
and objectively confirmed COPD diagnosis for study inclusion, 
introducing a potential for disease misclassification. Since the pri-
mary outcome data emanate from the provincial health system and 

not from the primary care provider, the reported outcomes are not 
affected. The potential impact of misclassification will be a dilution 
of the reported health service rates. The inclusion of participants 
with a clinical diagnosis of COPD may strengthen external validity 
of the study.

While we acknowledge that a single interrupted time series 
analysis does not prove causation, there are several factors that 
support an inference of causation. In the case of an RCT, random 
allocation to group excludes the effect of confounding. In the 
single interrupted time series design, the control group has the 
same features as the intervention group (they are the same); thus, 
similar to the RCT, individual-level confounding is minimised. 
The interrupted time series design can be impacted by rapidly 
changing time-varying confounders such as seasonality; however, 
centring our data around the initial visit mitigated this effect.41 
There is striking temporality in that the effect of IDM on COPD-
related HSU in this study is immediate and sustained. Finally, our 
findings are aligned with experimental evidence from RCTs.42 In 
this study, we specifically sought to identify participants in pri-
mary care at risk of future exacerbation; thus, our study popula-
tion was enriched by high-risk exacerbation-prone patients. We 
acknowledge therefore that the reported outcomes may not be 
generalisable across the full spectrum of disease severity in an 
unselected primary care population.

To our knowledge, this is the first health system study to associ-
ate a primary care-based COPD IDM programme with reduced 
hospitalisation and ED visits in a real-world setting. Further studies 
with other populations and in other jurisdictions are required to 
confirm the broader applicability of these findings. Future studies 
to identify the impact of COPD IDM in different patient subgroups 
considering disease severity, socioeconomic status, geography and 
comorbidity are needed. The health system impact of primary care-
based IDM on other chronic diseases also deserves investigation.

CONCLUSION
In this large community-based, COPD population study including
over 13 000 person-years of follow-up, we identified substantial and 
sustained long-term reductions in acute health services use after 
implementing primary care-based COPD IDM. Primary care IDM 
is an effective solution with the potential to improve international 
health systems where low guideline concordance and high rates of 
acute HSU are common. Our findings highlight how IDM, which 
implements a multiplicity of guideline-based care components, can 
deliver proactive upstream health system-level impacts.
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RESUMO
Fundamentos O aumento da poluição do ar atmosfé-
rico exterior agrava a função pulmonar nas crianças. No 
entanto, estas associações foram menos estudadas em 
indivíduos de nascimento prematuro.
Objetivos Avaliámos as associações entre os poluentes do 
ar atmosférico e as medidas espirométricas em crianças de 
nascimento prematuro.
Métodos O estudo Respiratory Health Outcomes in 
Neonates recrutou crianças de nascimento prematuro 
com idades entre os 7 e os 12 anos que nasceram com 
≤34 semanas de gestação. Associámos quatro poluentes 
do ar atmosférico (partículas com diâmetro aerodinâmico 
≤2,5 μm (PM2.5), PM10, dióxido de azoto (NO2) e dióxido de 
enxofre) no momento do nascimento e da avaliação espi-
rométrica e a exposição média entre estes dois intervalos 
de tempo com medidas espirométricas, utilizando análises 
de regressão linear. A idade gestacional foi dividida em 
23-28, 29-31 e 32-34 semanas. Os modelos de regressão 
estimaram os valores espirométricos em relação aos níveis 
de poluentes no nascimento e no momento da realização 
da espirometria.  
Medições e principais resultados Das 565 crianças 
de nascimento prematuro, 542 (96%) apresentaram dados 
satisfatórios. Após ajustar para fatores de vida precoces e 
atuais, foram observadas associações nocivas significativas 
entre PM10 no nascimento e percentagem de capacidade 
vital forçada prevista (%FVC) para os grupos de gestação 
de 23-28 e 29-31 semanas e entre a exposição atual a 
PM2.5 e NO2 e %FVC para o grupo de gestação de 23-28 
semanas. Não foram registadas associações com a espiro-
metria para a média da exposição à poluição entre o nasci-
mento e a espirometria. Os modelos preditivos mostraram 
diferenças de 5,9% e 7,4% na %FVC entre as exposições 
atuais mais elevadas e mais baixas à poluição para PM2.5 e 
NO2, respetivamente, no grupo das 23-28 semanas. 
Conclusões A exposição ao nascimento e a exposição 
atual a poluentes associados ao tráfego rodoviário afeta-
ram negativamente a %FVC em crianças em idade escolar 
de nascimento prematuro, que já possuem uma função 
pulmonar comprometida.

INTRODUCTION
It is well established that both antenatal and post-
natal exposures to increased levels of air pollution 
have significant associations with childhood mor-
bidity and mortality: our previous UK-based study 
demonstrated that sulfur dioxide (SO2), nitrogen 
dioxide (NO2) and particulate matter with aerody-
namic diameter ≤10 μm (PM10) were differentially 
associated with all-cause neonatal and postneonatal 
mortality.1 Increased postnatal PM10 exposure has 
also been linked to higher risk of death from res-
piratory causes in children and adolescents.2 Aside 
from mortality, increased air pollution has also 
been linked to poorer respiratory health and lung 
function in childhood, although the relationships 
are not always clear. Antenatal exposure to PM10, 

especially that generated by road traffic, has been 
linked to decreased forced expiratory volume in 1 
s (FEV1) and forced vital capacity (FVC) in 8-year- 
old offspring in the UK-based Avon Longitudinal 
Study of Parents and Children (ALSPAC) cohort.3 
Postnatal exposure to NO2, PM10 and PM2.5 (PM 
with an aerodynamic diameter ≤2.5 μm) has also 
been differentially linked to significantly reduced 
FEV1 and FVC in childhood in several studies,4–7 
with improvements in air quality over time associ-
ated with longitudinal increases in lung function.8 

However, other studies have not demonstrated 
significant links between current air pollution and 
childhood lung function.9 10 Increased air pollution 
has been shown to be associated with worse lung 
function in individuals with underlying respiratory 
diseases. In children with asthma, exposure to SO2 
has been associated with reduced FEV1 and FVC; 
and PM10 with reduced FEV1/FVC ratio and peak 
expiratory flow.11 In the large multicohort Evalu-
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uAmbient air pollution from industry and 
road traffic sources has been linked to 
poorer respiratory health and reduced 
lung function. However, the impact on 
preterm born individuals, a significant 
proportion of who already have compro-
mised lungs, has yet to be studied.

WHAT THIS STUDY ADDS
uWe have studied the effect of ambient air 

pollution at the time of birth and in chil-
dhood on spirometry measures in one of 
the largest contemporary preterm-born 
cohorts, finding links between elevated 
PM10, PM2.5 and nitrogen dioxide expo-
sure and reduced per cent predicted 
forced vital capacity but not on other spi-
rometry measures.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uDespite pollution levels being within 
recommended limits, this study highli-
ghts the need for further efforts to reduce 
ambient air pollution, as it has a signifi-
cant impact on the respiratory function 
of the most preterm born individuals in 
later life.
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ation Study of Congestive Heart Failure and Pulmonary Artery 
Catheterisation Effectiveness (ESCAPE) Study, long-term expo-
sure to higher levels of NO2 and PM10 was associated with signifi-
cant decreases in FEV1 and FVC in adults12 with a trend towards 
development of adult-onset asthma.13

Maternal exposure to high levels of outdoor air pollution ap-
pears to be a risk factor for preterm birth, especially at extremely 
preterm gestations.14 We and others have consistently shown that 
preterm birth, both with and without a diagnosis of bronchopul-
monary dysplasia in infancy (BPD, also called chronic lung di-
sease of prematurity), is associated with decreased lung function 
in childhood and beyond.15–17 Second trimester PM10 exposure has 
been shown to impact lung function at 44 week’s postconception-
al age in preterm-born infants, especially in those born at 32–36 
week’s gestation.18 For preterm-born infants with established BPD, 
living closer to major roadways following discharge home, and 
therefore, higher exposure to traffic-related air pollution, has been 
associated with increased respiratory morbidity.19 However, the 
impact of perinatal and childhood exposure to air pollution on 
the lung function of preterm-born school-aged children has been 
less well studied. We hypothesised that children born preterm, 
who were born at an immature stage of lung development with 
subsequent altered postnatal lung development,20 were at risk of 
decreased lung function when exposed to common ambient out-
door pollutants. We examined the relationships between SO2, NO2, 
PM2.5 and PM10 (a) at the time of birth, (b) current exposure at as-
sessment and (c) averaged pollution exposure between birth and 
spirometry assessment with spirometry measures in children aged 
7–12 years who were born at ≤34 week’s gestation.

METHODS
This study was conducted on the cohort of preterm-born children 
recruited to the Respiratory Health Outcomes in Neonates study 
(RHiNO; EudraCT: 2015-003712-20), which has been previous-
ly described.16 21 Briefly, children recruited as part of a previous 
questionnaire study22 were supplemented with additional preterm-
born children, sourced from the National Health Service Wales In-
formatics Service, and sent a respiratory and neurodevelopmental 
questionnaire, if they were born ≤34 week’s gestation and aged 
7–12 years old. Children were recruited from South Wales between 
2016 and 2019. Children with significant congenital malforma-
tions, cardiopulmonary or neuromuscular disease were excluded.

Responders were invited to take part in a home or hospital-
based assessment by two trained research nurses. Neonatal history 
and current health status were ascertained from questionnaire re-
sponses and corroborated with medical records. BPD was defined 
as supplemental oxygen-dependency for 28 days of age or greater 
for those born <32 week’s gestation and at 56 days of age for those 
≥32 week’s gestation.23 Intrauterine growth restriction (IUGR) was 
defined as a birth weight <10th centile adjusted for gestational age 
and sex (LMS Growth v2.77, Medical Research Council, UK24). To 
evaluate contribution of non-respiratory neonatal illness, a sever-
ity score of zero or one, respectively, was created if none or one or 
more of the following diagnoses were present in the neonatal peri-
od: necrotising enterocolitis, intraventricular haemorrhage, retin-
opathy of prematurity and/or patent ductus arteriosus. Spirometry 
(Microloop, Care-Fusion, UK) was performed to American Tho-
racic Society (ATS)/European Respiratory Society (ERS) guide-
lines25 and normalised using Global Lung Initiative references to 
give per cent predicted lung function measures.26 Spirometry was 
performed at the time of recruitment. Averaged annual estimated 
measurements of four common air pollutants, PM2.5 PM10, NO2 
and SO2, were obtained from the UK Government’s Department 
for Environment, Food and Rural Affairs (DEFRA) as previously 
reported,1 for the respective calendar year in which the child was 
born and for when spirometry was performed. The UK Govern-
ment collected this data as  art of the European Union’s Air Quality 
Directive from a network of monitoring stations throughout the 
UK, and verified by modelling to create pollutant levels for 1 km-
by-1 km areas for each calendar year.27 To assess socioeconomic 

status, we used the most contemporaneous geographical assessed 
Welsh Index of Multiple Deprivation (WIMD) scores for 2014.28 
The scores are calculated from composite measures of eight do-
mains of deprivation including wealth, school achievement and 
home ownership. WIMD scores are given for 1909 geographical 
areas of similar population size (termed lower layer super out-
put areas (LSOA), containing an average of approximately 1500 
residents or 650 households). The LSOAs were supplied with x-
coordinates and y-coordinates, on the same scale as the DEFRA 
1 km-by-1 km grid, for its centre of mass—based on population 
distribution within the LSOA. The pollutant level for each combi-
nation of LSOA and time point was allocated by determining the 
closest, that is, minimum Euclidean distance, of the DEFRA grid 
points to each LSOA’s centre of mass to give pollutant exposure 
and WIMD scores for each participant at year of birth and at the 
time of spirometry.

Demographic variables were compared between groups using 
analysis of variance or χ2 pairwise comparisons as appropriate, 
both with Benjamini-Hochberg post hoc correction. The differen-
tial associations of each pollutant at time of birth, age at spiro-
metry and averaged pollutant exposure scored between birth and 
current age with per cent predicted lung function measures (in-
cluding %FEV1, %FVC, FEV1/FVC ratio and %FEF25%–75% (forced 
expiratory flow at 25%–75% of FVC)) were tested through univari-
able and multivariable linear regression models. Participants were 
grouped into three gestational age bands: 23–28, 29–31 and 32–34 
week’s of gestation for analysis. The coefficients to be estimated 
were the estimands of main scientific interest, so gestation and 
pollution were included as an interaction term, whereby the beta 
values generated allowed direct comparison between the impact of 
pollution on lung function at the three gestation bands. Significant 
variables identified by univariable linear regression were visualised 
graphically in a directed acyclic graph. In the multivariable linear 
regression model, the continuous pollution-level variables and the 
categorical preterm group variable were included as interaction 
terms and in such a way as to cause the prematurity group vari-
able to be treated like a dummy variable, consequently producing 
different pollution level coefficients for each prematurity group 
without requiring a reference category. This model was designed 
to include univariable linear regression results with p<0.1 for any 
spirometry variable, or early life factor including sex, BPD, IUGR 
and maternal age at birth (banded into six 5-year groups) and as-
sessed the effect of gestational age in bands as an interaction term 
with pollutant level.

To explore the relationship between how different levels of am-
bient air pollution exposure at birth and at the current time of 
assessment would affect lung function values, an additional re-
gression model was created, based on the univariable and mul-
tivariable linear regression results, to give estimated spirometry 
values at minimum and maximum pollutant exposures within this 
cohort. Those variables with p<0.1 for the univariable relation-
ship with any of the lung function measures were combined into 
a multivariable linear model, including neonatal history of BPD, 
combined illness, IUGR and maternal age. Gestational band and 
raw pollutant level were included in a single interaction term to 
provide a simply interpretable beta coefficient for the effect of the 
pollutant at each gestation band.  These models were used to cal-
culate the predicted influence of the pollutant, at birth and at time 
of spirometry, over the full range of its measured values at these 
times on the lung function measures of %FEV1, %FVC, FEV1/FVC 
ratio and %FEF25%–75% for each of the three gestational age bands. 
This included predicted spirometry values at minimum, mean and 
maximum pollutant exposure. All analyses were performed in 
SPSS V.25 (IBM) and R V.1.1.419.

RESULTS
From 565 preterm-born children taking part in the RHiNO study, 
544 (96.3%) had valid spirometry data available as previously de-
scribed.16 Two additional children were excluded, one for incorrect 
birth weight and one for incomplete address data. Since pollution 
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data at time of birth was not available for six individuals due to 
changes in geographical boundaries, they were excluded from the 
‘pollution exposure at the time of birth’ analyses only. The demo-
graphics for the included 542 children are shown in table 1. As ex-
pected, there was a significant difference between gestation groups 
for birth weight and rates of BPD, combined neonatal illness and 
wheeze-ever, with the most preterm-born group being affected the 
most. All lung function measures were significantly reduced in the 

most preterm-born group compared with the least preterm-born. 
Measures of deprivation and pollutant levels were not significantly 
different between the groups at birth or at time of spirometry (on-
line supplemental tables 1 and 2, respectively). Table 2 shows the 
range of air pollutant levels within the study compared with con-
temporary recommended limits.

Results of univariable regression analyses are shown in table 
3. Significant negative associations were noted between spiro- 
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metry variables and demographic variables including gestational age band 
(%FEV1, %FVC, FEV1/FVC ratio and %FEF25%–75%), BPD (%FEV1, %FVC, 
FEV1/FVC ratio and %FEF25%–75%), combined neonatal illness (%FEV1, 
%FVC, FEV1/FVC ratio and %FEF25%–75%), younger maternal age at birth 
(%FEV1, %FVC, FEV1/FVC ratio and %FEF25%–75%) and history of IUGR 
(%FEV1, %FEF25%–75%). These are represented graphically in a directed acy-
clic graph in online supplemental figure 1. No associations were noted be-
tween lung function measures and antenatal/postnatal smoking or depriva-
tion. A significant association was observed between PM10 level at birth and 
%FVC (β=−0.52, p=0.036).

Figure 1 and online supplemental table 3 show the results of the multi-
variable regressions. Significant negative associations were noted between 
%FVC for those born at 23–28 (β=−0.66, p=0.016) and at 29–31 week’s ges-
tation (−0.58, p=0.027) and PM10 exposure at birth. The %FVC results for 
those born at 32–34 week’s gestation had β of −0.49 and p value of 0.058 for 
PM10 exposure at birth. Current exposure to PM2.5 and NO2 had a negative 
association for %FVC in the 23–28 week’s gestation group (−1.19, p=0.031; 
−0.29, p=0.05, respectively). The associations for the 29–31 week’s gesta-
tion group and PM2.5 and NO2 were β of −0.92 and p value of 0.070 and β of 
−0.19 and p value of p=0.083, respectively). No significant associations were 
noted between the pollutants and %FEV1 or %FEF25%–75%. The level of ambi-
ent air pollution decreased between the two time points measured. We did 
not observe any significant associations between the calculated mean pol-
lutant exposure between these two time points (birth and current exposure 
levels) for PM2.5, PM10, NO2 or SO2 and any spirometry measure (online 
supplemental table 4).

As described in the methods, additional regression models were created 
based on the univariable and multivariable linear regression results for esti-
mating spirometry values over the total range of pollutant exposures within 
this cohort. The results from these models for birth and current pollution 
exposure and %FVC are shown in table 4 and figures 2 and 3; and in on-
line supplemental file 1 for %FEV1, FEV1/FVC ratio and %FEF25%–75% (online 
supplemental tables 5–7 and figures 2–4, respectively).  Online supplemen-
tal table 8 gives the decile measurement for each pollutant. PM10 exposure 
at birth was associated with significant decrease in %FVC for those born 
23–28 week’s and 29–31 week’s gestation, with 6.95% (p=0.02) and 6.1% 
(p=0.03) reduction in %FVC, respectively, between lowest and highest PM10 
exposures. No other significant associations were noted for %FVC and pol-
lutant levels at time of birth. No significant differences were seen for %FEV1, 
FEV1/FVC and %FEF25%–75%. There was a difference for %FVC of 5.94% 
(p=0.03) for current PM2.5 and 7.44% (p=0.05) for current NO2 exposure 
for preterm-born children born at 23–28 week’s gestation when the low-
est and highest exposures were compared. The predictive models did not 
demonstrate any significant differences between %FVC and SO2 at time of 
spirometry for any gestational group. No significant differences were noted 
for current exposure levels and predicted differences in %FEV1, FEV1/FVC 
and %FEF25%–75% between the lowest and highest exposures.

DISCUSSION
In this study of preterm-born children, we have shown that current expo-
sure to increasing levels of two major ambient air pollutants, PM2.5 and NO2, 
was associated with significantly decreased %FVC in a graded manner with 
decreasing gestational age. We have also reported that increased PM10 ex-
posure at the time of birth was associated with reduced %FVC in the same 
gestationally graded manner as postnatal exposure. The averaged exposure 
between birth and spirometry assessment was not associated with any of the 
spirometry measures. However, we did not note any association between 
pollution levels at any time point with either %FEV1 or %FEF25%–75%. Fur-
thermore, birth, current and averaged SO2 exposures were not associated 
with any spirometry measures. We generated adjusted regression models 
which showed significant relationships between %FVC and PM10 for ex-
posures at birth; and between %FVC and PM2.5/NO2 for current pollution 
exposures. These effects occurred in a gestationally graded manner with the 
most prematurely born children affected the most.

Increased ambient outdoor air pollution has been strongly associated 
with increased respiratory morbidity and mortality in adult populations.29 
Our previous study suggested that both antenatal and postnatal exposure 
of the four pollutants studied here can affect both neonatal and postneo-
natal mortality possibly via antenatal maternal exposure and postnatal ex-
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the lung parenchyma. This association is in keeping with findings 
from the ALSPAC cohort3 which noted an association between an-
tenatal PM10 maternal exposure and reduced FVC in 8-year-old 
offspring who were, however, born at term. Unlike the ALSPAC 
study, we did not observe an association between pollutants and 
%FEV1. The reasons for this are unclear. It is known that larger 
airways are compromised after preterm birth.17 Whether these air-
ways are already so compromised in early infancy, especially in the 
lowest gestation group, such that additional epithelial injury from 
pollutant exposure has little further effect is very speculative and 
needs further study.

Several previous studies, largely of term-born children, have also 
reported that outdoor air pollution exposure has a negative impact 

posure.1 Preterm-born infants have previously been shown to be 
more susceptible to the detrimental effects of antenatal exposure 
than term-born infants, with increasing antenatal exposure to 
PM10 associated with worse lung function and higher fractional 
exhaled nitric oxide at 44 week’s postmenstrual age.18 In addition, 
antenatal exposure to increased PM10 has been demonstrated to 
have a detrimental impact on placental growth and function,30 
and on birth weight.31 32 Our current data have demonstrated that 
perinatal exposure to PM10 could have lasting effects resulting in 
decreased %FVC in children who were born at <32 week’s gesta-
tion. These infants are likely to be at higher risk of airway epithe-
lial injury which could potentially explain the detrimental effects 
we observed for pollutants on %FVC via the resultant injury on 
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on lung function in paediatric and adult populations, but wheth-
er such exposure affects preterm-born children is less known. A 
Swedish study reported that high exposure to traffic-related air 
pollution (nitrogen oxides (NOx) and PM10) in the first year of 
life was associated with decreased FEV1 and FVC33 and, although 
NOx and PM10 in the same cohort were associated with reduced 
FEV1 at 8 years of age, no association was noted between pollu-
tant exposure and FVC.34 A Norwegian study examined NO2, PM2.5 
and PM10 exposure in the first 2 years of life and in children up to 
9–10 years noting a strong association between increasing air pol-
lution exposure and reduced forced expiratory flows (peak expira-
tory flow, FEF25% and FEF50%) but no associations were noted for 
FVC. Longer-term exposure to high air pollution had a stronger 
association with reduced expiratory flows.35 Another California-
based study examined the effects of air pollution on changes of 
lung function over an 8-year period in children aged 10–18. They 
noted that exposure to higher levels of NO2 and acid vapour (a 

mixture of inorganic and organic acids, primarily produced by 
motor engines) resulted in slower growth of FVC over the study 
period, on average being 95 mL and 105 mL, respectively, lower 
than those exposed to low air pollution. Significant reduction in 
the growth of FEV1 was also associated with higher exposure to 
NO2, acid vapour and PM2.5, with a near-significant association 
with PM10.

36 A recent Chinese study demonstrated that long-term 
exposure to PM2.5 had a negative impact on lung function in chil-
dren aged 7–12 years, with a one unit increase in the average daily 
dose exposure to PM2.5 resulting in 14.8 mL decrease in FVC and 
a 10 mL reduction in FEV1.

37 Why there are differences between 
cohorts for spirometry measures for the common pollutants is un-
clear especially as the pollutants’ exposures were similar between 
the cohorts. We did not see a significant relationship between FEV1 
and pollution exposure in our cohort and the reason for this is 
unclear from our data. We can hypothesise that the degree of FEV1 
impairment occurring solely as a consequence of preterm birth, 
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which we have previously demonstrated,17 is so significant that 
the impact of ambient air pollution on FEV1 in this population is 
masked. Additional studies, especially using personal exposure de-
vices, are required to determine if FVC is commonly affected in all 
preterm-born cohorts.

Road traffic is the primary source of PM2.5, PM10 and NO2 air 
pollution especially in urban areas, primarily from petrol-engine 
and diesel-engine exhaust fumes, and from vehicle tyre and brake 
wear. SO2 is more associated with industrial activity and power sta-
tion emissions.38 We noted an improvement in air pollution levels 
between birth and time of spirometry, with the majority of pol-
lution levels being below European Union legal limits and WHO 
guidelines.38 However, even within these recommended limits, we 
have noted air pollution continues to have a detrimental associa-

tion with FVC. This highlights the  paucity of evidence on what 
constitutes a ‘safe’ level of air pollution exposure. As many of the 
associations were seen between FVC and PM2.5, PM10 and NO2, 
this highlights the importance of concerted efforts to reduce road 
traffic and fossil-fuel burning vehicle engines in urban areas to 
prevent further detrimental effects on preterm-born children’s res-
piratory function. We did not see a significant association between 
deprivation and lung function in univariable modelling for our co-
hort, however, deprivation has been linked to higher air pollution 
exposure,39 respiratory morbidity and decline in lung function40 41 
in other studies.

Infants delivered at extremely preterm gestations (23–28 week’s 
gestation) are born at an immature stage of lung development, at late 
canalicular and early saccular phases.42 Subsequent ex utero aber-
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rant lung development, partially due to postnatal interventions such 
as respiratory support and increased supplemental oxygen therapy, 
then results in structurally and functionally altered lungs for these 
infants in later life resulting in significant respiratory morbidity.17 

20 Our data showed that children born at extremes of gestational 
immaturity were most susceptible to the negative effects of several 
ambient outdoor air pollutants and may further impact lung growth 
as the primary effect we have observed was on FVC. Although the 
changes in lung function between lowest and highest pollution levels 
may seem small in childhood, these trajectories are likely to enhance 
with time given that lung function tracks over time43 with conse-
quent early development of chronic obstructive pulmonary disease 
as recently postulated.44 Therefore, the negative effects on lung func-
tion of higher levels of ambient outdoor air pollution on this already 
vulnerable population cannot be ignored.  Higher FVC, a proxy 
measure of lung size, has previously been shown to be positively 
associated with increased life expectancy in adults,45 and therefore, 
this already vulnerable population may have increased early respira-
tory mortality if exposed to high levels of air pollution.

Strengths of this study include a large preterm-born cohort 
who represent a wide range of gestational ages at birth, with good 
representation of extremely preterm-born subjects, which permi-
tted us to delineate the different associations of air pollution and 
lung function for individuals born at a range of different stages 
of lung development. We had comprehensive antenatal, neonatal 
and postnatal medical histories, which allowed us to model our 
results including important neonatal comorbidities such as BPD 
and IUGR. We used robustly modelled, publicly available pollu-
tion data, which allowed us to accurately ascertain individual par-
ticipants exposures both at birth and at time of current assessment.  
Limitations include that we studied ambient outdoor air pollution 
but not indoor air pollution exposures, which may further ad-
versely impact on lung function. Our measures of pollution ex-
posures were based on small geographical area exposures and not 
on personal exposure thus may impact on our findings especially 
if localised exposures were either enhanced or reduced. Similarly, 
measures of deprivation, such as WIMD, are proxy measures of 
socioeconomic status based on geographical location. Even in 
small areas exposure may differ between close neighbourhoods, 
for instance, due to proximity to major roads or highways. Smo-
king status was self-reported by parents and may have been under-
reported, explaining the lack of association seen in our study with 
spirometry values. Our prediction model has provided useful hy-
pothesis generating results but requires validation in another simi-
larly sized cohort which is difficult to source.

In conclusion, our study has demonstrated that exposure to 
traffic-related air pollutants, both perinatally and postnatally, have 
detrimental association with %FVC especially for those children 
born extremely preterm (<28 week’s gestation). In our adjusted 
regression models based on current pollution exposure, we have 
shown that there may be up to 5.9% and 7.4% differences in %FVC 
between highest and lowest current pollution exposures for PM2.5 
and NO2, respectively. These data highlight the importance of air 
quality strategies to reduce any further detrimental impact on lung 
growth and function in this group of individuals with likely aber-
rant lung development, and who are already at heightened risk of 
long-term respiratory morbidity.17
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RESUMO
Objetivo Avaliar a saúde e as atividades da vida diá-
ria (AVD) em adultos positivos para SARS-CoV-2 com e 
sem condição pós-COVID-19 (CPC) e compará-los com 
indivíduos com teste negativo. Adicionalmente, foram 
comparadas diferentes definições de casos de CPC com 
indivíduos negativos para SARS-CoV-2.
Métodos  Foram convidados por e-mail todos os adultos 
com teste PCR positivo para SARS-CoV- 2 no Serviço de 
Saúde Pública de Limburgo do Sul (Países Baixos) entre 
junho de 2020 e novembro de 2021 (n=41 780) e indiví-
duos com teste PCR negativo correspondentes (2:1, com 
base na idade, sexo, teste trimestral-anual, município; 
n=19 875). Foram avaliadas a saúde (índice de cinco 
níveis, cinco dimensões do EuroQol (EQ5D) e escala visual 
analógica do EuroQol (EQVAS)) e a incapacidade nas AVD. 
A classificação da CPC foi efetuada utilizando a definição 
de caso da OMS e cinco outras definições comuns. 
Resultados No total, foram incluídos 8409 indivíduos 
(6381 SARS-CoV-2 positivos; 53±15 anos; 57% do sexo 
feminino; 9 (7-11) meses desde o teste). 39,4% dos posi-
tivos apresentaram CPC de acordo com a definição de 
caso da OMS (EQVAS: 71±20; índice EQ5D: 0,800±0,191; 
incapacidade nas AVD: 30 (10-70)%) e percecionaram 
uma pior saúde e mais incapacidade nas AVD do que os 
negativos, ou seja, uma diferença de -8,50 pontos (IC 
95% -9,71 a -7,29; p<0,001) para o EQVAS, que dimi-
nuiu 1,49 pontos (IC 95% 0,86 a 2. 12; p<0,001) nos 
indivíduos com CPC por cada comorbilidade presente, e 
diferenças de -0,065 pontos (IC 95% -0,074 a -0,056; 
p<0,001) para o índice EQ5D e de +16,72% (IC 95% 
15,01 a 18,43; p<0,001) para a incapacidade nas AVD. 
A saúde e a incapacidade nas AVD foram semelhantes 
nos negativos e positivos sem CPC. A substituição da 
definição de caso da OMS por outras definições de CPC 
produziu resultados comparáveis.
Conclusões Os indivíduos com CPC apresentam uma 
saúde substancialmente pior e mais incapacidade nas 
AVD do que os controlos negativos, independentemente 
da definição de caso. As autoridades deverão informar 
o público sobre o fardo associado à CPC e permitir um 
apoio adequado.

INTRODUCTION 
A substantial proportion of SARS-CoV-2- infected 
people report lasting symptoms,1 2 initially referred 
to as ‘long COVID’.3 This was later updated by the 
WHO to ‘post-COVID-19 condition’ (PCC) which 
is defined as ‘a history of probable or confirmed 
SARS-CoV-2 infection usually 3 months from on-
set of COVID-19 with symptoms that last for at 
least 2 months and cannot be explained by an al-
ternative diagnosis’.4

Several studies have reported on the impact 
of PCC.5 6 Patients with PCC were found to have 
comparable health to that of people with chronic 
obstructive pulmonary disease and rheumatic ar-
thritis.7 Furthermore, a negative impact of PCC 
on quality of life8 9 and activities of daily living 
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uA substantial proportion of SARS-CoV-
2-infected people develop the post-
COVID-19 condition (PCC).

u PCC impacts health and activities of daily 
living (ADL).

u Published studies were prone to selection 
bias, lacked controls and used different 
criteria to define the same condition, 
hampering comparison between studies 
and undermining the validity of the evi-
dence.

WHAT THIS STUDY ADDS
uPCC has a substantial impact on the health 

and performance of ADL compared with 
negative controls, irrespective of the case 
definition used.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uIrrespective of the case definition, there 
is an associated burden of PCC, which 
requires an adequate response by autho-
rities in terms of informing the public and 
enabling support.

(ADL) was found.10 11 However, the study popu-
lations in these studies were often recruited via 
online support groups and therefore prone to se-
lection bias. Additionally, studies often lack con-
trols.12 Consequently, the true burden of PCC on 
health and ADL remains poorly reported in the 
general population at the time of writing. Moreo-
ver, the lack of clear diagnostic criteria for PCC4 

and the use of different terminologies and criteria 
to define the same condition hamper comparison 
between studies and undermine the validity of 
the evidence.13 In addition, little is known about 
other factors (such as sex, age and comorbidities) 
that could potentially affect the impact of PCC on 
ADL and health.14

Therefore, the aims of the current study were 
(1) to assess experienced health and ADL in 
SARS-CoV-2-positive adults with and with-
out PCC and compare this with SARS-CoV-2-
negative individuals and (2) to compare these 
outcomes between SARS-CoV-2-negative indi-
viduals and various commonly used case defi-
nitions for PCC while accounting for potential 
confounding factors.



Infeção respiratória

292 Van Herck M, et al. Thorax 2024;79:457–464. doi:10.1136/thorax-2023-220504

METHODS
Data from the first wave of a longitudinal open cohort study on the 
prevalence, risk factors, and impact evaluation of post-COVID-19
condition (PRIME post-COVID) was used. The protocol of the 
study was published elsewhere.15

Study design
In short, adults tested for SARS-CoV-2 at the Public Health Ser-
vice (PHS) South Limburg in the Netherlands, with a valid PCR 
test result (positive or negative) between 1 June 2020 and 1 No-
vember 2021 and a valid email address were retrieved from test 
records in the registry. In November 2021, all PCR-positive indi-
viduals (n=41 780) and a group of PCR-negative individuals (who 
only had negative test result(s); n=19 875) matched (2:1 ratio) by 
age, sex, year-quarter of test and municipality of residence were 
invited for participation by email. Of note, when people tested 
negative multiple times, the last negative PCR test date was used. 
The online survey lasted 30–45 min and was available from 17 No-
vember 2021 to 9 January 2022. Digitally informed consent for the 
use and storage of data for research was asked prior to the start of 
the survey. The invitee could participate in the questionnaire after 
consent was provided on participation in the study and on the use 
of the data for research.15

Population in the current analysis
Individuals were excluded from the current study when they 
were tested less than 3 months prior to participation in the sur-
vey, sex was not reported, PCR-negative individuals in the regis-
try self-reported seropositivity for SARS-CoV-2 before vaccina-
tion (because of missing relevant infection-related information) 
or if the health section of the survey was not completed. Fur-
thermore, PCR-negative individuals (ie, SARS-CoV-2-negative 
individuals in the registry) were attributed to the SARS-CoV-2-
positive group if they self-reported a positive test not in the re-
gistry (eg, tested in a hospital, outside a geographical service area 
and rapid antigen testing). This was the case for 87 individuals. 
Besides that, 166 individuals gave no consent to match registry 
data with their questionnaire data. For these individuals, we used 
self-reported data only.

Main outcome variables
Experienced health EQ5D index
Experienced health was assessed using the five-level EuroQol five-
dimensions version (EQ5D), which includes five health dimen-
sions (mobility, self-care, usual activities, pain or discomfort and 
anxiety or depression), each on a five-level scale ((1) no problems, 
(2) slight problems, (3) moderate problems, (4) severe problems 
and (5) extreme problems or unable to).16 An EQ5D index score 
was calculated by attaching weights to each level in each dimen-
sion. The attached weights were obtained by Versteegh and col-
leagues for the Dutch population via a standardised valuation 
study protocol by the EuroQol Group.17 Index scores could range 
between −0.446 (worst health) and 1.000 points (best health), 
whereas 0 is the value of a health state equivalent to dead.17

Experienced health EQVAS
Additionally, the EQ5D includes a vertical visual analogue scale 
(EQVAS) ranging from 0 (worst health you can imagine) to 100 
points (best health you can imagine) to obtain the respondent’s 
current perceived health.16

Impairment in ADL
Illness-related impairment in regular activities other than work 
(in the past 7 days) was assessed using a selected item of the 
Work Productivity and Activity Impairment questionnaire. In-
dividuals were asked to indicate the degree to which their health 
affected productivity in regular unpaid activities using a 0 (no 
effect) to 10 (completely prevented me from doing my daily ac-
tivities) scale. The degree of ADL impairment is expressed as a 
percentage, and a higher percentage indicates a higher overall 
impairment.18

Case definitions for PCC
SARS-CoV-2-positive individuals were grouped in the ‘PCC’ 
group (yes or no) based on the WHO case definition (here used 
as the main PCC definition) and five alternatives, commonly used 
definitions, including an adapted WHO case definition to take 
into account advances in scientific knowledge regarding the WHO 
case definition. All SARS-CoV-2-positive individuals included in 
the analyses were at least 3 months after their initial SARS-CoV-2 
infection. All case definitions are listed below, a more detailed de-
scription of the definitions and questions used can be found in on-
line supplemental eMethods 1.

1. WHO case definition for PCC: fulfilling the current WHO 
case definition referring to a condition that occurs in in-
dividuals with a history of probable or confirmed SARS-
CoV-2 infection, usually 3 months from the onset of 
COVID-19, with symptoms that last for at least 2 months 
and cannot be explained by an alternative diagnosis.4 
In concrete terms, this means experiencing ≥1 symptom; 
symptom(s) is/are present for ≥1 month; the time since the 
test is longer than or equal to the presence of symptom(s), 
and no new diagnoses have been confirmed since the test.

2. Adapted WHO case definition for PCC: fulfilling all criteria 
of the current WHO case definition,4 except for the criterion 
of an alternative diagnosis that could explain the symptoms, 
as recent studies showed associations between COVID-19 
and new-onset illnesses.19–21

3. Symptom present: having ≥1 symptom present.22

4. Differentiating symptom present: having ≥1 symptom 
present that is observed to be significantly different between 
SARS-CoV-2 positives and negatives.1 23

5. Differentiating symptom present with at least a moderate 
severity: having ≥1 symptom present that is observed to be 
significantly different between SARS-CoV-2 positives and 
negatives with a severity score of ≥5/10.1 23

6. Not recovered: Indicating not feeling (fully) recovered.24

Of note, the following 44 prelisted symptoms (in alphabetical 
order) were considered: amnesia, brain fog, burning sensation in 
the trachea, chest tightness, cold, concentration difficulties, confu-
sion, cough, coughing up mucus, diarrhoea, dizziness, dreariness 
or depression, earache, elevated body temperature, eye difficulties, 
fatigue, fear, fever, hair loss, headache, heat flushes, increased rest-
ing heart rate, irritability, joint pain, loss of appetite, loss or change 
of smell, loss or change of taste, muscle pain or weakness, nausea, 
nerve pain, pain between shoulder blades, pain or burning sen-
sation in the lungs, palpitations, runny nose, shortness of breath, 
skin rashes or red spots on toes or feet, sleeping problems, snee-
zing, sore throat, stomach ache, sudden weight loss, tinnitus, voice 
difficulties and vomiting.23

Statistical analysis
Descriptive statistics were presented for the three groups (ie, posi-
tives with PCC, positives without PCC and SARS-CoV-2 nega-
tives). Categorical data were reported as numbers (frequencies) 
and ordinal data as medians (IQR). Continuous data were checked 
for normality using histograms and Q-Q plots and reported as 
mean (SD) or median (IQR) as appropriate. Univariable and mul-
tivariable regression models were performed for the main conti-
nuous outcomes (ie, EQVAS, EQ5D index and ADL impairment) 
with ordinary least squares linear regression to assess the main 
determinant (ie, PCC, no PPC and SARS-CoV-2 negatives). The 
multivariable analyses were adjusted for a minimally sufficient set 
of confounders identified in the literature: age, sex, pre-existing 
comorbidities when tested, time since the test and health the year 
prior to the test.2 22 23 The three groups were modelled as two dum-
my variables in this analysis, with the SARS-CoV-2 negatives as 
the reference group. The WHO case definition was used to classify
SARS-CoV-2- positive individuals into the (no) PCC group. If 
multicollinearity was present (variance inflation factor >5), vari-
ables were identified and removed from the model. Interaction 
terms for sex, age, health the year prior to the test, pre-existing 
comorbidities when tested and time since the test on the one hand 
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and the two dummy variables (ie, group variables) on the other 
hand were explored, as a potential effect of the group variables on 
health and ADL might depend on these confounders included in 
the model.2 23 25 When found to be statistically significant, the inter-
action term was included in the final models.

Furthermore, analysis of covariance adjusting for time since the 
test and health the year prior to the test were performed for sub-
groups by sex (male or female), age (18–40, 41–60 and 60+ years) 
and presence of pre-existing comorbidities at the test (yes or no). 
This was done for positives with and without PCC according to the 
WHO case definition and the SARS-CoV-2-negative group and for 
the various commonly used definitions for PCC.

A priori, the level of significance was set at 0.01 (two-tailed) 
to account for multiple testing in this study and the high sample 
size in the multivariable regression analyses. Model assumptions 
were checked when performing the analyses. Tables and figures 
include 95% CIs. Statistical analyses were performed using SPSS 
V.27.0 (IBM, Armonk, NY, USA). Visualisations were made using 
GraphPad Prism V.9.3.1 (GraphPad Software, La Jolla, CA, USA).

RESULTS
Adults (n=61 655) were invited by email to participate. Of the 18 
859 respondents, 12 453 were eligible as they provided minimal 
data and showed sufficient certainty to be the intended invitee.23 
Individuals were excluded if they were tested less than 3 months 
prior to participation (n=2656), did not complete the health sec-

tion of the survey (n=1331), were PCR negative but reported to 
have SARS-CoV-2 antibodies before vaccination (n=56) or did 
not report sex (n=1). Consequently, 8409 individuals (6381 SARS-
CoV-2 positive and 2028 negative) were included (figure 1). Age 
and sex data of all invitees and invitees (not) included in the analy-
sis are reported in online supplemental eTable 1.

Description of the study population
In total, 39.4% of positive individuals (n=2513) had PCC, accor-
ding to the WHO case definition. Demographical and clinical data 
of the SARS-CoV-2 positives with PCC, positives without PCC 
and negatives are shown in table 1. In short, the positives with 
and without PCC had a similar sex distribution (62% and 57% 
females, respectively), mean age (51±15 years) and median time 
since infection of 10 (7–11) months. Positives without PCC had, 
on average, better perceived health the year prior to the test and 
fewer comorbidities present when tested than positives with PCC 
and negatives. Furthermore, the negative group was, on average, 7 
years older and had a lower proportion of females (49%) than both 
positive groups.

Differences in health and ADL
SARS-CoV-2 positives with PCC reported a higher median ADL 
impairment due to health (30% vs 0% and 0%) and a worse average 
perceived health at this moment (EQVAS: 70.8 vs 81.5 and 79.2; 
EQ5D index: 0.800 vs 0.896 and 0.878) compared with positives 
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without PCC and negatives, respectively. The greatest impairments 
in positives with PCC were observed for the domain’s usual ac-
tivities and pain/discomfort (table 1). A more detailed overview of 
the extent of impairment across the several health domains can be 
found in online supplemental eFigure 1.

The results of the univariable and multivariable regression mo-
dels can be found in table 2. The adjusted EQ5D index was sig-
nificantly lower in positives with PCC compared with negatives 
(−0.065 points, 95% CI −0.074 to −0.056; p<0.001). No significant 
difference between positives without PCC and negatives was ob-
served (−0.003 points, 95% CI −0.011 to 0.005; p=0.492).

Also, the perceived health status measured using the EQVAS 
was 8.50 points (95% CI −9.71 to −7.29; p<0.001) lower in posi-
tives with PCC than in negatives. While the EQVAS was not 
statistically significantly higher in positives without PCC than 
in negatives (0.26 points, 95% CI −0.68 to 1.19; p=0.593). Our 
model indicated that the presence of PCC and comorbidities 
together has a smaller effect on EQVAS than the sum of each. 
Specifically, the associated burden of PCC on EQVAS decreases 
by 1.49 points (95% CI 0.86 to 2.12; p<0.001) for each comor-
bidity present. The specific models for EQVAS for people with-
out comorbidities, with one comorbidity and with ≥2 comor-
bidities are reported in online supplemental eTable 2. The beta 
coefficients for PCC and no PCC (vs reference: negatives) in 
the abovementioned models are −9.00 points (95% CI −10.47 
to −7.53; p<0.001) and −0.46 points (95% CI −1.72 to 0.80; 
p=0.476); −6.64 points (95% CI −8.54 to −4.74; p<0.001) and 
0.99 points (95% CI −0.80 to 2.77; p=0.278) and −3.73 points 

(95% CI −5.91 to −1.55; p<0.001) and 1.47 points (95% CI 
−0.80 to 3.73; p=0.204), respectively.

Furthermore, ADL impairment due to health problems was 
16.72% (95% CI 15.01 to 18.43; p<0.001) higher in positives with 
PCC compared with negatives. The ADL impairment observed in 
positives without PCC was not significantly higher than that ob-
served in negatives (1.97%, 95% CI 0.40 to 3.54; p=0.014).

A sensitivity analysis of 8156 individuals was performed for the 
abovementioned multivariable models (253 individuals with a self-
reported test result were excluded from the analyses). The results 
can be found in online supplemental eTable 3. In short, a similar 
direction and extent of findings were observed as the analyses in 
8409 individuals.

Differences in health and ADL stratified for sex, age and the
presence of comorbidities
Results of analyses for EQVAS, EQ5D index and ADL impairment
due to health after stratification on sex, age and the presence of pre-
existing comorbidities and adjusted for health prior to the test and 
time since the test can be found in figure 2. Briefly, significantly worse 
health and larger ADL impairment were observed in the PCC group 
(by the WHO case definition) compared with the positive group with-
out PCC and the negative group; this was observed in nearly all strata.

Health and ADL in different PCC definitions
Overall, similar (direction of) findings were observed when com-
paring different case definitions with the SARS-CoV-2-negative 
control group.
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In general, the participants meeting the criteria for the WHO 
case definition and the definition based on the presence of ≥1 
symptom presented the best health and least ADL impairment of 
all definitions (ie, smallest differences with the SARS-CoV-2-ne-
gative group). Contrary, those meeting the criteria for the defini-
tion based on the presence of ≥1 differentiating symptom between 
SARS-CoV-2-positive and SARS-CoV-2-negative individuals with 
at least a moderate severity and the definition based on the feel-
ing of not being recovered presented the worst health and highest 
ADL impairment of all definitions.

Results for EQVAS were comparable for all PCC definitions af-
ter stratification for age, sex and comorbidities, except for certain 
case definitions in the stratum of males aged 41–60 years without 
comorbidities (figure 3). Furthermore, slight differences between 
certain case definitions were found for the outcomes of the EQ5D 
index and ADL impairment. These differences (ie, absence of over-
lap of 95% CIs) were mainly located in the strata with men and 
women without comorbidities and between the above-mentioned 
PCC definitions.

DISCUSSION
In this population-based cohort study, the impact of PCC on 
health and impairment in ADL was studied in adults who tested 
positive for SARS-CoV-2 and controls. The associated burden of 
PCC on health and impairment in ADL is meaningful, irrespec-
tive of the case definition used, age, sex, presence of pre-existing 
comorbidities, time since the test or health status prior to the test.

Findings from the current study confirm previous reports that 
PCC affects health and ADL.6 8 9 Nevertheless, findings are difficult 
to compare, as most studies used other measures or reported the 
findings of all SARS-CoV-2-positive individuals without presenting 
results for PCC separately.6 25 26 Studies that specifically reported on 
PCC found values that were considerably worse in terms of health 
and ADL.6 10 11 27 28 Vaes et al, for example, used the same outcome 
measures and found a mean EQVAS of 56 points and ADL impair-
ment of 60% around 6 months after infection.11 A conceivable ex-
planation for this is that previous studies mainly reported on indi-
viduals recruited via online support groups or clinics, describing a 
subgroup of the population with a possible bias resulting in an over-
estimation of the burden.10 11 28 29 Still, an associated burden of PCC 
is found when values are compared with Dutch population norms 
(EQVAS: 70.8 vs 81.4 and EQ5D index: 0.800 vs 0.869, respectively), 
while positives without PCC and negatives show similar values to 
the Dutch population norms.17 30 After controlling for possible con-
founders, the PCC group had on average 8.50 and 0.065 points lower 
EQVAS and EQ5D index scores, respectively, and 16.7% higher ADL 
impairment than the negative group. In the literature, a difference 
of 7 points for EQVAS (patients with cancer), 0.063 points for the 
EQ5D index (EQ5D value set for England) and 20% for ADL im-
pairment (patients with psoriasis) is established as meaningful.31–33

To date, the WHO case definition for PCC is considered the 
golden standard in the absence of a laboratory test to diagnose 
PCC.4 Though the different definitions for PCC found comparable 
results for health and ADL impairment, indicating that although 
there is heterogeneity in the case definitions, the same conclusion 
on the impact of PCC on health and ADL can be drawn. Slight dif-
ferences observed between definitions can be due to misclassifica-
tion, as evidence emerges that a SARS-CoV-2 infection and PCC 
are associated with new-onset illnesses in the case of the WHO 
case definition, for example,34 or in the case of a definition using 
the presence of ≥1 symptom, as (generic) symptoms (eg, fatigue 
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and pain) are also present in chronic diseases and the general pop-
ulation.1 35 36

The associated burden on perceived health (ie, EQVAS) decreas-
es with the presence of comorbidities, presumably because the 
room to deteriorate in terms of health is smaller when there are 
more comorbidities. In addition, no interactions between the pres-
ence of comorbidities and PCC were observed for the EQ5D index 
(and ADL impairment). This has to do with the nature of both 
health measures, as EQVAS assesses the perceived health of an 
individual, while the EQ5D index is a score based on limitations 
in five domains. Until today, it remains unknown whether PCC is 
a unique condition, an illness similar to myalgic encephalomyeli-
tis/chronic fatigue syndrome (ME/CFS) and other postinfectious 
illnesses or even a combination of conditions. To determine this, 
a comparison with ME/CFS and other postinfectious illnesses is 
needed. 

The major strengths of this study are the large sample size and 
population-based study design, as the recruitment of individuals 
was done using the Dutch COVID-19 PCR test registry. By invi-
ting all PCR-positive individuals and matched negative controls, 
we were able to compare results with a reference group and con-
sider (non-) pandemic-related factors. Furthermore, various defi-
nitions for PCC were used and compared in the current study, as 
well as standardised and validated questionnaires.

This study has a number of limitations. Only individuals with a 
valid email address were invited for this online study. This may have 
resulted in a potential selection bias among digitally illiterate indi-
viduals, as they were not invited or did not complete the study. Like-
wise, this may have been the case for people with disabilities or severe 
diseases. In total, 14% of invitees are included in the current study, 
although this response rate would be higher if individuals were not 
excluded for several reasons.15 Similar rates were reported in other 
population-based studies regarding PCC with the same recruitment 
strategy (eg, Whitaker et al, 26%–29%, Hastie et al, 16%)2,25 and what 
is expected in email surveys in general.37 Furthermore, an underrep-

resentation of invitees aged 18–40 years and an over-representation 
of invitees aged 50–80 years are observed in the current sample and 
were more pronounced in the negative invitees. In the current study, 
less than 2% of the population was hospitalised for COVID-19. It 
is possible that people went directly to the hospital instead of be-
ing tested at the PHS and are therefore underrepresented in our 
sample. Moreover, misclassification bias regarding the (confirmed) 
SARS-CoV-2 diagnosis is inevitable, as in the early phase of the 
pandemic, the availability and access to testing were limited.38 As a 
consequence, individuals who had SARS-CoV-2 in the early phase 
of the pandemic (before 1 June 2020) or were asymptomatic could 
be included in the negative reference group. Nevertheless, the poten-
tial misclassification of SARS-CoV-2 positives in the negative group 
would not change the direction of the findings. Another potential 
limitation is that data gathering was done by self-report, leaving po-
tentially relevant information missing (eg, comorbidities). To fulfil 
the WHO case definition, alternative diagnoses that could explain 
symptoms need to be excluded. Our study did not include clinician-
reported information or information on alternative diagnoses based 
on medical records. The self-reported data regarding (pre-existing) 
comorbidities in our study may have a potential recall and misclas-
sification bias. Furthermore, certain questions were prone to recall 
bias (eg, health the year prior to the test). The study includes test 
results until the last quarter of 2021 (ie, before the omicron wave). 
Therefore, results cannot be generalised to vaccinated individuals 
who developed PCC by a breakthrough infection, as the majority 
were unvaccinated when they were infected with SARS-CoV-2 or 
with PCC by the omicron variant. Hence, recent research suggests 
there is no difference in PCC sequela between SARS-CoV-2 vari-
ants. 39 40 Of note, this study was limited to adults; however, PCC is 
also present in children and adolescents.34

CONCLUSION
Individuals with PCC have substantial and clinically meaningful 
worse health and more impairment in ADL than negative controls, 
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irrespective of sex, age, pre-existing comorbidities, time since the 
test and health status prior to the test and regardless of the case 
definition used to define PCC. 
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RESUMO
Contexto As redes sociais podem influenciar o com-
portamento das crianças e dos jovens no que respeita à 
saúde, incluindo o consumo de cigarros de combustão e 
de cigarros eletrónicos.
Métodos Analisámos dados de participantes com idades 
entre os 10 e os 25 anos no UK Household Longitudinal 
Study 2015-2021 (Estudo Longitudinal das Famílias do 
Reino Unido). O volume de utilização de redes sociais 
reportado num dia de semana normal esteve relacionado 
com o consumo atual de cigarros de combustão e de 
cigarros eletrónicos. Os modelos de regressão logística de 
equação de estimativa generalizada (EEG) investigaram 
as associações entre a utilização de redes sociais e o con-
sumo de cigarros de combustão e de cigarros eletrónicos. 
Os modelos controlaram possíveis fatores confundidores, 
incluindo a idade, o sexo, o país do Reino Unido, a etnia, 
o rendimento do agregado familiar e a utilização de cigar-
ros de combustão /cigarros eletrónicos por outras pessoas 
no domicílio familiar.
Resultados Entre 10 808 participantes com 27 962 
observações, o consumo atual de cigarros de combus-
tão foi comunicado por 8,6% dos participantes em pelo 
menos um momento e a utilização atual de cigarros 
eletrónicos foi comunicada por 2,5% dos participantes. 
Nos modelos EEG ajustados, a utilização mais frequente 
de redes sociais esteve associada a uma maior probabi-
lidade de consumo atual de cigarros de combustão. Isso 
foi particularmente aparente em níveis de utilização mais 
elevados (por exemplo, odds ratio ajustada (AOR) 3,60, 
IC 95% 2,61 a 4,96 para ≥7 horas/dia vs. nenhuma). As 
associações foram semelhantes para os cigarros eletróni-
cos (AOR 2,73, IC 95% 1,40 a 5,29 para ≥7 horas/dia de 
utilização de redes sociais vs. nenhuma). Observaram-se 
evidências de dose-resposta nas associações entre o 
tempo gasto nas redes sociais e a utilização de cigarros 
de combustão e cigarros eletrónicos (ambos p<0,001). 
As análises estratificadas por sexo e rendimento familiar 
encontraram associações semelhantes para os cigarros de 
combustão. No entanto, para os cigarros eletrónicos, as 
associações concentraram-se nos homens e nos grupos 
de rendimento familiar mais elevado. 
Conclusões A utilização de redes sociais está associada 
a um risco acrescido de consumo de cigarros de com-
bustão e de cigarros eletrónicos, sendo necessária mais 
investigação sobre esta questão, bem como potenciais 
respostas políticas. 

INTRODUCTION 
Understanding the mechanisms that drive uptake 
and use of cigarettes and e-cigarettes is key to deve-
loping strategies to prevent harm. The use of social 
media has been identified as a novel potential vector, 
with substantial increases in time spent in this acti-
vity by young people.1–5 Social media use increases 
with age, and girls are more likely to spend longer 
periods of time on social media than boys.6 Social 
media may be driving cigarette smoking and e-ciga-
rette use through both direct, targeted advertise-

ments and the use of paid influencers by the tobacco 
industry.7 To date, most evidence on the impact of 
social media on cigarette and e-cigarette use has 
focused on America.8–10 This has found associations 
with uptake, regular use and reduced perceptions of 
harm and has included assessment of engagement 
with different platforms.11–13 The only two previous 
UK studies include a cohort study which found that 
social media use at age 14 years was associated with 
greater likelihood of cigarette use at age 17 years.14 A 
second cross-national study from 42 countries inclu-
ding the UK concluded that there was a link between 
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uThere is substantial use of social media 
among children and young people, which 
has had debated impacts on health outco-
mes. There are studies examining social 
media use and associations with cigarette 
and e-cigarette use in the US but only two 
such studies in the UK. One study was 
cross-sectional, while one previous cohort 
study of data from 2014 to 2018 found that 
social media use at age 14 years was asso-
ciated with a greater likelihood of cigarette 
smoking at age 17 years. This study did not, 
however, assess the use of e-cigarettes.

WHAT THIS STUDY ADDS
uThis study examined daily use of social 

media among 10–25-year-olds from 2015 
to 2021. It found that time spent on social 
media is associated, in a dose-dependent 
manner, with likelihood both of cigarette 
smoking and vaping. Those using social 
media for ≥7 hours/day were more than 
two and a half times more likely to use 
both cigarettes and e-cigarettes than those 
not using social media. 

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uThis study highlights that more frequent 
social media use is associated with incre-
ased likelihood of using both cigarettes 
and e-cigarettes in the UK. This reinforces 
concerns that social media is a vector of 
direct and indirect marketing and promo-
tion of these products and that policies to 
curtail this may be warranted.

►► http://dx.doi.org/10.1136/ 
thorax-2023-221169
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social media use and substance use but did not examine cigarette use 
separately from other substances.15

Previous research has identified links between social media use and 
both cigarette and e-cigarette use. For example, analyses of Instagram 
have identified networks of influencers promoting e-cigarettes, often 
without disclosing financial relationships; while Juul has recently set-
tled a lawsuit over marketing of e-cigarettes to teens, including on 
social media.16 17 Comparative analyses in the UK have found good 
compliance with advertising standards for e-cigarettes on traditional 
media, but high levels of breaches on social media.18 Analyses of 11 of 
the most popular social media platforms have highlighted high levels 
of tobacco promotion, with few platforms having policies to deal with 
novel forms of promotion such as sponsored or influencer content.19 A 
systematic review of exposure to tobacco promotion and use identified 
29 studies (none from the UK) and concluded that there is a need for 
greater regulation.20 Any proposal to regulate social media needs to be 
justified and based on evidence. To contribute to this, we examined the 
longitudinal relationship of social media use with cigarette smoking 
and e-cigarette use among children and young people in the UK.

METHODS
Data come from participants of the UK Household Longitudinal 
Study (UKHLS), also known as Understanding Society.21 This is a 
longitudinal household panel study with annual surveys starting 
in 2009. The original sample consisted of a clustered and strati-
fied probability sample of approximately 28 000 households in 
the UK. Data are collected via face-to-face interviews carried out 
by a trained interviewer in the respondent’s home and via online, 
self-completion questionnaires. Adults over the age of 16 years or 
above are asked to complete an individual questionnaire, including 
a self-completion questionnaire. Household members aged 10–15 
years are asked to fill in a shorter self-completion questionnaire, 
with permission from their parent or carer.

We have focused on children and young adults aged 10–25 years 
using data from 2015/2016 to 2020/2021 (wave 7 to wave 12). 
Questions on e-cigarette use were added to UKHLS in 2015/2016. 
Participation in the panel is voluntary, with a gift voucher sent to 
encourage completion of questionnaires and a further gift voucher 
sent when these are completed. All participants provided consent 
to be interviewed. The University of Essex Ethics Committee ap-
proved all data collection.22

Outcomes and exposure
We used three separate binary outcomes: current cigarette smo-
king, current e-cigarette use and current dual use of both products. 
Participants were classified as current cigarette smokers if they re-
sponded “I usually smoke between one and six cigarettes a week” 
or “I usually smoke more than six cigarettes a week”. All other re-
sponses were coded as non-users. The same question was used for 
all waves of data and for all ages.

Current e-cigarette use was first assessed in 2015/2016 with the 
question “Do you ever use electronic cigarettes (e-cigarettes)?” 
with response options “Yes” and “No”. From wave 8 (2016/2017) 
onwards participants were classified as current (weekly) e-cigarette 
users if they responded “I use e-cigarettes at least once a week”. All 
other responses were coded as non-users. Dual use was classified 
as participants currently using both products, with those using 
only one or no products classed as non-dual users.

The main exposure variable was social media use. Participants 
were first asked “Do you belong to any social networking web-
sites?” (Yes/No), and if “Yes”, they were also asked how many hours 
they spend chatting or interacting with friends through a social 
website on a normal weekday, with the following response options: 
“None”, “<1 hour/day”, “1–3 hours”, “4–6 hours” and “≥7 hours”. 
We combined those reporting “None” along with those who were 
not a member of a social media website into a reference category 
of “Not a member or no use”.6

Covariates
We considered a range of potentially relevant sociodemographics: age, 
sex, country in UK, self-defined ethnic group (collapsed into White vs 
non-White due to low numbers in the non-White category), an indica-
tor of living in an urban or rural areas (derived from Office for National 
Statistics Rural and Urban Classification of Output Areas) and equi- 
valised household net income (based on the Organisation for Economic 
Co-operation and Development (OECD) equivalence scale, which was 
used to adjust household income by household composition23).

Statistical analyses
We compared differences in sociodemographics between catego-
ries of social media use using ANOVA. We used binary generalised 
estimating equation (GEE) regression models (family: binomial; 
link: logit; correlation matrix: exchangeable) to assess relationships 
between social media use and product use, using separate models 
for each outcome: cigarette smoking, e-cigarette use and dual use. 
GEE models assess changes over time and account for the correla-
tion caused by observations being from the same individuals.24 We 
also present tests for trend based on frequency of social media use. 
Analyses were adjusted for time (categorical) as well as the sociode-
mographic variables listed above. Models of cigarette smoking were 
additionally adjusted for parental tobacco use, models of e-cigarette 
use were adjusted for parental e-cigarette use, and models of dual 
use were adjusted for both. Analyses used survey weights designed 
by the UKHLS survey team to account for clustered and stratified 
probability sampling and non-response bias.25

We tested for interactions of social media use with age (split 
into above and below 18 years of age), sex and household income 
(in three groups). This was due to possible differences between 
those above and below the legal age of sale, greater social media 
use among women, and potentially differential effects by socioeco-
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nomic groups. All interactions were p<0.001 and so we present 
stratified analyses. Due to the small numbers, we did not test in-
teractions for dual use.

Sensitivity analyses
We performed a range of sensitivity analyses to test the robust-
ness of our findings. As it is possible that those not using social 
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media at all are atypical, we repeated our analyses excluding 
these participants. Our main analyses used household income 
as a marker of socioeconomic status. We also performed our 
analyses using Index of Multiple Deprivation (IMD) (in five 
groups) as an alternative marker of socioeconomic status. We 
performed analyses categorising current e-cigarette use as par-
ticipants who reported using e-cigarettes at least monthly. We 
also performed analyses controlling for a measure of mental 
health (the 12-item General Health Questionnaire (GHQ-12)) 
to consider whether this is a possible pathway, whereby social 

media impacts mental health, which is then linked to cigarette 
and e-cigarette use.

Finally, we used fixed effects analyses to directly test if changes 
in social media use corresponded to uptake of cigarette smoking 
and e-cigarette use. These adjusted for the time-varying variables 
parental cigarette/e-cigarette use and household income. These 
models were on a smaller subset of individuals who were not pro-
duct users when entering the study and who were found to change 
their social media use over time.

RESULTS
Outcomes and covariates across categories of social media use are 
shown in table 1. Overall, 8.6% of the sample reported current ci-
garette smoking at one or more data point, 2.5% reported current 
e-cigarette use, and 1.1% of participants were dual users at one or 
more data point. Social media use frequency broken down by co-
variates is shown in online supplemental appendix table 1.

Cigarette smoking, e-cigarette use and dual use were all more 
common among participants reporting greater social media use 
(all p<0.001) (figure 1). Some 2.0% of participants who used social 
media “None or not a member” reported being a current cigarette 
smoker compared with 15.7% among those using social media for 
≥7 hours/day. Current e-cigarette use ranged from 0.8% among 
those not using social media to 2.5% among those using it for ≥7 
hours/day. 

Differences between categories of social media use were appa-
rent for all variables studied (all p<0.001). Males were less likely 
to be in higher social media use groups than females (57.5% of the 
“None or not a member” social media group compared with 39.9% 
of the “≥7 hours/day” group). Social media use was more frequent 
at older ages (mean age of “None or not a member” social media 
group 12.0 years vs 17.7 years for the “≥7 hours/day” group). Pa-
rental cigarette smoking was more common among those using 
social media more frequently (17.0% for the “None or not a mem-
ber” social media group vs 25.2% for the “≥7 hours/day” group) as 
was parental e-cigarette use (7.3% and 10.5%, respectively).

Table 2 shows results of our GEE models of social media use and 
cigarette smoking. Cigarette smoking was more common among 
those using social media more frequently (p for trend <0.001). 
Those using social media for “<1 hour/day” were more likely to 
be current cigarette smokers than those using social media “None 
or not a member” (adjusted odds ratio (AOR) 1.92, 95% CI 1.43 
to 2.58) (table 2). Those using social media for “≥7 hours/day” 
were substantially more likely to be current cigarette smokers than 
those using social media “None or not a member” (AOR 3.60, 95% 
CI 2.61 to 4.96). Table 3 shows results for e-cigarette use. E-ciga-
rette use was more common among those using social media more 
frequently (p for trend <0.001). E-cigarette use was more common 
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among those using social media “1–3 hours per day” compared 
with those using it “None or not a member” (AOR 1.92, 95% CI 
1.07 to 3.46). E-cigarette use was considerably more likely among 
participants using social media “≥7 hours/day” than those using 
social media “None or not a member” (AOR 2.73, CI 1.40 to 5.29).

Table 4 shows results for dual cigarette and e-cigarette use. Mo-
dels have wide confidence intervals reflecting low levels of dual 
use. Those using social media more frequently were more likely to 
be dual users (p for trend <0.001). Those using social media “1–3 
hours per day” were more likely to be dual users compared with 
those using it “None or not a member” (AOR 3.28, 95% CI 1.24 
to 8.70). Dual use was more likely among participants using social 
media “≥7 hours/day” than among those using social media “None 
or not a member” (AOR 4.96, 95% CI 1.71 to 14.34).

Interactions of social media and sex were statistically significant 
for both cigarettes and e-cigarettes (both p<0.001). In stratified 
models (table 5) AORs were similar between the sexes for cur-
rent cigarette smoking. For e-cigarettes, associations between so-
cial media use and e-cigarette use were statistically significant for 
males but not for females (AOR 4.10, 95% CI 1.90 to 8.87 for males 
for “≥7 hours/day” vs “None or not a member” social media use).

Interactions with household income categories were statistically 
significant (p<0.001 for both cigarettes and e-cigarettes) (table 
6). In stratified analyses of cigarette smoking, point estimates for 
the richest income group were higher than for the lowest income 
group, although these overlapped (eg, AOR 5.22 for “≥7 hours/
day”, 95% CI 2.82 to 9.67 for the richest income group vs AOR 
4.17, 95% CI 2.27 to 7.65 for the lowest income group). For e-ci-
garette use, associations were statistically significant for the high-

est income groups (eg, AOR 7.85, 95% CI 1.72 to 35.82 for “≥7 
hours/day” vs no social media use) but were not statistically sig-
nificant for the lowest income group.

Analyses stratified by age found similar results to main analyses 
for cigarettes (online supplemental appendix table 2). Models for 
e-cigarette use were only statistically significant among those <18 
years old.

Sensitivity analyses
GEE analyses excluding those not using any social media were 
similar to main analyses (online supplemental appendix table 
3). Analyses using IMD as a marker of socioeconomic status 
rather than household income also gave similar results (online 
supplemental appendix table 4). Analyses classifying current e-
cigarette use as participants using them at least monthly also 
gave similar results although with larger point estimates (online 
supplemental appendix table 5). Analyses controlling for GHQ-
12 as a measure of mental health were similar for cigarettes but 
did not find statistically significant associations between social 
media and e-cigarette or dual use. This may indicate that social 
media use impacts mental health, which in turn impacts like-
lihood of using cigarettes or e-cigarettes, although this result 
should be treated with caution (online supplemental appendix 
table 6).

Fixed effect analyses gave similar results to main analyses for
uptake of cigarette smoking (online supplemental appendix ta-
ble 7). It should be noted that sample size was much reduced for
this model (n=864). These analyses found some evidence that 
changes in social media use are linked to uptake of cigarette 
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smoking in a dose–response manner (p for trend=0.053). For 
example, changing to using social media for ≥7 hours/day was 
associated with more than double the odds of taking up ciga-
rette smoking (AOR 2.33, 95% CI 1.28 to 4.24).

Associations between changes in social media use and up-
take of e-cigarettes did not reveal associations between changes 
in social media use and uptake of e-cigarettes. These analysis 
models had even lower sample sizes (n=564). For example, 
AORs of e-cigarette uptake ranged from 0.71 (95% CI 0.34 to 
1.48) for participants using social media “<1 hour/day” to AOR 
0.84 (95% CI 0.38 to 1.85) for those using social media “≥7 
hours/day”. The test for trend was not statistically significant 
(p=0.584).

DISCUSSION
The main finding of the present study is that in children and young 
adults more frequent social media use was associated with a higher 
likelihood of both current use of cigarettes and e-cigarettes. This 
association was independent of other factors associated with in-
creasing smoking and vaping including age, gender, socioeconom-
ic status and parental smoking and vaping. These findings were 
robust to sensitivity analyses, while in stratified analyses there 
were more consistent associations for e-cigarette use among those 
under the legal age of sale, males and those with higher household 
incomes.

While we were unable to assess use of specific social media plat-
forms or what content was being accessed, we propose a number 
of possible, non-exclusive explanations for this relationship. First, 
and most straightforwardly, there is evidence that the corpora-
tions behind cigarette smoking and vaping make use of social 
media to advertise and promote their products.8–10 16 This includes 
direct advertising which is algorithmically targeted and the use of 
paid social media influencers who present smoking and vaping as 
a fashionable and desirable activity. Greater time spent on social 
media is likely to increase exposure to these forms of influence. 
While cigarettes and e-cigarettes are likely promoted differently, 
we found association with use of both products, highlighting the 
need for greater understanding of such corporate behaviours. Se-
cond, social media use has been shown to have features in com-
mon with reward-seeking addictive behaviour.26

High social media use may increase susceptibility to other ad-
dictive behaviours like smoking. Alternatively, both behaviours 
may be driven by a common susceptibility. Third, as a space that 
is largely unsupervised by parents/caregivers, social media use 
may encourage behaviours that are transgressive, including ciga-
rette smoking and vaping. There is evidence that peer smoking is 
a strong influence on child uptake of smoking27 and social media 
is one of the ways in which peer smoking and vaping will be ex-
perienced, both by seeing others’ behaviour and by sharing “influ-
encer content” that promotes these behaviours. Stratified analyses 
revealed more consistent associations for cigarettes, while for e-
cigarettes statistically significant associations were only found for 
those under the legal age of sale, among males, and those from 
richer households. Analyses of cigarette smoking did not identify 
changes over time, which fits with other evidence that smoking 
prevalence has been reasonably consistent over this time frame.28 
Analyses of e-cigarette use found reduced odds of these outcomes 
after 2015/2016, likely caused by changes in e-cigarette use ascer-
tainment, although our main findings were robust to reclassifica-
tion to examine monthly use. Our main analyses focused on week-
ly use of e-cigarettes; as any health impacts are probably related to 
amounts of vapour inhaled, this measure of regular use is more 
important for health than e-cigarette experimentation.

Strengths and limitations
This study uses a nationally representative cohort to examine social 
media use and use of cigarettes and e-cigarettes over time. UKHLS 
households are sampled based on geographical areas, population 
densities and ethnic composition, with survey weight adjusting for 
differential non-response across groups.29 We conducted a range of 
sensitivity analyses, although other potential factors such as edu-

cation may also be important. All data are based on self-report, 
and specifically we do not have information about which social 
media platforms were being used or how individuals were using 
them, for example, the extent to which they are interacting socially 
with individuals they know or consuming content from influenc-
ers, personalities or media corporations, etc. Precise pathways 
remain to be fully elucidated: our sensitivity analyses point to a 
possible role for mental health, although it should be noted that a 
formal mediation analysis was outside the scope of this article. As 
cigarette smoking is linked to poorer mental health, these relation-
ships could well be bidirectional.30 This, as well as potential tar-
geted advertising, are among pathways that should be investigated 
in both quantitative and qualitative research.

Policy implications
Although we do not have data on the specific platforms used or 
content used, there is compelling evidence that vape companies 
are using social media to market their products.2–5 The content 
that social media users are exposed to is to a substantial extent 
algorithmically controlled, both through targeted advertising and 
by the promotion of material that maximises engagement in order 
to increase revenue to the platform. This can be controlled. For 
example, far right imagery which is otherwise widely available is 
largely inaccessible in Germany, as a consequence of German law 
which social media platforms are bound to enforce. The compa-
nies that own social media platforms have substantial power to 
modify exposure to material that promotes smoking and vaping if 
they choose to or are compelled to. Voluntary codes seem unlikely 
to achieve this, and the introduction and enforcement on bans on 
material that promote this should be considered. In general, we 
think that algorithms should not be promoting products to indi-
viduals that they cannot legally buy. Legislation and enforcement 
around this and other corporate determinants of health concerns 
should be considered a core part of online safety and child protec-
tion.

CONCLUSION
This longitudinal analysis of children and young people in the UK 
found that more frequent social media use is associated with an 
increased risk of cigarette and e-cigarette use.
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RESUMO
Faltam dados contemporâneos sobre a disponibilidade, 
custo e acessibilidade de medicamentos essenciais para 
doenças respiratórias crónicas (DRC) em países de baixo 
e médio rendimento (PBMR), apesar de a maioria das 
pessoas com DRC viverem em PBMR. Foram recolhidos 
dados transversais para sete medicamentos para DRC em 
farmácias, unidades de saúde e centros de distribuição 
de medicamentos de 60 PBMR em 2022-2023. Os medi-
camentos para alívio sintomático estavam amplamente 
disponíveis e acessíveis, enquanto os tratamentos preven-
tivos variavam muito em termos de custo, estavam menos 
disponíveis e eram em grande parte inacessíveis. Há uma 
necessidade urgente de abordar estas questões se se qui-
ser atingir o Objetivo de Desenvolvimento Sustentável 3 
para as pessoas com asma até 2030. 

INTRODUCTION 
The forthcoming High-Level Meeting of the United 
Nations General Assembly on Non-Communicable 
Diseases (NCDs) will address the 15 million pre-
mature deaths from NCDs annually, most of which 
occur in low-income and middle-income coun-
tries (LMICs).1 The United Nations Sustainable 
Development Goals (SDGs) demand ‘safe, effective, 
quality and affordable essential medicines for all’ 
by 2030.2 Non-communicable chronic respiratory 
diseases (CRDs), for example, asthma and chro-
nic obstructive pulmonary disease (COPD), cause 
substantial morbidity and mortality, disproportio-
nately affecting those living in poverty in LMICs.3 
Recommended medicines for CRDs include inha-
led and oral drugs that are on the WHO Model List 
of Essential Medicines (EML), which defines safe, 
efficacious, cost-effective medicines that should be 
available everywhere.4 Access to essential, afforda-
ble CRD medicines is limited in LMICs.5 6 Up-to-
date data on the availability, cost and affordability of 
WHO essential medicines for CRDs in LMICs are 
missing.

METHODS 
This cross-sectional survey of medication availability 
and cost was completed by healthcare professionals 
working in LMICs (online supplemental appen-
dix). Professionals collected standardised data from 
three facilities (pharmacy, healthcare facility (HCF) 
and central medicine store (CMS)) in each country. 
Prices (US$) for 1-month treatment were compared. 
Affordability was defined by 1-month treatment 
costing the lowest paid government worker <1 day’s 
wage, as per established methodology.7

RESULTS 
Data from 60 LMICs were collected between June 
2022 and April 2023 (online supplemental appen-

dix). 18 countries were low income, 24 lower middle 
income and 17 upper middle income. The sub-
Saharan African region was best represented (27 
countries). Information for all three facilities was 
submitted for 42/60 (70%) countries. Information for 
pharmacies, HCFs and CMS was provided by 57, 56 
and 46 LMICs, respectively. Most pharmacies were 
private (89%), most HCFs were public institutions 
(80%).

Inhaled short-acting beta agonists 
TInhaled short-acting beta agonist (SABA) was 
available in 93% of pharmacies, 79% of HCFs and 
78% of CMS (table 1, figure 1, online supplemental 
appendix). The median cost of 1-month treatment in 
pharmacies was $2.95 (IQR $1.99–4.97), $2.34 (IQR 
$1.38–3.86) in HCFs and $1.39 (IQR $1.20–2.83) in 
CMS. SABAs were both available and affordable in 
51% (29/57) of all pharmacies and 61% (31/56) of all 
HCFs that submitted data.

Inhaled corticosteroids 
Beclomethasone 100 mcg/dose, or equivalent, was 
available in 54% of pharmacies, 55% of HCFs and 
48% of CMS (table 1, figure 1, online supplemental 
appendix). The median costs were $5.40 (IQR $2.12–
8.60) in pharmacies, $3.01 (IQR $1.21– 5.89) in 
HCFs and $1.16 (IQR $0.11–3.24) in CMS. Inhaled 
corticosteroids (ICS) were both available and affor-
dable in 30% (17/57) of pharmacies and 36% (20/56) 
of HCFs.

Combination inhaled corticosteroid–long-
acting beta agonists 
Budesonide-formoterol 200+6 mcg/dose, or equi-
valent, was available in 54% of pharmacies, 38% 
of HCFs and 20% of CMS (table 1, figure 1, online 
supplemental appendix). The median costs were 
$19.20 (IQR $9.73–27.43) in pharmacies, $18.41 
(IQR $11.30–24.49) in HCFs and $7.14 (IQR 
$3.90–8.13) in CMS. Overall, it was both available 
and affordable in 11% (6/57) of pharmacies and 
5% (3/56) of HCFs. Costs for budesonide-formo-
terol 100+6 mcg/dose were similar, but it was less 
available.

Long-acting anti-muscarinic antagonists 
A standardised long-acting muscarinic antagonist 
(LAMA) formulation was available in 46% of phar-
macies, 29% of HCFs and 24% of CMS (table 1, 
figure 1, online supplemental appendix). The median 
costs were $30.53 (IQR $9.45–47.29) in pharmacies, 
$26.01 (IQR $15.32–36.70) in HCFs and $17.98 
(IQR $0.98–32.17) in CMS. LAMAs were available 
and affordable in 7% (4/57) of pharmacies and 4% 
(2/56) of HCFs. 
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Other essential medicines, WHO regions and income groups 
Oral prednisolone was affordable and available between 70% and 
80% of facilities (table 1). Other medicines were less available (online 
supplemental appendix). There were variations which region and 
income groups had the cheapest and most affordable medicines 
across facilities.

DISCUSSION 
This is the largest cross-sectional study of availability, cost and affor-
dability of CRD medicines in LMICs to date. It included data from 
60 LMICs, representing 84% of the global LMIC population, and 16 
of the 20 most populous LMICs. 

Inhaled SABA and prednisolone were almost universally availa-
ble. There were large cost ranges, SABAs were the cheapest inhalers. 
Medicines were cheaper in HCFs than pharmacies and price typi-
cally increased between CMS and pharmacy/HCF. In some countries 
medicines were free or subsidised. 

We identified improvement in inhaled corticosteroid–long-acting 
beta agonist (ICS-LABA) availability compared with the last decade, 
with ICS-LABA now being available in more than half of pharmacies, 
and one-third of HCFs, possibly because of inclusion in the WHO 
EML and international guidelines.6 SABA and ICS availability in 
HCFs and CMS also improved compared with previously.5

Acute, symptomatic treatments (SABA, prednisolone) for CRDs 
were more affordable than daily treatments needed to reduce mor-
bidity and mortality (ICS, ICS-LABA, LAMA). Guidelines recom-
mend that first-line asthma treatment should be ICS-LABA, or ICS 
whenever SABA is taken.8 However, our findings suggest that these 
recommendations are largely unaffordable, and economic realities 
may force patients to use cheaper, riskier approaches.8

The median daily wage was $4.33 (IQR $2.17–9.55) providing an 
indication of ‘affordability’ for a month’s treatment, but acknowled-
ging that many earn less than the lowest paid government worker. 
Making ICS-formoterol (median cost at least $16.49) affordable like 
this, or by benchmarking against SABA, could achieve a tipping 
point for the widespread adoption of anti-inflammatory reliever 
asthma therapy, especially considering the greater efficacy of ICS-
formoterol.8 A similar approach to LAMA pricing could improve 
COPD management.9

Our study had several strengths. Data came from all income levels 
and regions and represented a large proportion of those living in 
LMICs. Comparisons were possible by using standardised data col-
lection derived from established tools. Patient experience was reflec-
ted, as we presented a snapshot of the facility on the data collection 
day. 

The study had some weaknesses. It was conducted over 11 mon-
ths. Costs were compared using US$, dependent on exchange rates. 
Median price ratios were previously used for benchmarking, but 
the reference prices are out of date and no longer recommended.7 

Convenience sampling introduced possible selection bias towards 
better equipped facilities in urban areas. Mostly only one facility was 
sampled per country. We did not assess medicine quality, expiry date 
nor data from multiple time points.

Establishing national CRD strategies that include medicines, gene-
rating country-specific data, buy-in from global organisations and 
patient advocacy are key to improving medicine access by addressing 
in-country demand and political commitment.10 Cost-effectiveness 
data for inhaled medicines specific for LMICs are needed, given that 
they reduce exacerbations and hospitalisations, which substantially 
drive the costs of CRDs.9 There is an urgent need to address the 
availability and affordability of essential CRD medicines if SDGs are 
to be achieved for all by 2030.
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