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Após um outono e inverno onde se verificou que o impacto das alterações climáticas é uma realidade que não pode ser ignorada 
por ninguém, e tendo sido esta uma época muito atribulado em termos de infeções respiratórias, atingindo grupos etários habitu-
almente mais “imunes”, como é o caso dos adolescentes e dos adultos jovens, eis-nos chegados à Primavera.
Os alergénios circulam agora em força na atmosfera e vieram novamente acompanhados por poeiras do deserto. E com concen-
trações que, por vezes, são elevadíssimas. Para a população em geral estes podem ser meses complicados, competindo a todos nós 
informar e aconselhar.
E este número abre precisamente com um editorial que traz à discussão a importância dos profissionais de saúde que “devem ser 
defensores poderosos tanto da recuperação da biodiversidade como da luta contra as alterações climáticas para o bem da saúde”, 
realçando que “os líderes políticos devem reconhecer tanto as graves ameaças que a crise planetária representa para a saúde como os 
benefícios que podem advir para a saúde do facto de se combater a crise”, sendo esta uma emergência sanitária de âmbito mundial. 
Mas política e boas práticas sanitárias nem sempre evidenciam uma adequada correlação.
A relação entre o tabagismo e a fibrose pulmonar idiopática, ou a reflexão sobre os hábitos tabágicos de adolescentes e adultos 
jovens, iniciados e mantidos através do consumo inicial de “tabaco eletrónico”, fator de risco principal para a DPOC, são um 
excelente enquadramento para uma pertinente reflexão crítica sobre as últimas recomendações GOLD, efetuada pela nossa colega 
Elsa Fragoso. 
Artigos versando o tratamento da sibilância pediátrica após a alta dos serviços de urgência hospitalar, e sobre asma, nomeadamente 
sobre a “relação entre a qualidade do ar e as admissões nas urgências hospitalares relacionadas com a asma, na Cidade do México” 
e a “influência da idade nas características clínicas, no tratamento farmacológico e nas agudizações em crianças com asma”, são 
apenas alguns dos temas adicionais que Vos propomos para leitura.  
E, como não a podemos esquecer, recomendamos igualmente o artigo “Impacto da pandemia de SARS-CoV-2 na sobrevivência 
ao cancro do pulmão em Inglaterra”. Porque a COVID-19 mantém a sua memória entre nós…
Até já.

Mário Morais de Almeida
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Mais de 200 revistas da área da saúde 
apelam à Organização das Nações Unidas 
(ONU), aos líderes políticos e aos profis-
sionais de saúde para que reconheçam que 
as alterações climáticas e a perda de biodi-
versidade são uma crise indivisível e que 
devem ser combatidas em conjunto para 
preservar a saúde e evitar uma catástrofe. 
Esta crise ambiental global é atualmente 
tão grave que constitui uma emergência 
sanitária mundial.

O mundo está atualmente a responder à 
crise climática e à crise da natureza como se 
fossem desafios separados. Este é um erro 
perigoso. A 28ª Conference of the Parties 
(COP) sobre as alterações climáticas está 
prestes a realizar-se no Dubai, enquanto a 
16ª COP sobre a biodiversidade deverá ter 
lugar na Turquia em 2024. As comunidades 
de investigação que fornecem as provas para 
as duas COP estão, infelizmente, em grande 
parte separadas, mas foram reunidas num 
workshop em 2020, onde concluíram que: 
«Só considerando o clima e a biodiversidade 
como partes do mesmo problema complexo 
[...] é possível desenvolver soluções que 
evitem a má adaptação e maximizem os 
resultados benéficos».1

Tal como o mundo da saúde reconheceu 
com o desenvolvimento do conceito de saúde 
planetária, o mundo natural é constituído 
por um sistema global interdependente.

Por exemplo, a seca, os incêndios flores-
tais, as inundações e outros efeitos do 
aumento das temperaturas globais destroem 
a vida vegetal e conduzem à erosão do 
solo, inibindo assim o armazenamento de 
carbono, o que significa mais aquecimento 
global.2 

As alterações climáticas deverão ultra-
passar a desflorestação e outras alterações 
do uso do solo como principal fator de 
perda de natureza.3

A natureza tem um poder de recuperação 
notável. Por exemplo, as terras desflorestadas 
podem voltar a ser florestas através da rege-
neração natural e o fitoplâncton marinho, 
que atua como armazém natural de carbono, 
transforma mil milhões de toneladas de 
biomassa fotossintetizante de 8 em 8 dias.4 

A gestão das terras e dos mares indígenas 
tem um papel particularmente impor-
tante a desempenhar na regeneração e nos 
cuidados continuados.5

O restabelecimento de um subsistema 
pode ajudar outro, como por exemplo, 
a reconstituição do solo pode ajudar a 
remover os gases com efeito de estufa da 
atmosfera em grande escala.6 

Mas as ações que podem beneficiar um 
subsistema podem prejudicar outro, por 
exemplo, plantar florestas com um tipo de 
árvore pode remover o dióxido de carbono 
do ar, mas pode prejudicar a biodiversi-
dade que é fundamental para ecossistemas 
saudáveis.7

OS IMPACTOS NA SAÚDE
A saúde humana é diretamente prejudicada 
tanto pela crise climática, como as revis-
tas descreveram em editoriais anteriores,8 9 
como pela crise da natureza.10 

Esta crise planetária indivisível terá efei-
tos importantes na saúde em resultado da 
rutura dos sistemas sociais e económicos, 
escassez de terras, de abrigo, de alimentos 
e de água, agravando a pobreza, o que, por 
sua vez, conduzirá a migrações em massa e 
a conflitos. O aumento das temperaturas, 
os fenómenos meteorológicos extremos, 
a poluição atmosférica e a propagação de 
doenças infeciosas são algumas das princi-
pais ameaças para a saúde agravadas pelas 
alterações climáticas.11

«Sem a natureza, não temos nada», foi 
o resumo contundente do Secretário-Geral
da ONU, António Guterres, na COP da
biodiversidade em Montreal, no ano pas-
sado.12

Mesmo que conseguíssemos manter o 
aquecimento global abaixo de um aumento 
de 1,5ºC em relação aos níveis pré-indus-
triais, poderíamos causar danos catastrófi-
cos à saúde ao destruir a natureza.

O acesso à água potável é fundamen-
tal para a saúde humana e, no entanto, a 
poluição prejudicou a qualidade da água, 
causando um aumento das doenças trans-
mitidas pela água.13 

A contaminação da água em terra tam-
bém pode ter efeitos de grande alcance em 
ecossistemas distantes quando essa água 
escorre para o oceano.14 

A boa nutrição é sustentada pela diversi-
dade na variedade de alimentos, mas tem-se 
registado uma perda notável de diversidade 
genética no sistema alimentar. A nível 
mundial, cerca de um quinto das pessoas 
depende das espécies selvagens para a sua 
alimentação e subsistência.15 

O declínio da vida selvagem é um grande 
desafio para estas populações, particular-
mente nos países de baixo e médio rendi-
mento. O peixe fornece mais de metade das 
proteínas alimentares em muitos países de 
África, do Sul da Ásia e de pequenas ilhas, 

mas a acidificação dos oceanos reduziu a 
qualidade e a quantidade de peixe.16

As alterações na utilização dos solos 
forçaram dezenas de milhares de espécies 
a entrar em contacto mais estreito, 
aumentando o intercâmbio de agentes 
patogénicos e o aparecimento de novas 
doenças e pandemias.17 

A perda de contacto das pessoas com o 
ambiente natural e o declínio da biodiver-
sidade têm sido associados ao aumento de 
doenças não transmissíveis, autoimunes 
e inflamatórias, bem como de doenças 
metabólicas, alérgicas e neuropsiquiátri-
cas.10 18

Para os povos indígenas, cuidar da natu-
reza e ligar-se a ela é especialmente impor-
tante para a sua saúde.19

A natureza também tem sido uma impor-
tante fonte de medicamentos, pelo que a 
redução da diversidade também limita a 
descoberta de novos medicamentos.

As comunidades são mais saudáveis se 
tiverem acesso a espaços verdes de elevada 
qualidade que ajudem a filtrar a poluição 
atmosférica, a reduzir a temperatura do ar e 
do solo e a proporcionar oportunidades de 
atividade física.20 

A ligação com a natureza reduz o stresse, 
a solidão e a depressão, enquanto promove 
a interação social.21 Estes benefícios estão 
ameaçados pelo aumento contínuo da 
urbanização.22

Por último, os impactos das alterações 
climáticas e da perda de biodiversidade na 
saúde serão sentidos de forma desigual entre 
os países e no interior dos mesmos, sendo 
que as comunidades mais vulneráveis supor-
tarão frequentemente os maiores encargos.10 

Associada a este facto, a desigualdade 
está também, sem dúvida, a alimentar estas 
crises ambientais. Os desafios ambientais 
e as desigualdades sociais e de saúde são 
desafios que partilham os mesmos fatores 
e que podem ter benefícios comuns de os 
abordar.10

UMA EMERGÊNCIA SANITÁRIA MUNDIAL
Em dezembro de 2022, a COP da biodiver-
sidade acordou na conservação e gestão efi-
cazes de, pelo menos, 30% das terras, zonas 
costeiras e oceanos do mundo até 2030.23

Os países industrializados concordaram 
em mobilizar 30 mil milhões de dólares por 
ano para apoiar os países em desenvolvi-
mento a fazê-lo.23 

Estes acordos refletem as promessas feitas 
nas COP sobre o clima. No entanto, mui-
tos dos compromissos assumidos nas COP 
não foram cumpridos. Isto permitiu que 
os ecossistemas fossem empurrados ainda 
mais para o seu limite, aumentando consi-
deravelmente o risco de se chegar a «pontos 
de rutura» e ruturas abruptas no funciona-
mento da natureza.2 24 

Se estes acontecimentos se verificassem, 
os impactos na saúde seriam globalmente 
catastróficos.

Este risco, combinado com os graves 
impactos na saúde que já estão a ocorrer, 
significa que a OMS deve declarar a crise 
indivisível do clima e da natureza como 

É altura de tratar a crise climática e natural 
como uma emergência de saúde global 
indivisível
Chris Zielinski, em nome do grupo de autoria abaixo indicado
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A incidência da FPI está a aumentar a nível 
mundial.1 Estudos epidemiológicos identi-
ficaram uma série de fatores de risco para o 
desenvolvimento de fibrose pulmonar idiopá- 
tica (FPI), incluindo: sexo masculino, avanço 
da idade e historial de trabalho em ambientes 
industriais poeirentos ou de exposições agrí-
colas.2 3 Há muito que o tabagismo também 
é considerado um fator de risco, mas tem 
sido difícil obter provas irrefutáveis, uma 
vez que o comportamento tabágico também 
está associado a um risco acrescido de outras 
exposições devidas a fatores sociodemográ-
ficos. Por conseguinte, é difícil distinguir as 
contribuições relativas de cada fator de risco.

Nos últimos anos, vários estudos de asso-
ciação do genoma (GWAS) também iden-
tificaram fatores de risco genético para o 
desenvolvimento de FPI4 5 e, além disso, fo-
ram encontrados fatores de risco genético 
associados a taxas de progressão da doença. 
As abordagens de mapeamento de variantes 
para genes implicaram uma série de genes 
suscetíveis de sustentar estas associações 
genéticas, incluindo MUC5B, TERT, TERC e 
KIF15 para o início da doença e PCSK6 para 
a progressão da doença.6

A probabilidade de um indivíduo começar 
a fumar a longo prazo também é, em parte, 
determinada geneticamente, tendo sido 
identificado um grande número de vari-
antes genéticas ligadas ao comportamento 
tabágico. O mapeamento de variantes para 
genes identificou, em geral, genes envolvidos 
nas vias de recompensa e dependência do 
sistema nervoso central ou variantes direta-
mente ligadas às ações e ao metabolismo da 
nicotina, incluindo o bem estudado locus 
CHRNA3/5 no cromossoma 15.7

A existência de conjuntos bem validados 
de variantes genéticas associadas quer ao 
comportamento tabágico quer ao risco de 
FPI permite adotar uma abordagem dife-
rente para avaliar se as associações obser-
vadas entre a FPI e o comportamento 
tabágico são causais ou não. Ao definir 
conjuntos não sobrepostos de variantes asso-
ciadas a cada caraterística, é possível gerar 
um instrumento genético que explica pelo 
menos uma parte do risco de começar a 
fumar ou de desenvolver FPI.

Uma vez que as variantes genéticas em 
que estes instrumentos se baseiam são 
atribuídas à nascença, não estão obvia-
mente sujeitas à confusão, o que repre-
senta um problema para muitos fatores de 
risco identificados em estudos epidemi-
ológicos. Esta abordagem é designada por 

aleatorização mendeliana (MR, do inglês 
Mendelian randomisation).

É possível encontrar mais informação 
sobre as abordagens MR num editorial 
anterior da Thorax original.8 No número de 
fevereiro da Thorax, Zhu et al.9 utilizaram 
duas amostras de RM com um modelo 
ponderado inverso e, de seguida, realizaram 
uma análise de sensibilidade utilizando 
MR-Egger e MR-PRESSO, para examinar se 
o comportamento tabágico era ou não um 
fator de risco no desenvolvimento de FPI. Em 
geral, são necessárias amostras de grandes 
dimensões nos estudos de MR, uma vez que 
a proporção absoluta do risco de uma deter-
minada caraterística ou fenótipo explicada 
pelos instrumentos genéticos é normalmente 
bastante reduzida. Os investigadores criaram 
instrumentos genéticos para a iniciação ao 
tabagismo com 378 variantes do GWAS and 
Sequencing Consortium of Alcohol and Nico-
tine Use Study7 e, para a exposição ao taba-
gismo ao longo da vida, um instrumento não 
sobreposto de 126 variantes do UK Biobank. 
Apesar de 1,2 milhões de indivíduos terem 
contribuído para o primeiro instrumento e 
mais de 426 000 terem contribuído para o 
segundo instrumento, estes instrumentos 
apenas explicaram 2,3 % e 1,3 % da variância, 
respetivamente, para cada caraterística.

Então, os investigadores utilizaram dados 
resumidos de GWAS de 2 consórcios de 
FPI com um total de 10 382 casos e 968 080 
controlos para explorar se os instrumentos 
que previam o comportamento tabágico 
estavam ou não associados ao risco de FPI. 
Concluíram que a predisposição genética 
para a iniciação ao tabagismo (OR 1,29) 
ou a exposição ao tabagismo ao longo da 
vida (OR 1,63) estavam ambas significati-
vamente associadas ao aumento do risco de 
desenvolver FPI. Estes resultados sugerem 
que é provável que o tabagismo seja um 
fator de risco independente para o desen-
volvimento de FPI.

Existe uma série de questões que tem de ser 
considerada ao avaliar estudos de MR como 
este. A questão mais importante é o facto de 
os instrumentos genéticos para o compor-
tamento tabágico utilizados na análise de 
MR não conterem variantes genéticas que 
também prevejam o risco de desenvolver FPI, 
independentemente dos efeitos induzidos 
pelo comportamento tabágico. As análises 
de sensibilidade efetuadas pelos investiga-
dores são importantes para tentar excluir este 
facto. No entanto, embora o MR-PRESSO 
ajude a resolver este problema através da 
remoção de valores aberrantes, pode não ter 
em conta toda a pleiotropia, sendo que outras 
abordagens podem ser mais adequadas para 
lidar com esta questão da correlação genética 
parcial, como por exemplo o método da 
variável causal latente.10 

Também existem algumas limitações na 
conceção do estudo, tanto em termos de 

coortes (sendo a principal a falta de dados 
de coortes sobre a exposição ao taba-
gismo em todas as pessoas e outros dados 
demográficos), como na análise, em parti-
cular se é ou não razoável efetuar uma 
meta-análise global com efeitos aleatórios 
para resumir as outras duas meta-análises 
que foram realizadas.

Abordagens semelhantes baseadas na 
MR tornar-se-ão uma forma cada vez mais 
comum de tentar resolver os potenciais 
problemas de confundidores que podem 
causar dificuldades na interpretação de 
muitos estudos epidemiológicos. É também 
de salientar que existem outras utiliza-
ções potenciais da abordagem por MR que 
ajudarão a compreender melhor as doenças 
respiratórias (e outras). Um bom exemplo é 
a forma como a MR pode acrescentar valor 
à análise da quantidade crescente de dados 
ómicos que estão a ficar disponíveis, por 
exemplo, mais de 50 000 indivíduos no UK 
Biobank têm agora dados Olink sobre 1463 
marcadores do proteomaplasmático.11 

É provável que, ao gerar instrumentos 
genéticos que expliquem alguma da vari-
abilidade dos níveis dos biomarcadores, seja 
possível explorar mais pormenorizadamente 
a relação entre os biomarcadores, o início da 
doença e/ou a progressão da doença.

Esta abordagem pode, por exemplo, 
fornecer informações sobre o facto de os 
níveis alterados dos biomarcadores estarem 
ou não causalmente envolvidos no início 
da doença ou serem apenas um marcador 
do desenvolvimento de uma determinada 
doença.12 

Adicionalmente, outras potenciais asso-
ciações causais para a FPI, como o compri-
mento dos telómeros, podem ser exploradas 
utilizando a MR.13

Em conclusão, o artigo de Zhu et al. acres-
centa significativamente à literatura sobre 
tabagismo e FPI, fornecendo mais provas de 
que o tabagismo é um fator de risco inde-
pendente para o desenvolvimento de FPI. 
Também fornece um exemplo de como as 
abordagens de MR podem ser utilizadas de 
forma mais geral para explorar questões de 
causalidade para associações observadas 
em estudos epidemiológicos transversais. 
No entanto, subsiste uma questão funda-
mental: como é que o conhecimento da 
provável contribuição do tabagismo altera 
a nossa gestão da FPI? Do ponto de vista 
clínico, é pouco provável que isto tenha 
implicações importantes, uma vez que a 
redução da exposição ao tabagismo já é um 
objetivo fundamental de saúde pública. No 
entanto, é possível que uma exploração mais 
aprofundada dos mecanismos pelos quais a 
exposição ao fumo do tabaco contribui para 
o desenvolvimento da FPI forneça novos 
alvos terapêuticos para intervir numa fase 
precoce do desenvolvimento da doença.
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uma emergência de saúde global. As três 
condições prévias para que a OMS declare 
uma situação como emergência de saúde 
pública de âmbito internacional25 são: (1) 
ser grave, súbita, invulgar ou inesperada, 
(2) ter implicações para a saúde pública 
para além da fronteira nacional do Estado 
afetado, e (3) poder exigir uma ação inter-
nacional imediata. As alterações climáticas 
parecem preencher todas estas condições.

Embora a aceleração das alterações cli-
máticas e a perda de biodiversidade não 
sejam súbitas ou inesperadas, são certa-
mente graves e invulgares. Por isso, apela-
mos à OMS para que faça esta declaração 
antes ou durante a 77.ª Assembleia Mundial 
da Saúde, em maio de 2024.

Para fazer face a esta emergência, é 
necessário harmonizar os processos da 
COP. Como primeiro passo, as respetivas 
convenções devem promover uma melhor 
integração dos planos climáticos nacionais 
com os equivalentes em matéria de biodi-
versidade.3 

Como concluiu o workshop de 2020, que 
reuniu cientistas do clima e da natureza, 
«os pontos de alavancagem críticos incluem 
a exploração de visões alternativas de boa 
qualidade de vida, repensar o consumo e 
os resíduos, mudar os valores relacionados 
com a relação homem-natureza, reduzir as 
desigualdades e promover a educação e a 
aprendizagem».1 Tudo isto seria benéfico 
para a saúde.

Os profissionais de saúde devem ser 
defensores poderosos tanto da recuperação 
da biodiversidade como da luta contra as 
alterações climáticas para o bem da saúde. 
Os líderes políticos devem reconhecer tanto 
as graves ameaças que a crise planetária 
representa para a saúde como os benefícios 
que podem advir para a saúde do facto de 
se combater a crise.26 Mas, antes de mais, 

temos de reconhecer esta crise pelo que ela 
é: uma emergência sanitária mundial.
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Há várias décadas que se sabe que o taba-
gismo causa lesões pulmonares obstrutivas 
irreversíveis nos adultos1 e está associado a 
uma obstrução ligeira das vias aéreas e a um 
desenvolvimento mais lento da função pul-
monar nos adolescentes.2 

Apesar do declínio de mais de 1% ao ano 
na exposição ao fumo do tabaco padroni-
zada por idade entre 2010 e 2019, o estudo 
Global Burden of Diseases, Injuries and Risk 
Factors Study relatou que o tabaco (fumado, 
passivo e mastigado) foi o principal fator de 
risco global para mortes atribuíveis, sendo 
responsável por 8,71 milhões de mortes, ou 
seja, 15,4 % de todas as mortes em 2019.3 

Este panorama do tabagismo ainda não 
teve em conta o cigarro eletrónico, inventa-
do pelo farmacêutico chinês Hon Lik no 
início da década de 2000.

A popularidade dos cigarros eletrónicos 
tem vindo a aumentar de forma constante 
em todo o mundo, em parte devido ao seu 
interesse como alternativa aos cigarros e 
como instrumento para deixar de fumar, 
uma vez que são considerados mais seguros 
do que os cigarros. Os aparelhos estão agora 
disponíveis em múltiplos formatos e mode-
los e em vários sabores atrativos para os jo-
vens consumidores.

A aparente segurança dos cigarros eletróni-
cos tem sido posta em causa nos últimos anos.

Em 2021, uma revisão integrada baseada 
em estudos epidemiológicos - na sua maio-
ria transversais - e laboratoriais concluiu 
que existe uma relação real entre o uso de 
cigarros eletrónicos e a doença pulmonar 
obstrutiva crónica (DPOC) entre adultos e 
a asma entre adolescentes, sobretudo estu-
dantes do ensino secundário.4 

Os estudos transversais sofrem de falta 
de temporalidade e de causalidade inversa. 
No entanto, dois dos estudos foram longi-
tudinais e revelaram um aumento do risco 
de bronquite crónica, DPOC, enfisema e 
declínio da função pulmonar entre os uti-
lizadores de cigarros eletrónicos. Apesar do 
problema de saúde pública que representa 
o consumo de cigarros eletrónicos entre os 
jovens consumidores, são escassas as co-
ortes populacionais longitudinais centradas 
na saúde respiratória e que tenham em con-
ta outros consumos de produtos do tabaco. 
Em 2022, a partir de um estudo prospetivo 
baseado nos dados do California Children’s 
Health Study (CHS), Islam et al.5 mostraram 
que a exposição em segunda mão ao vapor 

de nicotina em casa estava associada a um 
risco acrescido de sintomas bronquíticos e 
de falta de ar em jovens adultos, mesmo de-
pois de se ter em conta o tabagismo ativo e 
a vaporização. Utilizando dados da mesma 
coorte, a questão da investigação sobre a 
utilização de cigarros eletrónicos e os sinto-
mas respiratórios em adolescentes e jovens 
adultos foi bem explorada na presente edi-
ção da Thorax por Tackett et al.6 

Os autores investigaram as associações 
transversais e longitudinais entre o consumo 
de cigarros eletrónicos e a pieira, os sintomas 
bronquíticos e a falta de ar entre os jovens 
consumidores, controlando o consumo de 
canábis e de cigarros, bem como a exposição 
passiva a qualquer tipo de fumo ou vapor de 
cigarros eletrónicos. Entre 2014 e 2018, fo-
ram recolhidas quatro vagas de dados sobre 
a utilização de cigarros eletrónicos e sinto-
mas respiratórios de 2097 participantes do 
CHS com uma idade média de 17,3 anos 
na onda 1. Foram recolhidas informações 
de acompanhamento de 1609 participantes 
em 2015 (onda 2), de 1502 em 2017 (onda 
3) e de 1637 na onda 4 (2018). Em cada in-
quérito, os participantes indicaram se nunca, 
há algum tempo e nos últimos 30 dias tin-
ham consumido cigarros, cigarros eletróni-
cos ou canábis. Foram construídos modelos 
estatísticos adequados, tendo em conta ob-
servações repetidas, e ajustados em função 
do sexo, raça/etnia, idade, diagnóstico de 
asma ao longo da vida, educação parental, 
onda de recolha de dados e exposição pas-
siva a qualquer tipo de fumo ou vapor de 
cigarro eletrónico.

Foram efetuadas análises de sensibili-
dade (1) para eliminar o potencial fator de 
confusão do consumo simultâneo e nos úl-
timos 30 dias de cigarros e/ou canábis, (2) 
para avaliar se a perda de seguimento re-
sultava em análises tendenciosas e (3) para 
avaliar a influência da asma. A prevalência 
do consumo de cigarros eletrónicos nos úl-
timos 30 dias aumentou de 11,7 % na onda 
1 para 15,6 % na onda 4, enquanto o relato 
do consumo de produtos do tabaco nos úl-
timos 30 dias diminuiu de 25,6 % para 20,6 
% durante o mesmo período.

Foram observados aumentos na prevalên-
cia de sintomas bronquíticos (de 19,4% para 
26%) e de pieira (de 12,2% para 14,8%) da 
onda 1 para a onda 4, enquanto a prevalên-
cia de falta de ar se manteve em cerca de 
17% em todas as ondas. As análises trans-
versais mostraram que os participantes que 
relataram uso de cigarros eletrónicos nos 
últimos 30 dias apresentavam um aumento 
estatisticamente significativo do risco de 
pieira (OR 1,81, IC 95% 1,28 a 2,56), sin-
tomas bronquíticos (OR 2,06, IC 95% 1,58 
a 2,69) e falta de ar (OR 1,78, IC 95% 1,23 a 
2,57), controlando para a onda, idade, sexo, 
raça e educação parental. Uma vez que o 

relato da utilização de cigarros eletrónicos 
se referia aos últimos 30 dias, um período 
num passado recente, é improvável que haja 
um viés de memória. Após um ajustamento 
adicional para o consumo de cigarros e de 
canábis, bem como para a exposição passiva 
a cigarros eletrónicos, cigarros e canábis, as 
associações foram atenuadas e permanece-
ram significativas para os sintomas bron-
quíticos (OR 1,55, IC 95% 1,18 a 2,05) e a 
falta de ar (OR 1,48, IC 95% 1,01 a 2,18), 
mas não para a pieira (OR 1,41, IC 95% 
0,99 a 2,01). Restringir as análises aos par-
ticipantes que não relataram consumo de 
cigarros ou de canábis nos últimos 30 dias 
não revelou um aumento significativo do 
risco de sintomas respiratórios, apesar de 
os OR serem mais elevados (um resultado 
provavelmente devido, em parte, à falta de 
poder (n=1235), mesmo que não se possa 
excluir o viés de confusão). A exclusão dos 
participantes perdidos durante o segui-
mento produziu os mesmos resultados que 
as análises que incluíram a população total. 
Curiosamente, as associações persistiram 
quando os participantes com uma história 
de asma de base ao longo da vida foram 
excluídos (n=1618), indicando que as asso-
ciações também estavam presentes nos par-
ticipantes sem asma. As análises longitudi-
nais mostraram que a utilização de cigarros 
eletrónicos durante 30 dias, avaliada na 
onda anterior, esteve associada a um au-
mento estatisticamente significativo do ris-
co de pieira (OR 1,77, IC 95% 1,14 a 2,74)). 
A consideração dos efeitos independentes e 
conjuntos do consumo de cigarros eletróni-
cos nos últimos 30 dias, com uma onda an-
terior e atual, mostrou que o consumo de 
cigarros eletrónicos nos últimos 30 dias, 
tanto na onda anterior como na atual, es-
teve associado a um aumento significativo 
do risco de pieira e de falta de ar, com OR 
de 3,08 (IC 95% 1,52 a 6,25) e 2,29 (IC 95% 
1,23 a 4,29), respetivamente. Isto é suges-
tivo do impacto da exposição crónica. Os 
autores reconhecem que a autoavaliação do 
consumo de cigarros eletrónicos, de cigar-
ros e de canábis, bem como dos sintomas 
respiratórios, pelo questionário, apresenta 
limitações, tal como a falta de disponibili-
dade de dados sobre o consumo de canábis 
e o falta de ar até às ondas 2 e 3.

Os resultados do estudo de Tackett et al 
complementam a revisão dos estudos hu-
manos e toxicológicos emergentes efetuada 
por Ali et al7 que mostram os efeitos adver-
sos da utilização de cigarros em múltiplos 
sistemas de órgãos.

Em comparação com os cigarros de com-
bustão, os cigarros eletrónicos parecem ter 
menos efeitos adversos na saúde, mas fal-
tam dados sobre a exposição a longo prazo. 
O uso de cigarros eletrónicos pode ter algu-
ma toxicidade pulmonar com o uso cróni-
co, especialmente quando o uso começa na 
adolescência. De facto, os componentes do 
líquido encontrado nos cigarros eletróni-
cos incluem nicotina, compostos aroma-
tizantes, solventes como a glicerina ou o 
propilenoglicol e potenciais compostos tóxi- 
cos, como metais pesados, componentes 
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O Projecto Global Initiative for Chronic Obstructive Lung Disease (GOLD) publica anualmente um documento que reúne as normas 
internacionais de boa prática para a gestão da Doença Pulmonar Obstrutiva Crónica (DPOC). A actualização de 2024 não apresenta 
alterações de fundo, no entanto, é importante revisitar aspectos-chave da gestão da doença, bem como reflectir sobre alguns dos 
temas desenvolvidos no último documento.
A definição de DPOC mantém-se inalterada em relação a 2023, bem como a classificação taxonómica por etiotipos, que procura 
relembrar as diversas origens da doença. A classificação espirométrica e a ferramenta ABE também não sofreram alterações, 
permitindo identificar os principais traços tratáveis e adequar a estratégia terapêutica inicial, que continua a ser a dupla 
broncodilatação, na maioria dos casos. Manteve-se a recomendação prática de considerar a terapêutica inalatória tripla ab initio no 
doente GOLD E com contagens de eosinófilos >300/µL. Os ajustes terapêuticos subsequentes baseiam-se no traço dominante, sendo 
certo que, a haver indicação para transitar para terapêutica tripla na DPOC, essa mudança deve ser efectuada o mais precocemente 
possível, à luz da evidência actual. 
As principais alterações introduzidas em 2024 podem agrupar-se em quatro grandes categorias: 1) Função respiratória; 2) Soluções 
para o subdiagnóstico; 3) Prevenção; 4) Tratamento. 
No que respeita à avaliação da função respiratória, o conhecimento mais detalhado sobre o PRISm (Preserved Ratio Impaired 
Spirometry) permitiu a expansão desta secção. O termo PRISm descreve indivíduos com relação FEV1/FVC normal e FEV1 diminuído 
no estudo pós-BD. Estima-se uma prevalência de 10.4% a 11.3% em fumadores e ex-fumadores. O conceito de trajectórias de 
função pulmonar recorda-nos permanentemente que o factor tempo é determinante. Com efeito, não sendo um fenótipo estável, 
20% a 30% dos indivíduos com PRISm evoluem para DPOC. Além disso, a evidência disponível demonstra, nos doentes com PRISm, 
aumento do risco de doença cardiopulmonar, aumento da mortalidade por todas as causas e causa cardiovascular e aumento 
do risco de internamento, pelo que é fundamental a vigilância destes indivíduos. Muitos são sintomáticos e têm evidência de 
doença estrutural pulmonar, pelo que devem ser medicados. Fica por estabelecer a melhor solução terapêutica, dado não existirem 
estudos nesta população, sendo certo que a abordagem deverá ser personalizada e, provavelmente, passar pela broncodilatação. 
A insuflação pulmonar é um tema central quando se discute a função respiratória e a DPOC não é excepção. Correlaciona-se com 
a dispneia, sobretudo no esforço, pelo que tem de ser considerada no doente sintomático, que se apresente com espirometria 
normal, doença das pequenas vias aéreas ou PRISm. Numa última nota referente à avaliação da função pulmonar, continua a ser 
recomendada genericamente a espirometria pós-broncodilatação, embora seja considerada a possibilidade de avaliar indivíduos 
com suspeita diagnóstica de DPOC exclusivamente com espirometria basal, recorrendo à prova de broncodilatação apenas se for 
identificada obstrução das vias aéreas. Continua a ser utilizado o valor fixo de 70% para a relação FEV1/FVC pós-BD, embora seja 
fundamental interpretar o valor obtido recorrendo aos intervalos de confiança a 95% e Z-scores, utilizando como referencial as 
equações GLI (Global Health Initiative), de forma a melhorar a acuidade diagnóstica.
No que respeita às soluções para melhorar o subdiagnóstico, foi introduzido um capítulo sobre o rastreio espirométrico de 
populações-alvo: indivíduos sintomáticos, com factores de risco, com eventos nos primeiros anos de vida ou infecções respiratórias 
recorrentes. A criação de sinergias parece determinante, sendo recomendada a realização sistemática de espirometria em indivíduos 
com identificação incidental de alterações imagiológicas compatíveis com DPOC ou submetidos a rastreio imagiológico de neoplasia 
do pulmão. A implementação de programas de rastreio activo deve, no entanto, assegurar a existência de recursos para providenciar 
um seguimento apropriado e intervenções específicas atempadas e custo-efectivas nos indivíduos identificados pelo rastreio. 
No âmbito da prevenção, as estratégias de vacinação integram, actualmente, a vacinação contra o vírus sincicial respiratório (VSR). 
Tendo por base as premissas de elevada prevalência, do impacto significativo como causa de exacerbação de DPOC e da eficácia 
elevada e consistente da vacina na prevenção da doença grave em idosos, foi estabelecida a indicação de vacinação para indivíduos 
com mais de 60 anos e/ou com presença de doença cardíaca ou respiratória crónicas. 
Também a terapêutica da DPOC mereceu algumas considerações no documento GOLD 2024. Salienta-se o alargamento da secção 
dedicada aos dispositivos inalatórios, enfatizando assim a relevância da selecção do inalador apropriado a cada doente, aspecto 
determinante da efectividade do tratamento. A terapêutica farmacológica para a cessação tabágica é abordada numa secção nova. 
Por último, o estudo BOREAS demonstrou a eficácia do dupilumab (anticorpo monoclonal humanizado anti-receptor da IL-4 e IL-13) 
na redução das exacerbações da DPOC e melhoria da qualidade de vida em doentes sintomáticos com DPOC moderada a grave com 
>300 eosinófilos/µL e que mantêm exacerbações apesar da terapêutica tripla. Ainda que seja reforçada a necessidade de confirmar 
os resultados do BOREAS, fica definitivamente aberta a porta para a terapêutica biológica na DPOC com fenótipo inflamatório TH2.
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carbonílicos, compostos voláteis e partícu- 
las.7 

Em 2022, os Centros de Controlo e Pre-
venção de Doenças comunicaram que os 
cigarros eletrónicos eram o produto do ta-
baco mais utilizado entre os jovens: cerca de 
1 em cada 30 estudantes do ensino básico 
(3,3%) e cerca de 1 em cada 7 estudantes 
do ensino secundário (14,1%) comunica-
ram ter utilizado cigarros eletrónicos pelo 
menos 1 dia nos últimos 30 dias.8 

Dentro dessas populações, são de par-
ticular importância os aumentos constantes 
daqueles que relatam usar o seu dispositivo 
com frequência (≥20 dias/mês) ou diaria-
mente, de 2014 a 2022.9 

Também existem fortes indícios de que os 
jovens não fumadores que utilizam cigar-
ros eletrónicos têm mais probabilidades de 
começar a fumar e de se tornarem fuma-
dores regulares do que os não fumadores.10

De um modo geral, a literatura recente 
de estudos epidemiológicos e toxicológicos 
justifica a preocupação com o impacto dos 
cigarros eletrónicos na saúde das populações 
jovens. Reconhecemos que a utilização de 
cigarros eletrónicos pode ajudar os fuma-
dores adultos a deixarem de fumar, mas, 
sem dados sobre a vaporização a longo prazo 

provenientes de estudos toxicológicos e de 
segurança realizados com jovens consumi-
dores, é impossível afirmar com certeza que 
os cigarros eletrónicos são mais seguros do 
que os cigarros de combustão. Entretanto, 
de acordo com o princípio da precaução, os 
dados de estudos epidemiológicos e toxi-
cológicos recentes devem ser utilizados para 
fundamentar políticas e abordagens regula-
mentares destinadas a limitar ainda mais o 
acesso dos jovens aos cigarros eletrónicos.

Sendo a utilização de cigarros eletrónicos 
uma exposição evitável, é tempo de agir efi-
cazmente para preservar a saúde das gera-
ções futuras.
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RESUMO
Contexto e objetivos Os programas de gestão de antimi-
crobianos (ASP) resultaram na redução do consumo de anti-
microbianos (AMC) e na melhoria da qualidade da prescrição 
(QOP). No entanto, as evidências do impacto da ASP em 
pediatria são ainda limitadas. Este estudo tem por objetivo 
avaliar os resultados a longo prazo de uma ASP pediátrica.
Métodos Foi realizado um estudo de melhoria da qua-
lidade, avaliado por uma análise de séries temporais 
interrompidas, num hospital pediátrico terciário. O QOP 
expresso como proporção de prescrições adequadas, o 
AMC medido pela incidência de doses diárias definidas 
por 1000 dias de cama ocupados, a densidade de incidên-
cia de infeções da corrente sanguínea (ICS) e a respetiva 
taxa bruta de mortalidade por todas as causas (TBM) 
foram comparados entre o período anterior (de janeiro 
de 2013 a dezembro de 2015) e posterior (de janeiro 
de 2016 a dezembro de 2019) à intensificação das ati-
vidades do ASP, que incluiu um médico especialista em 
doenças infeciosas pediátricas para realizar ativamente 
entrevistas educativas com os prescritores.
Resultados A prescrição desadequada mostrou uma 
mudança significativa para baixo associada à interven-
ção, com uma redução de -51,4% (-61,2% a -41,8%) 
em relação aos valores esperados. O AMC global não 
registou qualquer alteração de tendência após a inter-
venção. Relativamente à neonatologia, foi observada 
uma redução de 28,8% (-36,8% a -20,9%). A utilização 
global de cefalosporinas anti-pseudomonas registou uma 
redução de -51,2% (-57,0% a -45,4%). Foram observa-
das tendências decrescentes para a utilização de carba-
penemes, com uma variação percentual trimestral (QPC) 
de -2,4% (-4,3% para -0,4%) e TBM relacionada com ICS 
(QPC=-3,6%; -5,4% para -1,7%) durante o período de 
estudo. As ICS multirresistentes associadas aos cuidados 
de saúde mantiveram-se estáveis (QPC=2,1; -0,6 a 4,9).
Conclusões A intensificação das atividades educati-
vas de aconselhamento no âmbito de um ASP sugere a 
melhoria da QOP e a redução parcial do AMC em doentes 
pediátricos. As tendências decrescentes da mortalidade 
mantiveram-se inalteradas.

INTRODUCTION 
Antimicrobial stewardship programmes (ASPs) 
involve multidisciplinary approaches focused on 
optimisation of anti-infective therapy.1 2 Their 
implementation has proved beneficial in reducing 
antimicrobial consumption (AMC) and improving 
the quality of prescription (QOP).1 3–6

In paediatrics, evidence supporting ASP efficacy 
on clinical outcomes is incomplete, displaying lack 
of harmonisation on the approaches and impact 
indicators used.3 4 7 8

The Institutional Programme for the Optimi-
sation of Antimicrobial Treatment (PRIOAM) is 

a 12-year-old educational ASP.3 8 After its imple-
mentation, sustained reduction in AMC, hospital-
acquired bloodstream infections (BSIs) and 
mortality have been reported in adults.3 8 This study 
presents obtained results in children.

METHODS
Study design 
A quality improvement study, based on an ecologi-
cal time-trend analysis, was conducted.

Setting
The study was performed in the Paediatric 
Hospital of the University Hospital Virgen del 
Rocío (Seville, Spain), a tertiary centre distributed 
in five principal areas: paediatric wards (78 beds, 
including general paediatrics, infectious diseases, 
oncology, cardiology, nephrology, neurology, 
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Key messages

What is the key question?
u Antimicrobial stewardship programmes 

are effective in reducing antimicrobial 
consumption.

u In children, there are scarce data of their 
impact beyond this aspect and results are 
often presented after short-term periods 
of follow-up.

What is the bottom line?
uThis study provides long-term results of a 

paediatric antimicrobial stewardship pro-
gramme.

uBenefits of paediatric antimicrobial 
stewardship programmes not only on 
antimicrobial consumption but also on 
quality of prescription, ecological outco-
mes and mortality are reported.

Why read on?
uStudy results support the use of coun-

selling educational activities as part of 
paediatric antimicrobial stewardship pro-
grammes to improve quality of antimicro-
bial prescription and clinical outcomes.

uThis study discusses the need to harmo-
nise paediatric antimicrobial stewardship 
programmes practices and outcome mea-
surement tools to obtain impact results in 
the paediatric population.

pneumology and gastroenterology), paediatric haematology 
(8 beds), paediatric surgery wards (34 beds, including general 
surgery, traumatology and neurosurgery), paediatric intensive 
care unit (PICU) (17 beds) and neonatology unit (includes 14 
beds for neonatal intensive care unit (NICU) and 40 beds for 
general neonatology).

Antimicrobial stewardship programme
The PRIOAM was implemented in January 2011. It is a 
consensus-formative institutional supported programme which 
includes the following activities: one-to-one educational inter-
views with the prescribers following a structured question-
naire (online supplemental figure 1), monitoring antibiotic 
use and incidence of bacterial resistance in each department, 
update, publication and dissemination of local guidelines for 
the management of the most frequent paediatric infectious 
syndromes (www.guiaprioam.com) and regular meetings 
between the ASP team members (paediatric infectious diseases 
physicians (PIDP), adult infectious diseases physicians, phar-
macy specialists and microbiologists) to discuss microbiology 
results and treatment selection.

Study period
Data obtained between January 2013 and December 2019 (28 
quarters) were included. Data from 2020 onwards were excluded to 
avoid possible interference of COVID-19 pandemic in prescribing 
practices. Study was divided into two periods: pre-intervention 
(from January 2013 to December 2015) and post-intervention 
(from January 2016 to December 2019).

Intervention
In January 2016, activity intensification of the ASP already in place 
was performed. This included the full-time assignment of a PIDP 
to carry out PRIOAM activities and intensification of collabora-
tion with the different paediatric hospital units. Differences in ASP 
activities from the pre-intervention and post-intervention periods 
are summarised in table 1.

Study measures
Study primary outcomes were QOP, AMC and mortality. QOP data 
were obtained directly from educational interviews assessing anti-
biotic treatment appropriateness (indication, dose, spectrum, dura-
tion) according to antimicrobial treatment guidelines adapted to 
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local epidemiology (www.guiaprioam.com) (online supplemental 
figure 1). AMC data were recorded quarterly as defined daily doses 
(DDDs) per 1000 occupied bed days (OBDs) calculated according 
to the Anatomical Therapeutical Chemical classification system,9 

for total antimicrobials (J01+J02) and four groups of key ecologi-
cal antibiotics: anti-pseudomonal cephalosporins (ceftazidime and 
cefepime), carbapenems, piperacillin/tazobactam and vancomycin.

Antimicrobial resistance was assessed as the incidence density 
per 1000 OBDs of hospital-acquired BSIs produced by the six 
most frequent microorganisms (coagulase-negative Staphylococci 
excluded): Escherichia coli, Klebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa, Staphylococcus aureus and 
Candida spp. Strains were classified as multi-drug resistant (MDR) 
or non-MDR according to European definition.10 Mortality rates 
were assessed as the all-cause crude death rate (CDR) as deaths on 
day +14 after BSI diagnosis per 1000 OBDs per quarter.

Potential confounders related to healthcare complexity and 
patients’ medium age changes during the study period were 
assessed (online supplemental table 1).

Statistical analysis
An interrupted time series analysis (ITSA) was performed for each 
variable to estimate changes in the level and trends before and after 
the start of the activity intensification of the ASP.11 We used a gene-
ralised least-squares segmented regression approach with autoregres-
sive moving-average models to account for autocorrelation, using the 
nlme package in R, V.3.5.1 (R Core Team, 2020). To assess whether 
the changes in the outcomes were attributable to the intervention, we 
calculated both absolute and relative effects with 95% CI, as the dif-
ferences between observed changes and estimated values that would 
have been expected 4 years after starting the intervention.12

To assess the robustness of the findings from the ITSA, we also 
performed a joinpoint regression analysis to model trend patterns 
over time and identify significant points of change in the slope of 
each dependent variable time series and assess whether it occurred 
over the same period as the intervention,13 with the Joinpoint 
Regression Program, V.4.7.0.0 (National Cancer Institute, USA), 
accounting for autocorrelation between quarters. Trend segments 
were characterised by the quarterly per cent change (QPC) with 
their corresponding 95% CI. The permutation method was used to 
identify any point in time at which trends changed.

RESULTS
Quality of prescription
Total performed educational interviews between 2013and 2015 were 
424 (median of inadequate treatments: 28% (IQR 26–33%)) com-

pared with 506 educational interviews performed between 2016 and 
2019 (median of inadequate treatments: 22% (IQR 11–30%)).

A change from an increasing pre-intervention trend with a slope 
of 1.6% (95% CI 1.1% to 2.0%) to a decreasing trend (change in 
slope=−3.2%; −3.6% to 2.7%) was observed in the ITSA associated 
with the intervention, leading to a final absolute effect of −51.4% 
(−61.2% to −41.8%) reduction of inappropriate prescribing with 
respect to the expected values according to the pre-intervention 
trend 4 years after the inception of the intervention (figure 1 and 
online supplemental figure 2.1).

AMC according to different areas
No significant change in trend after the intervention was observed 
for the overall AMC. An increasing trend throughout the ASP  
period was found for overall DDD/1000 OBDs: QPC=0.6% (95% 
CI 0.1% to 1.0%) (figure 2A). When analysing AMC per hospital 
area (figure 2B–F), no changes in trend were noted for paediat-
ric wards, haematology, paediatric surgery and PICU. For paedi-
atric wards, an increasing trend throughout the ASP period was 
observed: QPC=1.0% (0.4% to 1.6%). Haematology, paediatric sur-
gery and PICU showed a stable trend throughout the ASP period: 
QPC=0.9% (–0.3% to 2.2%); QPC=0.2% (–0.6% to 1.0%) and 
QPC=0.4% (–0.6% to 1.4%), respectively. As for neonatology, ITSA 
showed a significant downward shift associated with the interven-
tion from a stable pre-intervention slope to a decreasing trend, 
with a final relative reduction of −28.8% (–36.8% to –20.9%) with 
respect to the expected values according to the pre-intervention 
trend (figure 2F, table 2 and online supplemental figures 2.2–2.5).

AMC according to antibiotic group
For the entire paediatric hospital, anti-pseudomonal cephalosporin
consumption showed a significant downward shift, with a final 
effect of −51.2% (−57.0% to −45.4%) reduction with respect to 
the expected values 4 years after the start of the intervention. No 
changes were found for the other key antibiotic groups. Trends were 
observed to be decreasing for carbapenems (QPC=−2.4%; −4.3% to 
−0.4%), increasing for piperacillin/tazobactam (QPC=1.7%; 0.5% 
to 2.9%) and stable for vancomycin (QPC=0.1%; −1.5% to 1.7%), 
throughout the ASP period (table 2). AMC outcomes per group 
and hospital area are summarised in table 2, online supplemental 
figures 2.2–2.9 and 3. All the significant shifts are supported by the 
joinpoint regression analysis identifying the change of slope after 
the evaluated intervention started, except for piperacillin–tazo-
bactam consumption in paediatric haematology, (from increasing 
to stable trend, occurring before the intervention) (online supple-
mental figure 2.8). 

Ecological outcomes
No significant effect was observed in the ITSA for the antimicrobial
resistance variables (table 3, online supplemental table 2 and figure 
4). Healthcare-associated MDR BSI remained stable (QPC=2.1%; 
−0.6% to 4.9%). Overall BSI showed an increasing trend through-
out the whole ASP period (QPC=2.1%; 0.7% to 3.6%).

Mortality
No significant change in mortality was observed in the ITSA 
for the CDR. A decreasing trend throughout all the ASP period 
was observed for overall BSI-related CDR (QPC=−3.6%; −5.4% 
to −1.7%) and for non-MDR BSI-related CDR (QPC=−4.2%; 

−6.7% to −1.7%), whereas MDR BSI-related CDR remained stable 
QPC=−1.0% (−4.9% to 3.0%) (table 3, online supplemental table 
2 and figure 4).

Complexity
Significant increases of extracorporeal membrane oxygenation pro-
cedures in the PICU, kidney transplants and dialysis were observed. 
Medium age per unit showed non-influencing increasing or stable 
trends (online supplemental table 1).  Other studied parameters 
showed a stable trend through the study (online supplemental table 
1). There was an outbreak of extended-spectrum beta-lactamases 
(ESBL) producing K. pneumoniae (ESBL-KP) in the paediatric hos-
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pital (all units included) and of Serratia marcescens in the neonato-
logy Unit, both described in table 1.

DISCUSSION 
Intensification of paediatric ASP activities improved the QOP and 
changed AMC trends reducing anti-pseudomonal cephalosporins 
use. In neonates, ASP reduced overall AMC, especially those with 
high ecological impact (carbapenems, piperacillin/tazobactam 
and vancomycin). Mortality maintained a stable decreasing trend.

Our results contribute to the growing paediatric ASP experi-
ence.4 14–21 Most paediatric ASP studies have proven efficacy by 
means of AMC reduction,4 14–18 20 21 and very few have analysed its 
effect on QOP and clinical variables.4 16 18 19 21 Our study was carried 
out through a prolonged period of time (7 years) in comparison 
to previous studies with a median assessment period of 2 years 
(IQR: 1–2.5).4 16 17 20 21 The intervention had no effect in overall 
AMC, which remained stable through the ASP period for the en-
tire paediatric hospital, except for neonatology, where a significant 
change in trend from stable to decreasing was observed. This may 
be explained by (1) the ongoing effect of PRIOAM which was al-
ready in place since 2011, (2) increased case-mix complexity du-
ring the study period and (3) pre–post ASP initiation situation for 
neonatology.

When analysing AMC by key ecological antimicrobial groups, 
variability of results was a consequence of QOP improvement, 
considering the reported outbreaks of ESBL-KP and S. marcescens. 
Intervention resulted in an overall significant reduction of unne-
cessary anti-pseudomonal cephalosporins use, especially in pae-
diatric wards and paediatric surgery. Subsequently, the increasing 
trend for piperacillin/tazobactam and decreasing trend for carba- 
penems suggest that despite the increase of ESBL-KP infections, 
the first antibiotic was widely used as a carbapenem sparing op-
tion, indicating a positive intervention effect.22 23 Likewise, antimi-
crobial treatment optimisation in neonatology aiming to control 
AmpC-hyperproducer S. marcescens outbreak resulted in cefepime 
consumption increase while significantly reducing carbapenems 
and piperacillin/tazobactam consumption. No major changes in 
the P. aeruginosa resistance profile were observed during the study 
period (online supplemental table 3).

Unfortunately, no comparison assessments can be made with 
other centres, which is a common problem in paediatric ASP re-
ports.4 14–21 There is high variability in the methodology used and 
there are no harmonised quality endpoints, which are urgently re-
quired.1 4 24 Moreover, the optimal metric for aggregate AMC measu-
rement is not yet determined for paediatrics.24–26 While days of 
therapy (DOT) have been replacing DDD as the preferred metric 
for children granted that they are not affected by weight-dosing 
variations, it does not discern between antibiotic spectrum of ac-
tivity.24–26 Some authors have proposed the use of more than one 
metric for paediatric patients, but this seems unpractical on daily 

basis.25 26 Our centre uses DDD as the metric to evaluate AMC in 
both adults and children, but efforts are currently underway to cal-
culate DOT. Some centres have also reported paediatric ASP out-
comes using DDD, and similarly, our results could be influenced 
by weight-dosing variability.14 17 27 Nonetheless, the long-term 
follow-up hypothetically allows an even distribution of weight-
dosing variability, and the changes in AMC trends have a plausible 
explanation other than this confounder.

The high variability observed in AMC in the long-term suggests 
its inexorable link to changes in case-mix complexity, seasonality 
and epidemiology.24 28 Moreover, AMC differences found between 
neonatology and other units suggest that an initial effect on AMC 
reduction is attainable, but there may be a quantifiable limit to that 
effect in time, bound to the mentioned variables. Thus, evaluation 
of ASP in paediatrics should transcend AMC; quality and clinical 
markers still being an unmet need.4 19 24

The few reports analysing QOP use treatment guidelines 
adapted to local epidemiology to define a correct treatment. 
4 19 24 28 29 This is the current gold standard, although existing 
evidence about optimal antimicrobial choice and duration of 
treatment for several infectious syndromes in childhood are 
under review.19,23,30 The preferred method for QOP evaluation 
is the use of point prevalence surveys, but its timing for as-
sessment varies between studies.4 18 19 28 31 The PRIOAM met-
hod performing counselling educational interviews alongside 
prescribers allows QOP real-time data collection, permitting 
the assessment of QOP trends rather than single comparisons 
between evaluation timepoints.3 8 Intensification of paediat-
ric ASP activities showed a positive change in trend with re-
duction of inappropriate prescriptions, outside of AMC vari-
ations. The appointment of a full-time dedicated PIDP was 
important, allowing the expansion of the programme to the 
whole paediatric centre, assessing and counselling antimicro-
bial prescriptions, keeping active education and involvement 
of prescribers, which was key to obtain a successful sustained 
decreasing trend of inappropriate treatments with a median 
value of 21.9%, below from what have been previously repor-
ted (25–50%).4 18 19 28

Continuing medical education in the management of infectious 
diseases, microbiology result interpretation and non-related anti-
microbial procedures to control and prevent infections are key to 
obtain clinical success and are expected to decrease antimicrobial 
resistance and its related mortality like reported in adults.3 8 We 
observed no significant effect of ASP intensification neither for the 
incidence density of MDR BSI nor its related mortality, yet the low 
number of cases may justify these findings (online supplemental 
table 4). Observed trends during the ASP period must be put in 
perspective, as the increase in the incidence density of BSI could 
be related to an improvement in microbiology diagnosis resul-
ting from the educational activities of the programme, above all, 
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considering the reported stable trend in MDR BSI. Like previous 
reports, we obtained a sustained decreasing CDR related to BSI 
throughout the whole ASP period.3 6 18

Our study has certain limitations. This was a single-centre ex-
perience, so small numbers are expected for clinical outcomes. 
The parameter used for AMC was DDD, while for most paedi-
atric studies DOT may offer additional information. There were 
differences in the pre-intervention state between neonatology and 
other paediatric units. As per design, ecological bias is a possibility, 
nonetheless, a detailed analysis of potential confounding factors 
was conducted, not dismissing the possible influence of other un-
controlled confounders. Although the ASP was initiated in 2011, 
this study started in January 2013 since the available data between 
2011 and 2012 referring to the children’s hospital were insufficient 
to be included in the ITSA. The possible positive effect on ASP 
between 2011 and 2012 is therefore not included. The strengths 
of this study rely on its long-term follow-up, the inclusion of all 
paediatric units (including high ecological impact units like sur-
gery, PICU and NICU), and the previous reported experience and 
reliability of the PRIOAM method in non-paediatric population.3 8 
For AMC and QOP, influence of the parallel transmission control 
programmes is not expected, given the nature of the interventions 
related to it (table 1), which could have a potential role on redu-
cing MDR BSI and related CDR. However, no change in trend was 
observed for these parameters.

CONCLUSION 
Intensification of counselling educational activities within along-
term paediatric ASP may optimise AMC and appears to improve 
QOP. No change in decreasing mortality trends was observed. 
Further prospective multicentre studies are needed to harmonise 
and define best paediatric ASP practices and outcome measure-
ment tools.
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RESUMO
Objetivo A maioria dos hospitais do Reino Unido dá alta 
às crianças após uma crise aguda de pieira, aconselhando-
-as a administrar salbutamol regularmente, utilizando um 
regime de desmame de dose fixa. Introduzimos e ava-
liámos a segurança e a eficácia da mudança de prática 
para a utilização de broncodilatadores apenas quando 
necessário, após avaliações de 4 em 4 horas.
Desenho Uma equipa multidisciplinar de profissionais 
de saúde trabalhou com oito famílias de crianças que 
tinham necessitado de tratamento hospitalar devido a 
pieira aguda para desenvolver orientações para a utili-
zação de salbutamol, conforme necessário, após 4 ava-
liações horárias. Os dados sobre o salbutamol utilizados 
com esta abordagem foram comparados com um período 
semelhante do ano anterior.
Resultados Os dados de 103 famílias mostraram uma 
redução de 73% do salbutamol ao dia 1, 69% ao dia 
2 e 50% ao dia 3, em comparação com o que teria sido 
utilizado de acordo com o aconselhamento anterior. 
As famílias consideraram os conselhos fáceis de seguir. 
Verificou-se uma tendência para taxas de reatendimento 
mais baixas no prazo de uma semana, em compara-
ção com as registadas no ano anterior. As pessoas que 
já tinham participado anteriormente preferiram esta 
mudança de prática.
Conclusões Estes dados sugerem que, com informações 
que apoiem a utilização de salbutamol, conforme neces-
sário, após a assistência hospitalar, as crianças podem ser 
geridas em segurança pelos pais/tutores com doses de 
salbutamol muito mais baixas do que as recomendadas 
nos regimes de desmame de dose fixa habitualmente uti-
lizados.

INTRODUCTION 
While paediatric care plans for acute wheeze advise
treating worsening symptoms with salbutamol 
every 4 hours as needed, discharge care plans 
typically advise reducing doses of bronchodilator 
according to predetermined, fixed dose regimes.1,2 

There is no clear discharge advice for salbutamol 
use in national guidelines, but advice that patients 
can be discharged when stable on regular 3–4 
hourly bronchodilators has resulted in many 
hospitals recommending continued use of regular 
bronchodilators after leaving hospital.3 There is no 
evidence to support this practice. We have recently 
changed our local care pathways and assessed the 
safety and efficacy of introducing written informa-
tion to aid parents’ decision-making about the use 
of salbutamol as needed in children aged 1 to < 18 
years.

METHOD
Our development group included eight families 
with children who had suffered from acute wheeze, 
and a multidisciplinary team of healthcare profes-
sionals attending to wheezy children across our 
locality who worked according to guidance for the 
development, implementation, and evaluation of 
safe asthma discharge care pathways.4

Information included a colour-coded flowchart 
advising on 4 hourly assessments and the use of 
incremental doses of salbutamol as needed within 
safety netting margins (figure 1). Age-specific 
instructions for the use of a metered dose inhaler 
(MDI) and spacer were included with links to video 
recordings demonstrating inhaler techniques. A 
table to record salbutamol use and aerosol recy-
cling advice were provided. This change in prac-
tice was signposted across Southampton Children’s 
Hospital with teaching sessions and champions 
with specific responsibilities for change manage-
ment across our organisation.

Data were collected from parents whose children 
had presented to our hospital with an acute episode 
of wheeze and with a discharge diagnosis of acute 
wheeze or asthma. All children had presented with 
wheezing of a severity to have been treated with 
burst therapy or back-to-back nebulisers according 
to our regionally approved Wessex ‘Paediatric Viral 
Induced Wheeze and Acute Asthma Treatment 
Pathways’ as published in the guideline section 
of the PIER website (https://www.piernetwork.
org/wheeze-asthma.html). Parents of children 
receiving the new discharge plan after attending 
our paediatric emergency department or admission 
to hospital wards provided feedback at telephone 
follow-up by paediatric respiratory nurse specialis-
ts within 3–5 days. All changes in clinical practice 
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uThere is little evidence to guide recom-
mendations for the use of bronchodilators 
during the recovery period after hospital 
presentation with acute attacks of whee-
zing.

WHAT THIS STUDY ADDS
uThis service evaluation provides reassuring 

data that children can be safely managed 
with salbutamol as needed without an 
increase in reattendance rates for the same 
episode of acute wheeze. This management 
strategy results in less salbutamol being 
used compared with amounts recommen-
ded in commonly used fixed dose weaning 
regimes.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uAcute hospital services might usefully 
change their policies for treating acute whe-
eze as described. This approach is consistent 
with safe practice and patient preferences.
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were treated for severe asthma in the same 6 months in the year 
before we introduced our new advice. The readmission rate for 
asthma in 2021 was 12.5 per 1000 and following the introduction 
of an ‘as required’ approach it fell to 8.3 per 1000. The OR for re-
admission following the intervention was 0.66 (0.37–1.14), p=0.12 
(table 1). No children reattended more than once within a week 
of their initial attendance with acute wheeze. The number of chil-
dren attending the hospital was less in 2022 among children aged 
>5 years (446 in 2021 vs 247 in 2022). Numbers attending among 
children aged <5 years were similar (571 in 2021 vs 510 in 2022). 
The overall ratio of men to women was 1127/657 (1.71).

DISCUSSION 
Advice for symptom management after acute wheezing attacks using 
as required doses of salbutamol has recently been published by one 
centre and has been recommended in a recent review, but objective 
evaluation of the safety and effectiveness of this approach has not been 
previously reported.5 6 The most recent Cochrane review of educati-
onal interventions for children with asthma recommends that edu-
cation about managing wheezing attacks should be incorporated 
into routine asthma care but highlights the lack of evidence for spe-
cific components.7 Although we have not conducted a clinical trial, 
we believe this evaluation provides evidence that families can safely 
treat their children during the recovery period of acute wheeze with-
out having to follow a predefined weaning regime. It is important to 
note that many of the children included in this study were preschool 
wheezers. Those with a history of recurrent wheezing and red flags 
for suspected asthma were commenced on regular inhaled corticoste-
roids and not treated with short acting bronchodilators alone.

Our data provide evidence that a more measured use of bron-
chodilators after hospital discharge results in less salbutamol be-
ing used. Empowering and supporting families with clear advice 

were approved by the Clinical Governance Board of Southampton 
Children’s Hospital and the subsequent service evaluation of 
these changes was commissioned and approved by the Division 
of Respiratory Paediatrics. Parents who provided feedback at tele-
phone follow-up appointments gave oral consent for the use of the 
information provided for evaluation purposes.

RESULTS
We obtained feedback from 103 families. Based on their reports, 
using salbutamol as required resulted in significant reductions in 
bronchodilator use. Compared with the expected use of salbuta-
mol according to previous fixed dose 4 hourly weaning plans (day 
1: 10 puffs, day 2: 5 puffs, day 3: 2 puffs), significantly lower doses 
were reported (figure 2). Mean estimated dose reductions were by 
73% on day 1, 69% on day 2 and 50% on day 3. Only 13 children 
still required salbutamol after 3 days. Eight visited their General 
Practitioner over the next 2 weeks because of ongoing symptoms. 
In most cases, this was not because of concern about wheeze.

All parents/carers reported that written information was easy 
to follow. Only 23% used the table to record salbutamol use but 
all parents were able to recall the amounts used. All parents of 
children who had previously attended the hospital and been dis-
charged on fixed dose weaning regimes said they preferred the 
new advice and confirmed that it had resulted in using less sal- 
butamol. Those parents who had kept a written record of salbuta-
mol use said they found this useful.

Comparative effectiveness of the new intervention was assessed 
by comparing reattendance rates for a similar group of children 
with a discharge diagnosis of acute wheeze or asthma and who 

combined with respiratory nurse telephone follow up might also 
result in safely decreasing salbutamol use for subsequent wheezy 
episodes. Our reattendance rates to the emergency department 
varied between 0% and 4.7% monthly and are comparable to those 
reported in a study of nurse-led interventions to reduce the use 
of hospital services after acute asthma admissions.8 We suspect 
that the trend towards lower short-term readmission rates did not 
reach statistical significance because of the relatively small num-
bers of children reattending for the same acute episode. Those who 
did reattend were identified by our respiratory nurse specialists for 
follow-up care.

The number of school-aged children attending our hospital with 
wheeze was considerably less in 2022. This might in part have been 
a result of introducing NHS National bundle of care initiatives to 
improve asthma management in our locality. As well as the re-
ported benefits to patients, we also helped achieve important en-
vironmental benefits.9 MDIs contain powerful greenhouse gases, 
accounting for approximately 13% of the NHS’s carbon footprint.10 
Guidelines to safely reduce the use of reliever medication might 
help reduce the UK’s per capita use of short-acting bronchodila-
tors, which is currently treble that of many other European coun-
tries.11 Further studies might usefully confirm our clinical findings 
and explore how the information provided could be made avail-
able on handheld electronic devices for families who are familiar 
with using information in this format.12

An important limitation of this study is that much of the data 
for salbutamol use depended on parental recall with only 23% of 
families using the treatment log to record the treatment given. Re-
assuringly, however, the average doses used among those who did 
keep a written record were very similar to those who did not. 

A potential problem with the use of MDIs is that they do not 
have a dose counter. There is a risk that families who have not kept 
records of the number of puffs of salbutamol used risk ‘running on 
empty’ with up to 100 additional actuations when using a 200 dose 
device.13 This was not an acute risk for our patients because the 
inhalers used for initial burst therapy were given to the families. 
These inhalers would have contained sufficient doses to continue 
treatment at home. Families were advised to count the doses given, 
but there was a risk that using devices for future episodes might 
result in them being used when empty.

In conclusion, these data provide good evidence to support a 
widespread change in practice in all UK centres to as required 

dosing regimes during the recovery phase of acute wheeze after 
hospital discharge. This approach is safe and results in lower doses 
of salbutamol than those recommended in common fixed dose 
weaning regimes.
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RESUMO
Contexto Estudos anteriores concluíram que a exposição 
à poluição atmosférica conduz à exacerbação da asma 
em pacientes adultos e pediátricos e aumenta as admis-
sões nas urgências hospitalares relacionadas com a asma 
(AREHA, do inglês Asma-Related Emergency Hospital 
Admissions)
Métodos Foram recolhidos as AREHA e os níveis de 
poluentes atmosféricos (PM10, PM2,5 e NO2) na Cidade do 
México para o período entre 2017 e 2019. Foi utilizada 
uma abordagem temporal para explorar a relação entre 
os poluentes atmosféricos e as AREHA. Os riscos relativos 
de AREHA foram estimados recorrendo a uma regressão 
binomial negativa em crianças pequenas (com menos de 
5 anos) e adultos (com mais de 18 anos).
Resultados Verificou-se uma associação positiva entre 
as AREHA e PM10, PM2,5 e NO2 em adultos, que se manteve 
após o ajuste mútuo para estes poluentes. O risco relativo 
(RR) de admissão em adultos aumentou em 3% (IC 95% 
de 1% a 4%) num aumento de 10 μg/m3 em PM10, 1% 
(0,03% a 3%) num aumento de 5 μg/m3 em PM2,5 e 1% 
(0,06% a 2%) num aumento de 5 μg/m3 em NO2. Em 
sentido contrário, em crianças pequenas, as AREHA esti-
veram negativamente associadas a PM10 após ajuste para 
NO2 (RR 0,97 (0,95 a 0,99) num aumento de 10 μg/m3 
e com NO2 depois de ajuste para PM10 e PM2,5 (RR 0,98 
(0,96 a 0,99) e 0,97 (0,96 a 0,99), respetivamente, para 
um aumento de 5 μg/m3 em NO2). As AREHA em crianças 
não estiveram associadas a PM2,5 após ajuste para NO2.
Conclusões A poluição atmosférica, durante a semana 
anterior, esteve associada a admissões hospitalares de 
emergência por asma em hospitais públicos de adultos 
na Cidade México. A relação nas crianças foi menos 
consistente. São necessários estudos mais aprofundados 
para explorar o motivo da existência de diferenças entre 
adultos e crianças, de modo a informar intervenções ade-
quadas em prol da saúde pública.

INTRODUCTION 
Asthma is defined as inflammation of the airways 
associated with wheeze, chest tightness, coughing 
and breathlessness.1 Moderate or severe asthma exa-
cerbations, an important health outcome for indi-
viduals with asthma, typically require attendance 
at a hospital emergency department (ED) and/or 
hospital admission.2 Asthma is a leading cause of 
emergency hospitalisation in children aged less 
than 5 years and its prevalence has increased over 
the last 20 years, especially in developing coun-
tries.3 4

Previous research has suggested that outdoor air 
pollution is an established risk factor for asthma 
exacerbations in children5 and adults,6 although the 
evidence remains equivocal.7 Fine particulate mat-
ter (PM2.5), coarse particulate matter (PM10) and 
nitrogen dioxide (NO2) are widely used by interna-
tional bodies as indicators of air pollution.8 Several 
previous studies from a range of different settings 

have reported that higher levels of PM2.5, PM10 and 
NO2 are associated with poor respiratory health in 
both children and adults and are positively associ-
ated with asthma-related ED visits.7 9–11 However, 
a systematic review and meta-analysis concluded 
that PM2.5 and NO2, but not PM10 show significant 
associations with asthma exacerbations.12

Previous work has also demonstrated the role of 
meteorological factors in exacerbations of asthma. 
For example, it has been reported that asthma ad-
missions increase in cold temperatures13 14 and both 
high and low humidity are associated with an in-
crease in asthma admissions.15

A recently published study demonstrated that 
respiratory health (defined as respiratory ED visits) 
was associated with levels of PM2.5, O3 and NO2 in 
Mexico City in the period 2010-2015.16 The aim of 
this study was to explore the relationship between 
PM2.5, PM10 and NO2 and asthma-related emergen-
cy hospital admissions (AREHA) for children aged 
less than 5 years and adults aged greater than 18 
years, in Mexico City between 2017 and 2019. This 
was of particular interest in the context of city-wide 
interventions to improve air quality (AQ), inclu- 
ding the recent introduction of a health-based AQ 
index to communicate information on levels of 
pollution to the population, to explore if this rela-
tionship still persisted. 
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Key messages

What is the key question?
uGlobally measures are being implemented 

to reduce air pollution in cities due to its 
negative impact on the respiratory health 
of the population. Mexico was previously 
identified as the most polluted city in the 
world and interventions to improve air 
quality have been implemented over the 
past 30 years. Previous work found that 
ambient PM2.5, O3 and NO2 were associa-
ted with emergency asthma admissions in 
Mexico City in 2010-2015.

What is the bottom line?
uThis study demonstrated that in the period 

2017-2019 levels of air pollution remain 
associated with emergency asthma admis-
sions in adults in Mexico City.

Why read on?
uThis study shows that despite improve-

ments in air quality as a result of interven-
tions put in place in Mexico City further 
air quality improvements are needed.
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and permissions. Published 
by BMJ.

METHODS
Study location
Mexico City is the capital and largest city in Mexico, situated at an 
average altitude of 2240 m above sea level. It is also the most dense-
ly populated city in North America with a population of 21 828 
944 and a high population density of 2559.8 inhabitants per km². It 
was once the most polluted city in the world. Mexico City’s Metro-
politan Environmental Commission implemented several policies, 
under two programmes (Comprehensive Programme Against Air 
Pollution: PICCA, 1990–1995; and ProAire, from 1995) aimed at 
reducing air pollution. For example, since 1990 catalytic conver-
ters have been required in new cars, cleaner unleaded fuels have 
been widely distributed, natural gas has been substituted for heavy 
oil in industry and power plants, liquefied petroleum gas has been 
reformulated for residential use, driving restrictions within the 
city were strengthened in 2006 and the public transport infrastruc-
ture was improved with the introduction of the Metrobus system 
that uses environmentally friendly buses, which also began in 
2006. Data from Mexico City’s automatic atmospheric monitoring 
network suggests that these measures have reduced air pollution 
levels by 58% by 2017.17 Despite this significant improvement in 
AQ, current PM2.5, PM10 and NO2 levels are frequently found to ex-
ceed Mexican AQ standards.18 The Ministry for the Environment 
in Mexico City continues to take public health measures to reduce 
the impact of pollution on health, including the recent introduc-
tion of a health-based AQ index to communicate information on 
levels of pollution to the population.16 It is anticipated that this 
information tool will encourage the population to take measures 
to reduce their exposure to air pollution when it is indicated that 
levels are high.

AQ indicators and meteorological data 
Ambient ground-level concentrations of PM2.5, PM10 and NO2 
were obtained fromten fixed-site AQ monitoring stations in 
different geographical areas across Mexico City from the auto-
matic atmospheric monitoring network (RAMA).17 All measu-
rements were taken by precision AQ monitoring equipment 
with quality assurance and quality control protocols for data 
sampling, analysis and calibration. Daily average concentra-
tions were calculated from data downloaded at hourly inter-
vals. The monitoring sites included were selected because they 
provided data from across Mexico City for at least 80% of the 
days and time period covered.

Humidity and temperature data were obtained from the Mexico 
City meteorological network stations for the period 2017–2019.19 
The climate in Mexico City is temperate, with a wet season in sum-
mer, from May to October.

AREHA data
Data on all public hospital admissions in Mexico City during the 
period 2017–2019, including age, sex and International Classi-
fication of Diseases (ICD-10) code for diagnosis were obtained 
from the Registry Department of the Instituto Mexicano del Se-
guro Social (IMSS). Cases with a primary diagnosis of asthma 
(ICD-10 J45 and J46) were included in the study. The IMSS is the 
largest health institution in Mexico, and covers 42.4% of the po-
pulation of Mexico City.20 All the IMSS Hospitals of the Greater 
Valley of Mexico were included in the present analysis. Records 
of daily AREHA were available for the study period. 

Statistical analysis
Descriptive statistics (means or medians, as appropriate) were pro-
duced to summarise the number of admissions during the study 
period and average PM2.5, PM10, NO2 and selected environmental 
variables. As the number of admissions was not normally distri-
buted, Spearman correlations were calculated to explore the rela-
tionship between these and the AQ and environmental variables. 
We conducted an ecological time series study. Time series analysis 
was conducted using generalised linear models with negative bino-
mial (type II) regression, to take account of overdispersion of the 
data,21 while allowing model comparison using Akaike Informa-
tion Criterion (AIC). The method was adapted from that described 
by Tadano et al.22 Mean daily relative humidity, wind speed, tem-
perature and season (calendar day) were controlled for using a 
smooth function in the analyses. In addition, day of the week and 
public holidays were controlled for. Relative risks of an AREHA 
associated with a 10 unit increase in PM10, and a 5 unit increase 
in PM2.5 and NO2 were calculated. In addition, relative risks for an 
IQR increase in the pollutants were calculated. Lag times of 0–7 
days were considered. The AIC was used to identify the best-fitting
model. The best fitting model was identified as that with the lowest 
AIC. Multipollutant models were used to study the effect of adjust-
ing for the other pollutants on hospital admissions. Due to colline-
arity (variance inflation factor>4) in regression analysis between 
PM10 and PM2.5 in children each of these pollutants were adjusted 
only for NO2 in separate two pollutant models.
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Analyses were conducted separately for adults (aged>18 years) 
and for children aged 0–4 years. This group of young children was 
studied because of their high asthma prevalence and increased risk 
of asthma-related hospitalisation.3

All analyses were conducted in Stata V.17.23 A p value of <0.05 
was used to indicate statistical significance.

RESULTS
A total of 50 723 AREHA (41 787 adults and 8936 children) were 
recorded in the period 2017–2019. The median number of ARE-
HA per day was 7 in children and 35 in adults (table 1).

Table 2 shows descriptive data for the pollutants considered in 
this study and for meteorological variables. Recommended 24-
hour thresholds (online supplemental table S1) were exceeded for 
the vast majority of days during the study period for PM2.5 and 
NO2 (81% and 97%, respectively). PM10 thresholds were exceeded 
on 44% of days during this period.

Daily emergency hospital admissions for asthma showed a clear 
seasonal pattern, with a greater number of cases recorded in the 
cold season (October–February) (figure 1). The median number of 
cases recorded per day in the cold season was 58 compared with 
35 and 37 in the rainy and hot seasons, respectively (p<0.001). Sea-

sonal patterns in PM10, PM2.5 and NO2 were also apparent. Mean 
daily PM10 concentrations were highest in the cold season and 
lowest in the rainy season (June–September). Mean daily PM2.5 
concentrations were lowest in the rainy season and consistently 
higher between November and May. The pattern for NO2 was simi-
lar to that for PM10 (figure 1).

Daily asthma admissions were positively correlated with PM10 
and NO2 concentrations in both adults and children. However, 
PM2.5 was positively correlated with asthma admissions in adults 
only. Mean wind speed was negatively associated with asthma 
admission in both adults and children. Mean temperature and 
humidity were negatively associated with asthma admissions in 
adults, but not in children (table 3).

The AIC values for models with 1–7 day lags indicated that in 
adults the model with the effect of a 1-day lag fitted the data best 
for PM10 and for PM2.5 the best fitting model had a 2-day lag. For 
NO2, the best fitting model was that with a 6-day lag. In children, 
the model with a 6-day lag was the best fitting model for PM10 and 
PM2.5 and for NO2 the best fitting model had a 5-day lag (online 
supplemental table S2).

Statistically significant increased relative risks of asthma admis-
sions were found in the single pollutant models for increased PM10, 
PM2.5 and NO2 in adults. The relative risk (95% CI) for an increase 
of 10 μg/m3 in PM10 was 1.04 (1.02, 1.05) and for an IQR increase 
was 1.10 (1.06–1.14) (table 4). For PM2.5 the relative risk (95% CI) 
of an asthma-related hospital admission was 1.03 (1.02 to 1.04) 
and 1.06 (1.04 to 1.09) for a 5 μg/m3 and IQR increase, respectively. 
The figures for NO2 were 1.02 (1.01 to 1.03) and 1.06 (1.03 to 1.09).

Statistically significant decreased relative risks of asthma admis-
sions were found for increased PM10, PM2.5 and NO2 in children 

aged less than 5 years (0.96 (0.94 to 0.98), 0.98 (0.96 to 0.99) and 
0.97 (0.96 to 0.99), respectively) (table 4).

Results from the analysis with mutual adjustment for the pollu-
tants are shown in table 5 (adults) and tables 6A and 6B (children). 
The associations between the pollutants and asthma-related hospital 
admissions observed in the single pollutant models remained sta-
tistically significant in the adjusted models for PM10, PM2.5 and NO2 
in adults. Relative risks (95% CI) of 1.03 (1.01 to 1.04), 1.01 (1.00 
to 1.03) and 1.01 (1.01 to 1.02) for a 10 μg/m3 in PM10 increase in 
PM10 and a 5 μg/m3 in PM2.5 and NO2 respectively, were found, sug-
gesting an independent effect of these pollutants on asthma-related 
admissions. In children, after adjustment for NO2, PM10 remained 
statistically significantly negatively associated with asthma-related 
admissions (relative risk (95% CI): 0.97 (0.95 to 0.99) for a 10 μg/
m3 increase) and NO2 remained statistically significantly negative-
ly associated with asthma-related admissions after adjustment for 
PM10 (0.98 (0.96 to 0.99) for a 5 μg/m3 increase). PM2.5 was no longer 
statistically significantly associated with asthma-related admissions 
after adjustment for NO2, although NO2 remained statistically sig-
nificantly negatively associated with asthma-related admissions 
(relative risk (95% CI): 0.97 (0.96 to 0.99) for a 5 μg/m3 increase) 
after adjustment for PM2.5. Relative risks associated with an IQR in-
crease in each of the pollutants are shown in table 4 (single pollutant 
model) and table 6A, table 6B (two-pollutant models).

DISCUSSION
Main findings
The main findings of this study suggest that, in Mexico City in re-
cent years, risk of hospital admission for an exacerbation of asth-
ma in adults, aged over 18 years, increases with increasing ambient 
levels of PM2.5, PM10 and NO2. The relationship between these pol-
lutants and hospital admissions for asthma in children (aged less 
than 5 years) was less clear. A negative and statistically significant 
relationship between PM10 and NO2 and asthma-related admis-
sions was observed in both single pollutant analysis and after ad-
justment for the other pollutants. A negative association between 
asthma-related admissions and PM2.5 was found when this pollu-
tant was considered separately. This relationship was no longer sta-
tistically significant after adjustment for NO2.

Models using different lag days were found to best fit the data for 
different pollutants and for children compared with adults. This 
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was particularly notable for NO2, where a 6-day lag was identified 
as providing the best fit in adults compared with a 1-day and 2-day 
lag, respectively, for PM10 and PM2.5. For children, the relationship 
between ambient NO2 and asthma-related admissions differed ac-
cording to lag days. However, a comparison of results from the 
best fitting model (5 lag days) and the next best fitting model (6 lag 
days), based on AIC, has very similar findings.

Exposure to airborne pollutants is well established as contribu-
ting to poor health, including increased hospital admissions and 
emergency room visits for patients experiencing respiratory symp-
toms and exacerbation of chronic respiratory diseases.24 Our find-
ings in adults are consistent with those reported in other settings. 
There is a large body of evidence from studies conducted in a range 
of settings that asthma-related hospital visits increase as levels of 
particulate matter and NO2 increase.7 25–29

Albalawi et al reported that ambient levels of PM2.5, PM10 and 
NO2 were associated with asthma-related visits to the ED inde-
pendently of one another in Jubail Industrial City in Saudi Ara-
bia.30 In Albalawi’s study, data on all age groups were combined, 
in contrast to the present study in which young children and 
adults were considered separately, so a comparison with our find-
ings in young children is not possible. However, these findings are 
broadly consistent with our findings in adults. A systematic review 
and meta-analysis published in 2015 found a significant positive 
association between PM10, PM2.5 and NO2 with asthma-related 
emergency visits or hospitalisations for all ages.31 In contrast, a 
2017 systematic review and meta-analysis concluded that PM2.5 
but not PM10 was associated with asthma exacerbations in both 
children and adults.12 This conflicts with our finding that NO2, but 
not PM2.5 nor PM10, was positively associated with asthma admis-
sions in young children. A possible explanation for this is that we 
considered only asthma-related hospital admissions, while stu- 
dies included in these systematic reviews included asthma-related 
emergency visits and asthma exacerbations.

Also in contrast to our findings, a study of ambient air pollut-
ants and asthma-related hospitalisations in Hong Kong, inclu-
ding almost 70 000 admissions over a 5-year period, found that 
the relative risk of admission as PM2.5 and PM10 increased was 
slightly higher (1.024 compared with 1.018 for PM2.5 and 1.023 
compared with 1.014 for PM10) in children (aged 0–14 years) 
than in adults aged 15–65 years.32 Other studies in children have 
reported similar findings of a positive association between ambi-
ent PM10

33–36 and PM2.5
35 37 and asthma admissions. In our study, 

we included only children aged under 5 years, which raises the 
possibility that, in this group of very young children, the rela-
tionship between particulate matter and asthma exacerbation 
does not exist. Silverman found that age was important in terms 
of risk of asthma-related hospital admissions associated with AQ 
in children, and that children aged 6–18 years have the highest 
risk.38 This might help to explain the lack of or inverse association 
we found in children as we focused only on children aged less 
than 5 years in the present study, due to the high and increasing 
levels of asthma and related hospital admissions in this group. 
We cannot, however, discount the possibility that we did not ob-
serve a relationship between PM2.5 and asthma admission in chil-
dren aged less than 5 years because statistical power was limited 
due to fewer hospitalisations in this group nor that unmeasured 
confounders masked this relationship.

The recent introduction of a health-based AQ index to commu-
nicate information on levels of pollution to the population16 might 
also account for the lack of association between fine particulate 
matter and paediatric asthma admissions. It is possible that pa-
rents are acting on the information provided on pollution levels 
within Mexico City and taking measures to limit their young chil-
dren’s exposure to pollution, for example, by keeping them indoors 
during periods when pollution is high. It could be speculated that 
adults are less able to avoid exposure due to the need to be out-
doors for work, travel to work and other commitments. This is an 
important area for future research to address.

Previous studies of the association between ambient NO2 and 
paediatric asthma-related hospital admissions have generally pro-

vided evidence that admissions increase with increasing levels of 
NO2, although the association has not always been as consistent as 
in our analysis. Samoli et al, for example, reported a non-statisti-
cally significant association between increasing levels of NO2 and 
asthma admission in 0–14 year olds in Athens, Greece,33 although 
others have reported that a significant association does exist.34 37

Mexico City was once the most polluted mega-city worldwide, 
although improvements in AQ have been achieved in recent years, 
pollutant levels still frequently exceed Mexican AQ standards.18 
This is not unexpected, given that the impact of measures to re-
duce air pollutants is typically seen on long-term pollutant con-
centrations, rather than on peaks. We found that asthma-related 
hospital admissions were higher in the cool, dry season in Mexico 
(November to February), which corresponds to the time of year 
when AQ is at its worst, reinforcing the need for continued action 
to address this.

Strengths of this study
The major strengths of this study are that we included data on 
AREHA to public hospitals in Mexico City during the period 
of interest and obtained precise data on AQ from monitoring 
equipment across the city that is consistently subject to strict 
assurance and control procedures. The AREHA data were ob-
tained from the IMSS, which is the largest Health Institution in 
the country, and covers over 40% of the population of Mexico 
City. The strength of this is that individuals covered by IMSS 
are guaranteed access to treatment. The costs of medical care 
are paid directly by employers, meaning individuals are not de-
nied care if they cannot pay. It must be noted, however, that a 
substantial proportion of the population receive their care out-
side this system and would not therefore be included in our 
analyses. It is possible that these individuals differ systemati-
cally from those who do receive care within the IMSS system, 
raising the possibility that our findings are not generalisable to 
the wider population of Mexico City.

Limitations of this study
Despite the high-quality data available on both pollutants and hos-
pital admissions, our study is subject to some limitations. As with 
other similar studies, the ecological nature of the study means that 
information on individuals’ exposure to pollutants and subsequent 
asthma exacerbation is not available. In addition, data on characte-
ristics of individuals who were admitted to hospitals, such as occupa-
tion and other potential confounders, were not available for inclusion 
in our analyses. We did not include children aged 5–17 years in our 
study and focused on those aged less than 5 years and those aged 
greater than 18 years. The reasons for this are that children under 5 
years of age are the population most susceptible to their lung capacity 
being compromised as a result of exposure to environmental pollu-
tion39 and it has been demonstrated that those over 18 years of age 
require the greatest steroid use and experience the highest number 
of hospitalisations for asthma exacerbations, due, in part, to comor-
bidities, such as obesity and smoking.40 In addition, in this study we 
did not differentiate between first and subsequent admissions. This is 
important as it is known that allergic factors are strongly associated 
with initial asthma admissions in children, but in adults the effect of 
environmental factors is more important at initial admission.41

The possibility exists that, although we included a large proportion 
of the adult population in our study, we had a smaller sample size 
for children under 5 years of age. This raises the possibility that the 
lower number of cases meant we lacked statistical power to detect 
associations in this age group.

Finally, our approach to analysis, in which pollutants were mutu-
ally adjusted for each other, while consistent with previous literature 
in this area and facilitating comparison, may not enable the effects 
of individual pollutants to be disentangled sufficiently due to their 
being correlated with one another.

CONCLUSIONS
This study of the relationship between air pollution and asth-
ma-related hospital admissions in Mexico City indicates that 

ambient levels of NO2 are associated with an increase in asth-
ma-related admissions in both adults and young children and 
that PM2.5 and PM10 levels are associated with asthma-related 
admissions in adults. These findings demonstrate the impor-
tance of continuing to implement measures to improve AQ and 
ways to minimise the impact of air pollution on the population’s 
health in Mexico City. Since being identified by the United Na-
tions as the world’s most polluted city in 1992, improvements in 
AQ have been observed following the implementation of a wide 
range of measures including the introduction of low-emission 
transport zones, promotion of cycling and introduction of con-
gestion charges. Today, Mexico is ranked as the 917th most pol-
luted city. It is essential that work to improve AQ continues to 
reduce the global health burden associated with air pollution. 
It is imperative that the impact of interventions to improve AQ 
on pollutant levels is monitored and that research is underta-
ken to study if this translates into lower rates of asthma related 
hospital admissions. We suggest qualitative work to explore the 
barriers and motivators to individuals changing their behaviour 
in response to warnings of high pollutant levels being issued 
would be valuable.
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RESUMO
Contexto Os ensaios e as diretrizes sobre a asma não 
distinguem frequentemente entre adolescentes e crian-
ças mais novas. Utilizando um grande conjunto de dados 
ingleses, avaliámos o impacto da idade nas característi-
cas, tratamento e exacerbações da asma.
Métodos Os registos médicos dos cuidados primários, de 
2004 a 2021, foram associados aos registos hospitalares. 
As crianças foram classificadas por idade no momento 
do diagnóstico e seguidas até ao escalão etário seguinte. 
As idades (com base nas diretrizes de gestão) foram 5-8 
anos, 9-11 anos e adolescentes (12-16 anos). As carac-
terísticas avaliadas incluíram o índice de massa corporal, 
alergias e eventos antes e depois do diagnóstico (sinto-
mas, medicação). Foi calculada a incidência de exacerba-
ções. A análise multivariada de riscos proporcionais de 
Cox determinou as associações com as exacerbações.
Resultados Foram elegíveis 119 611 crianças: 61 940 
(51,8%) de 5-8 anos, 32 316 (27,7%) de 9-11 anos e 25 
355 (21,2%) adolescentes. Várias características diferiram 
consoante a idade; as crianças com idades entre os 5 e 8 
anos apresentaram a maior proporção de eczema, alergia 
alimentar/fármacos e tosse, mas os adolescentes apresen-
taram a maior proporção de excesso de peso/obesidade, 
sensibilização a aeroalergénios, dispneia e utilização 
exclusiva de beta-agonistas de curta duração. As taxas 
de exacerbação foram mais elevadas nas crianças mais 
novas (por 100 pessoas-ano (IC 95%): 5-8 anos =13,7 
(13,4-13,9), 9-11 anos =10,0 (9,8-10,4), adolescentes 
=6,7 (6,5-7,0)). Os fatores de risco de exacerbação tam-
bém diferiram consoante a idade; 5-8 anos: sexo mas-
culino, eczema e alergia a alimentos/fármacos estiveram 
fortemente associados, mas para crianças ≥9 anos, a 
obesidade e a sensibilização a aeroalergénios estiveram 
fortemente associadas. Para todas as crianças, a privação 
socioeconómica mais elevada foi significativamente asso-
ciada à ocorrência de uma exacerbação.
O diagnóstico tardio foi mais comum em crianças com 
idades entre os 5 e 8 anos e esteve associado a um 
aumento das exacerbações em todas as idades.
Conclusão As características de base das crianças e as 
taxas de exacerbação variaram consoante o seu grupo 
etário. As diretrizes clínicas devem considerar a idade 
no momento do diagnóstico de forma mais discreta do 
que o intervalo alargado de 5-16 anos, uma vez que a 
idade parece ter impacto na gravidade e no tratamento 
da asma.

INTRODUCTION
School-age asthma is common, with a prevalence of 
around 7% in the UK.1 Some studies have reported 
differences in patient characteristics and comor-
bidities depending on the age of asthma onset.2–5 
However, these studies have focused either solely 
on children compared with adults, or ‘early-onset’ 
as compared with ‘late-onset’ asthma.3–6 The effect 
of age at diagnosis within the broad range included 
in school age (usually 5–16 years) has not been as-
sessed. The age of onset (childhood or adult) influ-
ences the natural history and disease progression of 
asthma2 5 and may also influence outcomes within 

the childhood period. Critically, there is a huge pe-
riod of growth and development within this window 
which is likely to impact both pathophysiology and 
psychosocial factors determining asthma manage-
ment. Although most children have mild–moderate 
disease, many suffer from asthma exacerbations re-
quiring oral corticosteroids and/or hospital admis-
sions.1 Real-life data on the incidence rate and risk 
factors for asthma exacerbations among children 
stratified by age are limited,4 7 although key risk fac-
tors such as atopy and obesity have been proposed to 
play different roles depending on the child’s age.8 We 
therefore hypothesised that age during childhood 
influences asthma characteristics at diagnosis, sub-
sequent asthma management, and exacerbation risk 
and risk factors. To address this hypothesis, we used 
a large nationally representative cohort of children 
with asthma.

METHODS
Data source
The cohort was selected using primary care elec-
tronic healthcare records which were obtained 
from the Clinical Practice Research Datalink 
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Key messages

What is the key question?
uThe age at onset is known to impact the 

natural history of asthma and proceeding 
management; management of preschool 
children (aged 1–5 years) is distinct to 
school age (6–16 years), we sought to 
determine if discrete ages within school 
age also influence management and out-
comes.

What is the bottom line?
uThis study informs clinicians about the 

impact of age at asthma diagnosis for scho-
olchildren, as it was associated with mana-
gement risk factors and exacerbation risk.

u The youngest children (5–9 years) were 
most likely to have a delayed diagnosis and 
were at greatest risk of exacerbations; ado-
lescents (12–16 years) were most likely to 
have suboptimal pharmacological mana-
gement.

u Although high body mass index (BMI) was 
a major exacerbation risk factor, BMI was 
not measured in over a third.

Why read on?
uYounger school-age children and adoles-

cents should not be considered as a homo-
geneous group in clinical guidelines and 
trials.
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and permissions. Published 
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(CPRD). The CPRD is the largest longitudinal healthcare data-
base worldwide; it is broadly representative of the UK population 
and includes over 19 million patients.9 Hospital admissions and 
accident and emergency (A&E) visits to English hospitals were 
obtained from Hospital Episode Statistics data; mortality data 
were obtained from Office for National Statistics death registra-
tion data.9

Study population and study design
The study population included patients identified between January 
2004 and January 2021. Children were eligible to enter the study 
if they were aged 5 years or older, had continuous registration in a 
CPRD-linked general practice and had two validated asthma codes 
within 2 years and at least 1 year of data prior to study entry, and at 
least 1 year of data after diagnosis (figure 1 and online supplemen-
tal table E1).10 Follow-up was censored at the first date of reach-
ing the end of their assigned age bracket, the end of the study (1 
January 2022) or the end of their data collection. Asthma diagnosis 
date was defined as the first recorded asthma code within their 
general practice. The cohort was categorised into age groups based 
on UK asthma management guidelines11 which include children 
(5–12 years), which we further arbitrarily divided into: 5–8.9 years 
and 9–11.9 years, and adolescents, defined as 12–15.9 years old.

Characteristic variables
Body mass index (BMI) was categorised using percentiles and z 
score as ‘normal weight’, ‘overweight’ and ‘obese’; z scores were 
derived using 1990 UK data and converted according to WHO 
cut-offs.12 Indices of multiple deprivation (IMDs), as calculated 
by the English government, provide a relative score of socioeco-
nomic deprivation; for this study we used the score categorised 
into quintiles, with level 5 considered as the most deprived area.13 
Smoking status was considered for the children aged 12–15.9 years 
and categorised as ’smoker’ or ‘never smoker’; passive smoke expo-
sure was considered for all children (online supplemental tables E2 
and E3). Three atopy variables were included: ‘aeroallergen sensi-
tisation’, defined as receiving a code for allergic rhinitis, or allergy 
to pets, pollen or house dust mites (although information on how 
that diagnosis was obtained was not available); ‘food/drug allergy’, 
defined as receiving a code for allergy to food or drugs; or ‘eczema’ 
(online supplemental table E4). Reported respiratory symptoms 
were measured in the year prior to diagnosis, including cough, 
wheeze/chest tightness or dyspnoea.

An asthma exacerbation was defined as general practitioner 
(GP)-managed (short course of oral corticosteroids (OCS)) or 
hospital-managed (A&E visit or hospital admission for asthma, 
using International Classification of Disease (ICD)-10 codes J45 
and J46; A&E data, using a specific asthma code (diagnosis 251), 
was only available from 2015 onwards).4 Exacerbations were cate-
gorised as either ‘at the time of diagnosis’, arising 30 days before or 
on the day of diagnosis, or as ‘post-diagnosis exacerbation’, arising 
any time after asthma diagnosis.

Asthma medications included short-acting beta-agonist (SABA), 
inhaled corticosteroids (ICS) and add-on medications: long-acting 
beta-agonist or leukotriene receptor antagonist (LTRA). The dose 
of each ICS-containing inhaler was classified, using budesonide 
equivalence, as very low (≤200 μg/day), low (200–400 μg/day), 
medium (>400–800 μg/day) or high (≥800 μg/day). Courses of 
OCS were also recorded for the year before receiving a formal 
asthma diagnosis by the child’s GP practice. 

Statistical analyses
Baseline data were presented as percentages, or medians and IQR. 
For ease of clinical interpretation, postdiagnosis asthma medica-
tions were described as percentages within a fixed 2-year follow-
up, therefore only children with at least 2 years of follow-up were 
included in that analysis. Asthma exacerbations were described 
using incidence rates and displayed using Kaplan-Meier graphs for 
time to first exacerbation. The association between the first asthma 
exacerbation and patient characteristics and prior management 
was estimated using multivariable Cox proportional hazards mo-
dels. Proportional hazards assumption were not violated, as con-
firmed by plotting the Schoenfeld residuals. All variables included 
were considered a priori to be risk factors. Two models were con-
ducted, in Model 1, only baseline characteristics were simultane-
ously included: gender, age at diagnosis, IMD, BMI, smoking, aero- 
allergen sensitisation, food/drug allergy and eczema. In Model 
2, additional prediagnosis covariates were added: symptoms, ICS 
prescriptions, OCS prescriptions and exacerbations at the time of 
diagnosis. Due to the large number of missing values for the BMI 
variable, a ‘missing’ BMI stratum was applied to the main models 
to determine if there was any impact from having missing BMI. In 
addition, a sensitivity analysis was conducted, excluding BMI from
the models. An additional sensitivity analysis was conducted, in-
cluding all exacerbations as the outcome, not just the first one: the 
Andersen-Gill extension to the Cox proportional hazards model 
was used. All analyses were conducted in Stata V.17 (StataCorp, 
College Station, Texas, USA).

RESULTS
Patient characteristics at the time of diagnosis
The total number of children included in the study was 119 611. 
Of these 61 940 (51.8%) received an asthma diagnosis between 
ages 5–8.9 years, 32 316 (27.7%) between ages 9–11.9 years and 
25 355 (21.2%) during adolescence (12–15.9 years). The young-
est had the lowest proportion of girls (41.8%) and the adolescents 
had the highest proportion (54.7%) (table 1). The percentage of 
children with aeroallergen sensitisation increased with age, 14.0% 
in the 5–8.9 years group, to 21.4% of adolescents. The proportion 
of children with eczema was highest in the youngest group and 
decreased with age, 37.3% in the 5–8.9 group to 33.0% of adoles-
cents. The proportion that was overweight/obese increased with 
age, approximately 1 in 5 adolescents as compared with 1 in 10 of 
the youngest children (5–8.9 years), however, nearly 40% of the 
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whole cohort did not have a recorded BMI. Regarding socioeco-
nomic deprivation, the largest proportion, 24.0%, fell within the 
most deprived quintile across all ages. Ten percent of adolescents 
reported smoking but a surprisingly low proportion, under 3%, 
had recorded passive smoking in all age categories.

Of the whole cohort, 4.4% received their asthma diagnosis at 
the time of, or straight after, being treated for an exacerbation; the 
highest proportion were in the youngest group (approximately 6% 
in the 5–8.9 years group, 4% in the 9–11.9 years group and 3% of 
adolescents; table 1).

Respiratory symptoms in the year before diagnosis
Cough was the most common symptom and was most pre-
valent in the youngest children (5–8.9 years group: 39.9%, 
9–11.9 years group: 31.9%, adolescents: 26.5%; table 1). 
Wheeze/chest tightness was also most common in the 
younger children (5–8.9 years group: 13.9%, 9–11.9 years 
group: 11.0%, adolescents: 9.5%). Adolescents were more 
likely to attend the GP with dyspnoea than were younger 
children (5–8.9 years group: 4.8%, 9–11.9 years group: 8.5%, 
adolescents: 11.6%).

(figure 2 and online supplemental table E5). The youngest group 
was most likely to be prescribed an ICS inhaler but nearly a 
quarter of adolescents were not prescribed ICS ever during the 
first 2 years (online supplemental table E6). Adolescents were 
also most likely to be prescribed SABA only for the duration of 
the first 2 years (5–8.9 years group: 12.7%, 9–11.9 years group: 
18.1%, adolescents: 19.8%); 42% of adolescents managed with 
SABA alone were prescribed ≥3 SABA and 17% ≥5 SABA. Of 
those prescribed ICS, most were prescribed very low or low 
dose ICS, although up to one in six adolescents were prescribed 
medium dose ICS (5–8.9 years group: 4.0%, 9–11.9 years group: 

OCS and unscheduled hospital visits prediagnosis
Children in the 5–8.9 years group were most likely to be pre-
scribed OCS (5–8.9 years group: 6.9%, 9–11.9 years group: 4.2%, 
adolescents: 3.0%) or have an unscheduled hospital visit coded for 
‘asthma’ (5–8.9 years group: 1.8%, 9–11.9 years group: 0.8%, ado-
lescents: 1.2%) in the year before receiving an asthma diagnosis 
within their GP practice (table 1).

Asthma medication in the first two years after diagnosis
Over 95% of all children were prescribed at least one asthma 
medication during the first 2 years after their recorded diagnosis 
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7.7%, adolescents: 16.3%; figure 2 and online supplemental table 
E5). Of those children that had an exacerbation postdiagnosis, 
21% were not prescribed an ICS before or including ≤1 month 
after the exacerbation.

Exacerbation incidence
The youngest age group, 5–8.9 years, were the most likely to exa-
cerbate (figure 3). The incidence rate fell with increasing age (5–8.9 
years group =13.7 per 100 person-years (95% CI 13.4 to 13.9, 
p<0.001), 9–11.9 years group =10.0 per 100 person-years (95% CI 
9.78 to 10.4, p<0.001), adolescents =6.7 per 100 person-years (95% 
CI 6.5 to 7, p<0.001; online supplemental table E7)).

Exacerbation risk factors
In Model 1 (including characteristics and demographics), in the 
5–8.9 years group, factors significantly associated with exacerba-
tions were being male, having eczema and food/drug allergy; in 
the 9–11.9 years group, the factors were being male, obese, and 
having aeroallergen sensitisation and eczema; in adolescents, the 
factors were being overweight, obese and having aeroallergen 
sensitisation (figure 4, online supplemental tables E8,9). In all age 
groups, higher levels of socioeconomic deprivation were signifi-
cantly associated with an increased risk of an exacerbation.

In Model 2 (additionally including events in the year prediag-
nosis), across all ages there was a strong association between exa-
cerbations and receiving asthma treatment prediagnosis (multiple 
ICS prescriptions and a single OCS prescription) and unscheduled 
hospital visits for asthma (figure 5 and online supplemental tables 
E10,11). Reporting of dyspnoea was associated with an increased 
risk of exacerbations in the youngest age group but reduced the 
risk in those 9 years old and above.

In the sensitivity analyses, excluding BMI, there was negli-
gible difference to effect estimates. There was also very little 
difference in baseline characteristics between the children with 

and without BMI measurements (online supplemental table 
E12). In a model, including all exacerbations as the outcome, 
there were negligible differences to the effect estimates except 
a slight increase HR for prior exacerbation variables (online 
supplemental table E13).

DISCUSSION
In this large population-based real-world cohort, we have found 
that age influences children’s characteristics at the time of their 
diagnosis, their subsequent management, exacerbation rates and 
exacerbation risk factors. Younger children, 5–8 years, were at the 
highest risk of having an exacerbation and of receiving a delayed 
asthma diagnosis (defined as prescription of asthma treatments 
prior to receiving a diagnosis), whereas one in five adolescents 
were only prescribed a reliever (SABA), with no preventer medica-
tion (ICS or LTRA), in the 2 years following their diagnosis. Our 
study has shown diagnosis, and management after diagnosis, are 
often suboptimal. There are many areas that need improving and 
these differ according to the age of the children. Healthcare pro-
fessionals should focus on certain areas for particular age groups, 
including, timely diagnosis, weight management and overuse of 
SABA, as well as socioeconomic deprivation, which was signifi-
cantly associated with exacerbation risk across all ages.

Concerningly, a third of adolescents with a recorded BMI were 
categorised as overweight or obese, similar to national statistics for 
all adolescents. However, almost more worrying, 40% of children 
did not have a single recorded BMI, even though obesity is a po-
tentially modifiable risk factor associated with both exacerbations 
and asthma development.14

In terms of socioeconomic deprivation, although the whole cohort 
was broadly equally spread across all quintiles, the largest proportion 
(22%) resided in the most deprived areas. Socioeconomic deprivation 
was also a significant independent risk factor for exacerbations, reflec-
ting findings from previous studies,4 15 16 but was independent of age.

One in 10 adolescents was documented in their primary care 
records as having smoked cigarettes. This proportion is similar 
to national statistics on childhood smoking17 but patient records 
currently do not distinguish between traditional cigarette smoking 
and vaping, which has seen a surge in popularity among young 
people in recent years.18 A very low percentage across all age groups 
was recorded as being passively exposed to cigarette smoke. We 
suspect these results are biased due to multiple factors, including 
lack of inquiry by the healthcare professional, poor documentation 
in records and bias in reporting by the children’s families or carers.
A history of eczema was prevalent in all age categories, occurring 
in approximately a third of children, with a 10% higher proportion 
in the youngest children compared with adolescents; but was only 
a strong exacerbation risk factor for the youngest children (5–8 
years). It was also much higher than the reported prevalence of 
aeroallergen sensitisation and food/drug allergy, 17% and 8%, re-
spectively, across the whole cohort. Food/ drug allergy was higher 
in the youngest age group; a reverse of the prevalence of aeroaller-
gen sensitisation. Our prevalence of allergy and eczema align with 
those from the Global Asthma Network (GAN) Phase I Study.1,19 
The GAN Phase I Study results are based on self-reporting of 
symptoms, whereas our findings are dependent on patient report-
ing and physician recording. Agreement of findings using such 
different data sources provides some confidence in the finding’s 
accuracy. Perhaps unexpectedly, we found aeroallergen sensitisa-
tion not to be a particularly strong exacerbation risk factor, and 
only for children aged over 9 years. However, food/drug allergy 
was one of the strongest exacerbation factors for the youngest chil-
dren, increasing the risk of an exacerbation by around 20%; but 
was not a risk factor for children over 9 years old. Food allergies 
are known to be more common in children with asthma and some 
previous studies have also suggested an association with more se-
vere asthma.20 21

Although, most children (around 80%) were prescribed an ICS 
at least once during the next 2 years, over a third were prescribed 
SABA, without ICS, as their first-line treatment. Over 20% of 

children were not prescribed ICS even up to 1 month after their 
first exacerbation. Adolescents were most likely to be managed 
on SABA alone, with one in five never receiving an ICS during 
the first 2 years after diagnosis. While these findings do not follow 
current asthma management guideline recommendations,22 this 
may be because much of the data available were before 2016, when 
guidelines did recommend SABA as first-line treatment. Another 
area of concern was the dose of ICS prescribed; 8% of the whole 
cohort received medium or high dose, often receiving this dose as 
their first ever ICS prescription.

Interestingly, cough was reported to a healthcare professional 
in around one in three children prediagnosis. Wheeze/chest tight-
ness (just over 10%) and dyspnoea (just under 10%) were less com-
monly recorded. Several children were prescribed OCS, or had an 
unscheduled hospital visit that was coded for asthma, yet were not 
diagnosed with asthma by their GP practice. This delayed diag-
nosis was most common for the youngest children, where nearly 
1 in 10 were given OCS but no asthma diagnosis. Such delayed 
diagnosis may have contributed to poor management including no 
annual review, asthma management plan or education, resulting in 
missed opportunity to prevent further OCS prescriptions. Particu-
larly important in these children as prediagnosis OCS use was the 
largest risk factor for a future exacerbation, paralleling findings in 
adult cohorts.23 24

As with all observational studies, there are strengths and limita-
tions to our study. The study strengths include, a large and un-
selected cohort of children, representing real clinical practice. 
One limitation was possible misclassification; we tried to reduce 
misclassification of asthma by only including children with two 
asthma codes within 2 years. Although we did not have informa-
tion on objective tests, we were able to establish that just over 70% 
of the cohort had either a peak flow measurement (majority) or 
spirometry (minority) around the time of their diagnosis. Some of 
the short courses of OCS may have been prescribed for conditions 
other than asthma but <1% of children had a code for another ste-
roid-managed condition on the day of their OCS prescription. Al-
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lergy variables also relied on patient and physician reporting, and 
we had limited information regarding whether sensitisation tests 
were performed or not. There were missing values of the variables 
BMI and smoking, as discussed above. The missingness of BMI 
may have biased the exacerbation risk factor analysis, however, a 
model excluding BMI made negligible difference to the effect es-
timates for the rest of associations in the model. There was also 
missing data on A&E visits as described in the methods. We did 
not know if asthma prescriptions were dispensed or adhered to, 
however, these provided the healthcare professional’s perception 
on the child’s asthma control.

In conclusion, we have shown that children’s characteristics, ma- 
nagement and exacerbations are influenced by the age of their asth-
ma diagnosis. Younger children are at the highest risk of exacerba-
tions, yet currently the anti-inflammatory reliever strategy is only 
recommended for adolescents; we urgently need trials to assess this 
effective approach in younger children too. For adolescents, weight 
management should be a key part of asthma management due to 
a strong association between overweight/obesity and exacerbations; 
yet BMI was not recorded in a third of adolescents. Younger children 
are most likely to receive a delayed diagnosis: 1 in 10 were prescribed 
at least one course of OCS before receiving an asthma diagnosis. 
Pharmacological management was also often suboptimal and varied 
according to diagnosis age: a quarter of adolescents were managed 
without any ICS, using reliever inhalers only.
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RESUMO
Fundamentação O aerossol dos cigarros eletrónicos 
(e-cigarros) contém aldeídos voláteis, incluindo aroma-
tizantes e metais oxidantes com conhecida toxicidade 
pulmonar.
Objetivos Avaliar as associações entre o consumo de 
cigarros eletrónicos e os sintomas de pieira, sintomas 
bronquíticos e falta de ar (SOB) ao longo de 4 anos de 
dados prospetivos.
Métodos Os participantes preencheram questionários 
sobre sintomas respiratórios e consumo de cigarros ele-
trónicos, cigarros e canábis nos últimos 30 dias em 2014 
(onda 1; N=2094; idade média de 17,3 anos, DP=0,6 
anos). Foram recolhidas informações de seguimento em 
2015 (onda 2; n=1609), 2017 (onda 3; n=1502) e 2018 
(onda 4; n=1637) através de inquéritos online. Os mode-
los de regressão logística de efeitos mistos avaliaram as 
associações entre a utilização de cigarros eletrónicos e os 
sintomas respiratórios.
Medições e principais resultados Os participantes 
foram maioritariamente brancos hispânicos (51,8%) e 
uniformemente representativos por sexo (49,6% mulhe-
res; 50,4% homens). Quando comparados com os parti-
cipantes que nunca tinham utilizado cigarros eletrónicos, 
os que relataram o uso de cigarros eletrónicos nos últi-
mos 30 dias apresentaram um aumento estatisticamente 
significativo do risco de pieira (OR 1,81, IC 95% 1,28 
a 2,56), sintomas bronquíticos (OR 2,06, IC 95% 1,58 
a 2,69) e falta de ar (OR 1,78, IC 95% 1,23 a 2,57), 
controlando para a onda do estudo, idade, sexo, raça e 
educação parental. As estimativas de efeito foram ate-
nuadas (pieira (OR 1,41; IC 95% 0,99, 2,01), sintomas 
bronquíticos (OR 1,55; IC 95% 1,18, 2,05), falta de ar 
(OR 1,48; IC 95% 1,01, 2,18)), após ajuste adicional 
para o consumo atual de cigarros, consumo de canábis e 
exposição passiva a cigarros eletrónicos/cigarros/canábis.
Conclusões O uso de cigarros eletrónicos em jovens 
adultos esteve associado a sintomas respiratórios, inde-
pendentemente da exposição à canábis combustível e ao 
cigarro.

INTRODUCTION 
Use of electronic cigarettes (e-cigarettes) has 
increased in recent years among adolescents and 
young adults. In the USA, prevalence of past 
30-day e-cigarette use among high school students 
9th–12th grades in the US National Youth Tobacco 
Survey increased from 1.5% in 20111 to a high of 
27.5% in 2019,2 later decreased to 19.6% in 2020,2 
and in 2022 estimates suggest 14.1% of youth 
currently used e-cigarettes.3 Components of the 
e-cigarette aerosol, including volatile aldehydes 
in flavourings, and oxidant metals, have known 
lung toxicity.4 5 For example, diacetyl and related 
diketone flavourings that cause bronchiolitis 
obliterans in occupationally exposed popula-
tions have also been found in e-cigarette liquids.4 

E-cigarette aerosol has high concentrations of fine 

and ultrafine particles that can deliver these toxi-
cants to the distal airways and alveoli,6 making the 
lung a target organ for injury and increasing risk 
for adverse respiratory health effects in e-cigarette 
users. To date, several cross-sectional and longitu-
dinal studies have reported respiratory symptoms 
(eg, chronic cough, wheeze, asthma, shortness 
of breath) among both adolescent7– 14 and young 
adult10 15 e-cigarette users. Most studies to date have 
focused on e-cigarette use without examining how 
multiple product use (eg, cigarette and/or cannabis 
prior or co-use) may impact respiratory health.16 17

A 2018 report from the National Academies of 
Sciences, Engineering, and Medicine concluded 
that there was not enough evidence to determine 
whether e-cigarettes cause human respiratory 
diseases, although the report found moderate 
evidence that e-cigarette use increases cough, 
wheeze and asthma exacerbations in adolescents.18 
These conclusions were based on a few cross-
sectional studies.7 11 14 In a study of adolescents, 
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uE-cigarette use has been associated with 
increased respiratory symptoms like whe-
eze, bronchitic symptoms and shortness 
of breath, but limited studies have exa-
mined these associations in prospective, 
longitudinal population cohorts.

WHAT THIS STUDY ADDS
uThis study identified prospective associa-

tions between e-cigarette use and wheeze, 
bronchitic symptoms and shortness of 
breath, even when controlling for use of 
combustible cannabis and cigarette use 
and secondhand exposure to e-cigarettes/ 
cigarettes/cannabis.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uThis study contributes to emerging evi-
dence from human and toxicological 
studies that e-cigarettes cause respiratory 
symptoms that warrant consideration in 
regulation of e-cigarettes. It suggests that 
regulatory assessments of the population 
health cost underestimate the effects of 
late adolescent and young adult e-ciga-
rette, cannabis and tobacco product use.

►► http://dx.doi.org/10.1136/ 
thorax-2023-220783
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we found that a history of e-cigarette use was associated with 
increased prevalence of bronchitic symptoms, including among 
study participants with no history of cigarette use,7 consistent with 
findings in another cross-sectional study.14

Other studies found associations of e-cigarette use with asthma 
prevalence,9 11 13 and two recent prospective studies19 20 found 
associations of e-cigarette use with respiratory symptoms in the 
USA, controlling for combustible tobacco use. One cross-sectional 
study10 found that using e-cigarettes at least 5 days in the past 
30 days was associated with bronchitis and shortness of breath 
after controlling for both combustible cigarette and cannabis use. 
However, to date, there has been little study of associations of 
e-cigarette use with respiratory symptoms in prospective inves-
tigations while also controlling for exposure to cannabis and 
combustible cigarette use.

In this study prospective data spanning 4 years of follow-up 
(2014–2018) were collected on e-cigarette use and respiratory 
symptoms in the Southern California Children’s Health Study 
(CHS).21 Analyses used prospectively collected data to evaluate 
the associations of e-cigarette use with subsequent symptoms of 
chronic bronchitis, shortness of breath and wheeze, controlling 
for co-use of combustible tobacco and cannabis and secondhand 
exposure to combustibles and e-cigarettes in these young adults. 
The primary hypothesis was that current e-cigarette use compared 
with never use of e-cigarettes would be associated with subsequent 
wheeze, bronchitic symptoms and shortness of breath at each wave 
of data collection, independent of use of or secondhand exposure 
to combustible cannabis and other tobacco products.

METHODS
Study design
There were 2097 CHS participants who completed a school-based 
survey on tobacco products and respiratory symptoms in 2014 
(wave 1) when study participants were in 11th and 12th grades 
(mean age 17.3 years, SD=0.6). Follow-up information was also 
collected from 1609 participants in 2015 (wave 2), from 1502 
in 2017 (wave 3) and from 1637 in 2018 (wave 4) using online 
surveys.22 At each survey wave, data were collected on ever and 
past 30-day use of e-cigarettes and cigarettes. At wave 3, cannabis 
use was added to the survey. There were 2094 participants who 
contributed to the analytical sample (see online  supplemental 
figure S1), based on reporting of e-cigarette use and respiratory 
outcomes at each wave; at wave 4 there were 1438 participants 
who provided information on wheeze, 1383 who provided infor-
mation on bronchitic symptoms and 1445 who provided infor-
mation on shortness of breath. Additional description of the 

cohort, including initial study recruitment, has been reported 
previously.7

Measures
Respiratory symptoms
Participants were considered to have had symptoms of chronic 
bronchitis during the previous wave based on the report of a 
daily cough for 3 months in a row or bronchitis in the previous 12 
months, or congestion or phlegm other than when accompanied 
by a cold, as previously described.7 Wheeze was assessed based on 
a report of wheezing or whistling in the chest during the previous 
12 months.23 Shortness of breath was evaluated by a question 
asking if participants were troubled by shortness of breath when 
hurrying on level ground or walking up a slight hill. This question 
was added in wave 2.

Cigarette, e-cigarette and cannabis exposure
At each survey, participants reported never, ever and past 30-day 
use of cigarettes, e-cigarettes and cannabis. Specifically, participants
were asked if they had ever used the products, and if participants 
indicated yes, they were asked a follow-up question about the 
number of days they had used the product(s) in the past 30 days. 
Participants who had never tried a product were classified as never 
users. Participants who had used a product on at least one of the 
past 30 days were classified as ‘past 30-day users’ of that product(s), 
a classification consistent with prior study of e-cigarette use and 
respiratory symptoms.7 Use of cannabis was first reported at wave 
3 (coded as a three-level variable: missing, past 30-day use, no use).

Covariate information
Information was available on participants’ sex, ethnicity (Hispanic, 
non-Hispanic white, other) and parental education (highest level 
of education of either parent, categorised as high school diploma/
general educational development (GED) or less, some college, 
college degree or more), as previously described.7 Report of any 
lifetime asthma was assessed at wave 1.24 At each wave, second-
hand exposure to e-cigarette vapour and to cigarette (and cannabis 
smoke starting at wave 3) at home was assessed by whether anyone 
in the household (other than the participant) used these products 
in their presence.

Statistical analysis
Separate mixed-effects logistic regression models were used to 
relate each respiratory symptom (wheeze, bronchitic symptoms 
and shortness of breath) to past 30-day e-cigarette use assessed 
at the same wave (lag 0) or at the prior wave (lag 1). All models 

included a participant-level random intercept (random effect) to 
account for repeated observations over time within participant,  
and adjusted (fixed effects) for sex, race/ethnicity, age, lifetime 
asthma diagnosis, parental education and wave; additional models 
also adjusted for concurrent (lag 0) past 30-day use of cigarettes 
and/or cannabis, and secondhand exposure to e-cigarettes/ciga-
rettes/cannabis. Although the sample size varied from wave to 
wave, all available data for each participant in each wave were 
included in the initial analysis. In sensitivity analyses conducted 
on associations of concurrent (lag 0) past 30-day e-cigarette use, 
we additionally restricted the sample to participants (1) without 
concurrent past 30-day (lag 0) cigarette or cannabis use, in order 
to remove potential confounding effects of coexposure, (2) who 
participated both in waves 1 and 2, in order to assess whether loss 
to follow-up resulted in biased estimates and (3) with no history of 
physician-diagnosed asthma at wave 1, in order to assess the influ-
ence of asthma on the patterns of observed associations. Further, 
multiplicative interactions between concurrent and 1-year lagged 
past 30-day e-cigarette use were tested. To assess associations with 
the joint distribution of one-wave lagged and current past 30-day 
e-cigarette use we also estimated the effects of a four-level e-ciga-
rette use variable: no past 30-day e-cigarette use in the previous 
and current waves (reference group), past 30-day e-cigarette use 
in previous wave only, past 30-day e-cigarette use in current wave 
only and past 30-day e-cigarette use in both previous and current 
waves. Statistical analyses were conducted using SAS V.9.4 (SAS 
Institute).

RESULTS
Among the analytical sample of 2094 participants, 49.6% were 
female, and the largest ethnic group (51.8%) was Hispanic white, 
as shown in table 1. At wave 1 (the only time this question was 
asked), 22.7% (n=476) participants reported a lifetime history 
of physician-diagnosed asthma. Current wheeze (12.2%, 13.9%, 
14.2% and 14.8%, waves 1–4, respectively) and shortness of 
breath (16.5%, 18.1% and 17.0%, waves 2–4, respectively) symp-
toms varied by wave, with bronchitic symptoms remaining the 
most commonly reported symptom across each wave (19.4%, 
22.5%, 23.5% and 26%, waves 1–4, respectively), as shown in 
figure 1. Prevalence of respiratory symptoms by sociodemo-
graphic characteristics is reported in table 1. Prevalence of past 
30-day e-cigarette use was 9.6% (wave 1), 12.9% (wave 2) and 
9.4% (wave 3), and increased to 14.8% at wave 4 (figure 2). Past 
30-day cigarette use was reported by 5.7% (wave 1), 9.6% (wave 
2), 11.1% (wave 3) and 9.8% (wave 4) of participants. Finally, 
cannabis use was reported by 21.7% of participants at wave 3 
(when participants were first asked) and increased to 25.7% at 
wave 4 (figure 2). Frequency of past-30 day use (mean number of 
days (SD)) is reported in table 2.

Participants who currently (lag 0) reported past 30-day e-ciga-
rette use (table 3, model 1) had increased odds of wheeze (OR 1.81, 
95% CI 1.28, 2.56), bronchitic symptoms (OR 2.06, 95% CI 1.58, 
2.69) and shortness of breath (OR 1.78, 95% CI 1.23, 2.57), control-
ling for wave, age, sex, race and parental education. After further 
adjustment for concurrent (lag 0) use of cigarettes and cannabis 
and secondhand exposure to e-cigarettes, cigarettes and/or 
cannabis (table 3, model 2), all associations with lag 0 past 30-day 
e-cigarette use were attenuated but all except wheeze (p=0.06) 
remained significant (wheeze, OR 1.41, 95% CI 0.99, 2.01; bron-
chitic symptoms, OR 1.55, 95% CI 1.18, 2.05; shortness of breath, 
OR 1.48, 95% CI 1.01, 2.18). In models (table 3) using past 30-day 
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e-cigarette use from the previous wave (lag 1), associations were 
stronger for wheeze (OR 2.17, 95% CI 1.41, 3.35; and OR 1.77, 
95% CI 1.14, 2.74 with additional adjustment for lag 0 use of ciga-
rette/cannabis and secondhand exposures) than in lag 0 models; 
associations of lag 1 e-cigarette use with bronchitic symptoms and 
wheeze were weaker than lag 0 exposures, and after adjustment 
(for lag 0 coexposures) lag 1 associations with bronchitic symp-
toms and wheeze were no longer significant.

Sensitivity analyses were conducted on lag 0 past 30-day e-ciga-
rette use. Estimated effects in the subset of participants reporting 
no concurrent (lag 0) cigarette or cannabis use (sensitivity analysis 
1 in table 4) were substantially larger than the effects coadjusted for 
combustible use in the full sample (from table 3). For example, the 
OR for bronchitic symptoms in the participants without concur-
rent combustible use was 1.86 (95% CI 0.85, 10.1) compared with 
estimates (reported above) adjusted for combustibles (OR 1.55, 
95% CI 1.18, 2.05). In models restricted to participants who were 
not lost to follow-up in wave 2 (n=1609; table 4, sensitivity analy-
sis 2), estimated effects of concurrent past 30-day e-cigarette use 
(with adjustment for concurrent use of combustibles and second-
hand exposures) were almost identical to effects in the full sample. 
In the subset asthma at wave 1 (n=1618),24 the effects of e-cigarette 
use were generally similar in magnitude to associations in the full 
sample.

Between wave 1 and wave 2, there were 485 participants who 
were lost to follow-up (online supplemental table S1). Participants 
who were not included in wave 2 differed little from those included 
in rates of each outcome and in rates of exposure to current e-ciga-
rette use at wave 1. Those lost to follow-up were more likely to be 
male, Hispanic white and to have a parent completing 12th grade 
or less. We adjusted for these sociodemographic characteristics 
that varied between those included and lost to the analysis, and 
the effect estimates (shown in table 3) were quite similar in size 
to the unadjusted estimates (results not shown). In addition, in a 
sensitivity analysis excluding these 485 participants, the effect esti-
mates were similar in magnitude in the subset of participants with 
the same data at both waves 1 and 2 (table 4).

Finally, when considering the history of past 30-day e-cigarette 
use in the current wave (lag 0) only, in the prior wave (lag 1) only 
and in both waves, participants who reported past 30-day use at 
both waves had the largest OR (reference: no past 30-day e-ciga-
rette use in both waves), particularly for wheeze and shortness of 
breath (online supplemental table S2, although the interaction of 
lag 0 × lag 1 exposure was not statistically significant).

DISCUSSION
This study used 4 years of prospective data to examine the asso-
ciation of e-cigarette use and respiratory symptoms in late adoles-
cence and early young adulthood. Past 30-day e-cigarette use at the 
time of the assessment of outcome was associated with increased 
risk of wheeze, bronchitic symptoms and shortness of breath, after 
adjusting for use of and secondhand exposure to combustibles. 
Associations persisted in a sensitivity analysis excluding partici-
pants with a baseline lifetime history of asthma, indicating that 
associations were present in all participants, not just those with 
asthma. Past 30-day use of e-cigarettes the year prior to symptom 
assessment had a stronger association with the current year 

wheeze, but weaker (and not significant) associations with bron-
chitic symptoms and shortness of breath. The estimated effect of 
persistent past 30-day e-cigarette use in the previous (lag 1) wave 
and the current (lag 0) wave was larger for all three outcomes than 
for either previous or current use alone. Results were consistent 
with another recent prospective study in adults showing e-ciga-
rette use was an independent risk factor for poor respiratory 
outcomes.20

The associations between past 30-day e-cigarette use and symp-
toms were moderately attenuated after controlling for concurrent 
use of or exposure to secondhand cigarettes and/or cannabis. 
Increasing frequency of co-occurrence of adult use of e-cigarettes 
with cannabis17 25 26 and cigarettes20 makes it difficult to establish 
that respiratory associations with e-cigarettes are independent 
of coexposures. Recent analyses of the Population Assessment of 
Tobacco and Health Study data found that in adults e-cigarette 
use was associated with development of respiratory disease, inde-
pendent of cigarette smoking,20 but that past 30-day e-cigarette use 
among adolescents was not statistically significantly associated with 
self-reported symptoms of wheeze after controlling for cannabis 
vaping.26 In our study, a causal interpretation was strengthened 
by sensitivity analysis showing that estimates of e-cigarette effects 
were stronger in participants with no (potentially confounding) 
past 30-day use of cigarettes or cannabis. Our observational results 
are supported by experimental studies. In cultured human airway 
epithelial cells, ex vivo immune cells and mice, e-cigarette vapour 
increased markers of oxidative stress and inflammatory effects 
and decreased cell viability.27 28 Further, recent human laboratory 
studies conducted among adult users of e-cigarettes showed that 
e-cigarette exposure causes short-term adverse respiratory effects29 

and immune suppression.30–32

This study has some limitations. First, these data were collected 
via self-reported questionnaires. Second, questionnaire items for 
shortness of breath and cannabis were not available until waves 
2 and 3, respectively, so analyses of these variables made use of 
more limited data than other analyses. Unlike cigarettes, which 
can be quantified by number of cigarettes smoked per day, vali-
dated questionnaire-based methods for assessing e-cigarette use 
frequency, for example, by reporting the number of e-cigarette 
inhalations/vaping sessions or duration of inhalation, were not 
available to us.33 34 Even when self-reported e-cigarette puffs are 
available, these estimates under-reported objectively collected 
user puffs from an e-cigarette device by approximately twofold.35 
It is likely that such misclassified exposure estimates from our 
self-report of any past 30-day use would result in underestima-
tion of a true causal effect. In addition, e-cigarettes come in a 
variety of device types (eg, pod mods, tank systems, dispo-
sables), e-liquid flavours (fruit, mint, fruit ice, menthol) and 
various nicotine types (eg, synthetic nicotine, free-base nico-
tine, nicotine salt, various nicotine strength), which impact the 
user experience36 and frequency of use37 and may cause hetero-
geneous respiratory effects.4 10 19 For example, devices that offer 
greater power to heat e-liquids can generate substantially greater 
concentrations of aldehydes and other lung toxicants compared 
with lower powered devices.38 39 Recent cross-sectional data from 
four study populations across the USA found that e-cigarette 
use was associated with bronchitic symptoms and shortness of 

breath, and device types did not substantially affect the strength 
of these associations.10 Finally, the direction of possible selection 
bias due to loss to follow-up is not clear. Those lost to follow-
up differed little either in rates of outcome or exposure at wave, 
suggesting that the pattern of e-cigarette effects would have been 
similar had the entire cohort been included in the prospective 
analysis. Some sociodemographic covariates varied by symptom 
outcomes between those retained and lost to wave 2 follow-up, 
but sensitivity analyses found that the effect estimates of e-ciga-
rette effects varied very little between models with and without 
these covariates. Estimates excluding in wave 1 those subjects 
that were lost to follow-up were also very similar to the analyses 
including all available information.

DISCUSSION
This Data collected from 2014 to 2018 among a diverse sample of 
young adults in southern California showed that e-cigarette use was 
associated with respiratory symptoms after accounting for concur-
rent cigarette and cannabis use as well as secondhand exposure to 
each of these products and secondhand exposure to e-cigarettes. 
The results strengthen epidemiological evidence of adverse respira-
tory effects of e-cigarettes that is consistent with known effects of 
e-cigarette ingredients.7 10
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RESUMO
O tabagismo tem sido considerado um fator de risco para 
a fibrose pulmonar idiopática (FPI) em estudos observacio-
nais. Para avaliar se o tabagismo desempenha um papel 
causal na FPI, realizámos um estudo de aleatorização 
mendeliana utilizando dados de associação genética de 
10 382 casos com FPI e 968 080 controlos. Verificámos 
que a predisposição genética para o início do tabagismo 
(com base em 378 variantes) e o tabagismo ao longo da 
vida (com base em 126 variantes) estiveram associados a 
um maior risco de FPI. O nosso estudo sugere um potencial 
efeito causal do tabagismo no aumento do risco de FPI de 
uma perspetiva genética.

INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is a lethal lung 
disease characterised by progressive fibrosis of lung 
parenchyma for which there is currently no cure.1 
Although the cause of IPF is unclear, tobaccosmo-
ing is thought to play a part in the pathogenetic pro-
cesses of IPF.1 However, whether smoking represents 
a causal determinant remains uncertain, because the 
available evidence is scarce and originates mainly 
from observational studies, which are vulnerable 
to confounding bias and reverse causation. Mende-
lian randomization (MR) is an increasingly used ap-
proach that overcomes these challenges by exploiting 
randomly allocated genetic variants as instruments 
to make reliable causal inferences. Here, we conduct-
ed a MR study to investigate the causal association 
between smoking and the risk of IPF.

METHODS
In this study, we applied a two-sample design based 
on summary data from genome-wide association 
studies (GWASs). As genetic instruments, 378 in-
dependent, genome-wide significant (p<5 ×10−8) 
single-nucleotide polymorphisms (SNPs) associ-
ated with smoking initiation (ever vs never being a 
regular smoker) were identified from the GWAS and 
Sequencing Consortium of Alcohol and Nicotine 
use (GSCAN), involving 1.2 million individuals.2 
In a secondary analysis, we used 126 independent 
SNPs associated with lifetime smoking (a continu-
ous measure that takes into account smoking initia-
tion, duration, heaviness, and cessation) as genetic 
instruments from the UK Biobank with 462 690 
participants.3 These instrumental SNPs explained 
2.3% of the variance in smoking initiation and 1.3% 
in lifetime smoking and have been treated as robust 
instruments with F-statistics> 10 in prior MR stu-
dies.4 GWAS summary data for IPF were derived 
from a meta-analysis of 5 cohorts (UK, Chicago, 
Colorado, UUS [US, UK, and Spain], and Genentech 
Study) by the International IPF Genetics Consor-
tium (4125 cases and 20 464 controls)5 and another 
meta-analysis of 9 biobanks (BioVU, Colorado Cen-
tre for Personalised Medicine, Estonian Biobank, 
FinnGen, HUNT Study, Michigan Genomics Initia-
tive, Mass General Brigham, UCLA Precision Health 
Biobank, and UK Biobank) by the Global Biobank 
Meta-analysis Initiative (6257 cases and 947 616 con-

trols).6 IPF was defined using European Respira-
tory Society/American Thoracic Society guidelines 
in the International IPF Genetics Consortium and 
using International Classification of Diseases codes 
(515 and 515.0 for ninth Revision and J84.1, J84.8, 
J84.89, J84.17, J84.1, and J84.10 for 10th Revision) in 
the Global Biobank Meta-analysis Initiative. GWAS 
models have adjusted for age, sex, and study-specific 
covariates where possible in the original studies. All 
participants included in the study were of Europe-
an ancestry. The smoking and IPF studies involved 
some overlapping participants (43% of subjects in 
the Global Biobank Meta-analysis Initiative from 
the UK Biobank where the instruments for lifetime 
smoking were identified). However, sample overlap 
is not expected to introduce significant bias, because 
strong instruments (eg, F-statistics> 10) for smoking 
were used and these overlapping samples were from 
large biobanks (eg, UK Biobank).

The principal analysis was performed using the 
inverse-variance weighted (IVW) method. Sensi-
tivity analyses robust to pleiotropy were conducted, 
including weighted median, MR-pleiotropy residu-
al sum and outlier (MR-PRESSO), and MR-Egger 
(summarised in table 1). The estimates from two 
IPF datasets were combined using random-effects 
meta-analysis. We examined horizontal pleiotropy 
and heterogeneity using the MR-Egger intercept 
and the Cochran’s Q statistic, respectively. Reverse 
MR was performed to test for the potential reverse 
causation using 23 SNPs associated with IPF as ge-
netic instruments.5 Characteristics of instrumen-
tal SNPs are given in online supplemental tables 
1–3. Statistical analyses were conducted using R 
(version 3.6.3) with “TwoSampleMR” and “MR-
PRESSO” packages. The significant threshold was 
2-tailed p<0.05.

RESULTS
The IVW results showed that genetic predisposition 
to smoking initiation (OR (OR) = 1.29; p=0.002) 
and lifetime smoking (OR=1.63; p<0.001) were as-
sociated with an increased risk of IPF in the meta-
analysis of two datasets (table 2). The direction of 
effect was consistent across datasets, although the 
association in the International IPF Genetics Con-
sortium did not reach the significant threshold. 
There were indications  of horizontal pleiotropy or 
heterogeneity for some associations (table 3). MR-
PRESSO identified only rs6948707 at MAD1L1 (a
known IPF susceptibility signal) as an outlier and 
showed an effect directionally consistent with the 
IVW method after correction (table 2). Results 
were relatively stable in other sensitivity analy-
ses although with wide confidence intervals. In 
the reverse MR analysis, genetic predisposition to 
IPF showed a null association with smoking ini-
tiation (OR=1.00; p=0.720) and lifetime smoking 
(beta=0.002; p=0.378), indicating the unidirec-
tionality of the inferred relationship (online sup-
plemental table 4). The leave-one- out analysis de- 
monstrated that no single SNP (including rs69-

1Department of Epidemiology
and Health Statistics, Hangzhou
Medical College, Hangzhou,
Zhejiang, China
2Department of Big Data in
Health Science, School of Public
Health, Zhejiang University
School of Medicine, Hangzhou,
Zhejiang, China
3Vanderbilt University Medical
Center, Nashville, Tennessee,
USA
4Zhejiang Provincial Center for
Disease Control and Prevention,
Hangzhou, Zhejiang, China
5Department of Epidemiology
and Health Statistics, School
of Public Health, Hangzhou
Medical College, Hangzhou,
Zhejiang, China

Correspondence to 
Prof. Min Yu, Zhejiang Provincial 
Center for Disease Control and 
Prevention, Hangzhou, 310051, 
Zhejiang, China; mycdc1234@ 
163. com and Dr Yingjun Li, 
Department of Epidemiology 
and Health Statistics, School of 
Public Health, Hangzhou Medical 
College, Hangzhou, 310053, 
Zhejiang, China; 2016034036@ 
hmc. edu. cn

Avaliação do papel causal do tabagismo na fibrose 
pulmonar idiopática: um estudo de aleatorização 
mendeliana
Jiahao Zhu,1 Dan Zhou,2,3 Min Yu,4 Yingjun Li5 

To cite: Zhu J, Zhou D, Yu 
M, et al. Thorax
2024;79:179–181.

© Author(s) (or their 
employer(s)) 2024. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

►► hhttp://dx.doi.org/10.1136/
thorax- 2023- 220483

48707) substantially influenced the overall estimate (online sup-
plemental figures 1–4). Scatter plots are presented in online sup-
plemental figures 5–8.

DISCUSSION
Because of the low incidence of IPF, to date only two cohort studies
have evaluated the longitudinal association of smoking with IPF.7 8 
Both studies showed that smoking could increase the risk of IPF in 
a dose-response manner. However, a recent one-sample MR study 
reported that smoking is unlikely to be a causal factor for IPF, 
based on 871 IPF cases from the UK Biobank and an instrument 
constituted of 52 SNPs (explaining 0.7% of the variance in smok-
ing volume).9 The limited power of this study may have prevented 
detection of a causal effect. In contrast, our two-sample MR analy-
sis had a much larger sample size (10 382 IPF cases) and utilised 
stronger instruments that explain more variance in smoking, pro-
viding additional evidence for a potential causal effect of smoking 
on IPF. Several potential pathways may explain the role of cigarette 
smoke in the pathogenesis of IPF, including oxidative stress, in-
flammation, and telomere shorteneding.10 A common limitation 
in the MR setting is the presence of horizontal pleiotropy, which 
cannot be fully addressed even with sensitivity analyses based on 
different assumptions, because pleiotropy is widespread across the 
genome. Moreover, due to the use of summary data, we were un-
able to conduct a stratified analysis by smoking status or a nonli-
near analysis to explore the threshold effect.

In conclusion, this study provides evidence for the potential 
causal effect of smoking on IPF. Further well-designed MR studies 
with more clinically diagnosed IPF cases are warranted to confirm 
our findings.
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RESUMO
As alterações precoces nos cuidados de cancro do pul-
mão podem afetar a sobrevivência. Dada a diminuição 
do diagnóstico durante os confinamentos, calculámos 
o seu impacto na sobrevivência utilizando os dados da 
Auditoria Nacional do Cancro do Pulmão. A percentagem 
de sobrevivência e as taxas de mortalidade foram com-
paradas entre 2019 e os períodos de confinamento de 
2020. Foi observada uma diminuição da sobrevivência a 
partir do primeiro confinamento nacional e no prazo de 
90 dias após o diagnóstico. Os HR foram mais elevados 
para as pessoas diagnosticadas no final de 2020, com 
1,26 (IC 95% 1,20 a 1,32) para morte no prazo de 90 
dias e 1,51 (IC 95% 1,42 a 1,60) para morte entre 91 e 
270 dias. É necessário continuar a trabalhar em medidas 
para atenuar este impacto.

INTRODUCTION 
In England during 2020, there were fewer lung 
cancer diagnoses and those who presented tended
to be less fit with more advanced disease, likely due 
to a combination of public fear and the essential 
advice to ‘Stay at Home’.1 2 The true impact of this 
on survival is unclear. Using the rapid cancer regis-
tration dataset (RCRD), we compared lung cancer 
survival for 2019 and 2020 to evaluate the impact.

METHODS
The RCRD was extracted by the National Cancer 
Registration and Analysis Service for 2019 and 
2020 to allow timely observation of the effect of 
COVID-19, in place of the usual National Lung 
Cancer Audit (NLCA). The NLCA collates mul-
tiple data sources, with the aim to capture data 
for all people diagnosed with lung cancer across 
England and Wales. The RCRD was more rapidly 
collated with shorter validation time.1 Compared 
with usual NLCA data, some diagnoses are not 
captured, the majority of which are advanced stage 
or death certificate only diagnoses.2 The differen-
ces between the RCRD and NLCA are detailed by 
Conibear et al.1

We included people aged 18 or older diagnosed 
with lung cancer between 1 January 2019 and 31 
December 2020. Data were collected until death 
or registry censor date (7 October 2021). People 
were excluded where the censor date was missing 
or occurred before the diagnosis date. Stata/SE 
V.17.0 (StataCorpLLC) was used for analysis. All 
analysed variables were included in the RCRD.

Data were subdivided into five groups accor-
ding to COVID-19 policy: all of 2019; 1 January to 
25 March 2020 (‘Pre-pandemic’); 26 March to 10 
May 2020 (‘first National Lockdown’); 11 May to 
7 October 2020 (‘Local Lockdowns’).3 Data from 
8 October 2020 to 31 December 2020 (‘Late 2020’) 
were considered separately owing to the shorter 
follow-up period.

Percentage survival was calculated at set points 
following diagnosis: 90 days, 6 months, 9 months 
and 1 year. Kaplan-Meier curves were produced 
and log rank was used to calculate significance. 
HRs were calculated using cox regression, adjust-
ing for sex, age, performance status (PS), stage and 
comorbidities (using Charlson comorbidity index). 
HRs were calculated for death within 365 days of 
diagnosis, or 270 days where 1 year of follow-up 
was unavailable.

RESULTS
Over the two years 2019–2020, 64 462 people were
diagnosed with lung cancer. Following inclusions 
and exclusions as described above, 63 808 were in-
cluded in the analysis. Demographics are included 
in online supplemental table 1. As 2020 progressed, 
PS at presentation worsened and stage was more 
frequently missing; all other demographics were 
similar. There was no statistical difference in sur-
vival probabilities between 2019 and ‘Pre-Pande-
mic’ 2020 (figure 1). Survival probabilities wor-
sened as 2020 progressed, with the worst in those 
diagnosed during late 2020.

For the whole cohort and non-small cell lung 
cancer, the difference in survival was evident with-
in 90 days of diagnosis and worsened as 2020 pro-
gressed (table 1). For small cell lung cancer, 1-year 
survival was similar throughout 2020. When strati-
fied by stage, the difference in 1-year survival was 
more pronounced for stages III–IV compared with 
stages I–II (table 1).

As proportional hazards assumption were not 
met, separate HRs were calculated from 0 to 90 
days, and 91–365 days or 91–270 days as applicable. 
Compared with 2019, the risk of death within 90 
days of diagnosis was increased for all time points 
in 2020 (table 2). During lockdown, the excess risk 
normalised 91–365 days from diagnosis (HR=1.00; 
95% CI 0.93 to 1.08). The excess risk of death was 
highest for those diagnosed during late 2020, with 
HR=1.26 during the first 90 days of diagnosis and 
HR=1.51 for the remainder.

DISCUSSION
This demonstrates how measures taken to con-
trol the SARS-CoV-2 pandemic impacted lung 
cancer survival, from as early as the first national 
lockdown. Between March and May 2020, when 
restrictions were most stringent, the risk of dying 
was greatest in the first 90 days following diagno-
sis, returning to baseline between 91 and 365 days. 
The excess risk of early death continued through-
out 2020 and was worst for those diagnosed after 
October 2020.

Changes early in the patient journey are 
known to be important for long-term outcomes, 
contributing to the early deaths observed.4 The 
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worsening survival as time progressed is likely to have been 
contributed to by worsening PS throughout 2020, an indicator 
of poor prognosis as well as determining treatment eligibility.2,5 
A small but significant stage shift occurred following the first 
national lockdown, which will have altered treatment intent.2 6 
The demonstrated worsening survival could be explained by a 
delay in presentation and subsequently worsening fitness. On-
going lockdowns throughout the year may have also impacted 
this. The greater impact observed in advanced stage disease 
compared with early stage may be influenced by the shorter 
prognosis of this group without treatment and decreased use of 
systemic anti-cancer therapy during 2020.2 7 8

The worsened survival reported here is in line with, and even 
exceeds, those from modelling estimates. These suggested that di-
agnostic delays caused by pathway changes could result in a 6.0%–
7.7% rise in lung cancer deaths in 1 year.9 Here, we observed a 

6% absolute decrease in 1 year survival between May and October 
2020, and a 13% decrease in 9-month survival between October 
and December.

Limitations of the RCRD should be noted. Compared with qua-
lity-assured previous NLCA data, the 2019 dataset is missing ap-
proximately 4300 diagnosed patients, which includes death certifi-
cate diagnoses. As 2019 and 2020 data were prepared in the same 
way, the same number can be assumed to be missing from 2020.2 
Therefore, survival figures produced here are not comparable with 
previous years and will overestimate actual results.

During the first national lockdown, there was a 26% reduction 
in lung cancer incidence, as previously published by our group.6 In 
the assumption that the true incidence remained static, it is likely 
these missing people died without diagnosis. The true survival for 
2020 is therefore likely worse than the figures here, and does not 
fully represent the impact of the pandemic. These missing cases 
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likely represent those with the most aggressive disease and the 
worst prognosis.

In addition, the lack of longer-term follow-up limits the analy-
sis of outcomes for people with early-stage disease. A decrease in 
curative treatments in this group has the potential for worse long-
term outcomes not captured by 1 year survival.2

CONCLUSIONS
People who were diagnosed with lung cancer in 2020 were more 
likely to die in the year following diagnosis than those in 2019 even 
after adjustment for stage and PS, with those diagnosed in the final 
quarter of 2020 having the worst survival. It is likely the observed 
reduction in survival is multifactorial, being influenced both by 
delayed presentation and subsequent diagnosis, poorer PS and de-
creased treatment eligibility.

As, lockdowns and healthcare pressures continued into 2021, it 
will be beneficial to establish survival patterns in this period. Mo-
ving forward, a focus on awareness campaigns and prompt access 
to diagnostic pathways is essential to return to the pre-pandemic 
trajectory of improving lung cancer survival.
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A ingestão de mel local pode reduzir os sintomas de rinite 
alérgica (febre dos fenos) em crianças e jovens?

CENÁRIO CLÍNICO
Um rapaz de 14 anos com rinite alérgica (RA), comummente con-
hecida como febre dos fenos, apresenta-se com espirros, corrimen-
to nasal e comichão nos olhos. Apresenta sensibilidade ao pólen 
de gramíneas, árvores e bétulas em testes cutâneos de picada. Os 
seus sintomas afetam-no durante os meses de primavera e verão, 
interferindo com o seu desempenho escolar. Apesar das terapias 
médicas que incluem anti-histamínicos orais, spray nasal e gotas 
para os olhos, há alguns dias em que continua sintomático e a mãe 
está interessada em encontrar um tratamento melhor. A mãe ouviu 
dizer que o consumo de mel local pode melhorar os sintomas da 
febre dos fenos e pede aconselhamento. Perguntamo-nos se o con-
sumo de mel local, não pasteurizado, pode ajudar a reduzir os sin-
tomas de RA ou mesmo curar os sintomas da febre dos fenos.

PERGUNTA CLÍNICA ESTRUTURADA
Em crianças e jovens com menos de 16 anos de idade com sinto-
mas de RA e sensibilização aos pólenes (febre dos fenos) (doente), 
a ingestão de mel local não pasteurizado (intervenção) reduz os 
sintomas e/ou a necessidade de tratamentos farmacológicos para 
ajudar a melhorar os sintomas (resultado)?

ESTRATÉGIA DE PESQUISA E RESULTADOS
Foi efetuada uma pesquisa bibliográfica em outubro de 2021 e fo-
ram pesquisadas as bases de dados Medline, Embase e CINAHL, 
utilizando os seguintes termos de pesquisa: ((Honey OR Honey* OR 
local honey OR (ingest* OR consume OR eat) adj3 honey)) AND 
((Hayfever OR Hay fever OR Rhinitis OR Allergic rhinitis OR Sea-
sonal rhinitis OR Seasonal allergic rhinitis OR Rhinoconjunctivitis 
OR Rhino-conjunctivitis OR Allergic rhinoconjunctivitis OR Al-
lergic rhino-conjunctivitis OR Seasonal allerg* OR Sensitive nose)).

Dos 43 artigos, houve 3 que eram adequados.1-3 Nenhum destes 
trabalhos se centrou na população pediátrica isoladamente. Estes 
trabalhos estão resumidos no quadro 1.

COMENTÁRIO
A RA é uma doença comum caracterizada por uma inflamação no 
interior do nariz devido à exposição a alergénios como o pólen, o 
pó e o bolor. A libertação de mediadores inflamatórios para estes 
alergénios resulta em congestão nasal, rinorreia, rinoconjuntivite e 
edema das mucosas. A RA afeta atualmente 10%-15% das crianças 
no Reino Unido e pode apresentar-se logo a partir dos 18 meses de 
idade.4 As terapias atuais incluem evitar os alergénios, lavagens nasais, 
anti-histamínicos orais e/ou intranasais e corticosteroides intranasais, 
modificadores dos leucotrienos e imunoterapia com alergénios.

A imunoterapia específica administrada por via sublingual 
(SLIT) ou subcutânea é atualmente a única terapêutica que modi-
fica ou desregula a resposta imunitária alérgica.5 No entanto, exis-
tem potenciais efeitos secundários com qualquer um destes medi-
camentos e alguns pacientes não melhoram com estas terapias. 
Consequentemente, os pais de crianças com RA podem recorrer a 
tratamentos alternativos.

Um tratamento possível, que é frequentemente sugerido para 
ajudar a reduzir os sintomas da febre dos fenos, é a ingestão de 
mel local. O mel é uma substância alimentar natural complexa 
produzida a partir do néctar recolhido pelas abelhas e é um ali-
mento básico em muitas despensas domésticas.

Uma vez que se trata de um produto amplamente disponível, 
relativamente barato e saboroso, que contém uma pequena quanti-
dade de pólen, não é de surpreender que muitos pais queiram ex-
perimentar o mel como remédio para a febre dos fenos.

A teoria mais popular subjacente à utilização do mel local é a 
crença de que a sua ingestão proporcionará uma forma de imu-
noterapia e induzirá tolerância através da exposição a pequenas 
quantidades de pólen.
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Identificámos muito poucos estudos em crianças que avaliassem 
se o mel, sob várias formas, poderia melhorar os sintomas em 
doentes com febre dos fenos quando ingerido.

Todos os estudos avaliaram a eficácia do mel local não pas-
teurizado medindo os sintomas subjetivamente através de pon-
tuações ou escalas de sintomas (resultado primário) e avaliando 
a utilização de medicamentos adicionais para a alergia (resultado 
secundário). Em cada estudo, foi utilizado um placebo de xarope 
de milho com sabor a mel. Em dois dos três estudos, os pacientes 
também receberam medicação anti-histamínica juntamente com 
o regime de mel.1 2

Dois estudos sugerem que o mel pode servir como terapia 
complementar para a RA.1 2 Saarinen et al demonstraram que a 
ingestão de mel proporcionou um controlo significativamente 
melhor dos sintomas do que o tratamento apenas com medicação 
convencional, mas não se verificaram diferenças estatisticamente 
significativas entre a utilização de um mel de pólen de bétula local 
não pasteurizado e o mel normal sem qualquer pólen de bétula ou 
amieiro.1 

Asha’ari et al afirmaram que a ingestão de mel local em doses ele-
vadas melhorava os sintomas gerais da RA.2 No entanto, o estudo 
utilizou doses muito elevadas, sugerindo que os benefícios posi-
tivos para a saúde só são alegadamente alcançados se forem con-
sumidos entre 50-80 g por ingestão: a sua dose de 1 g de mel por 
quilograma de peso corporal excederia grosseiramente a quanti-
dade máxima diária de açúcar recomendada pelo sistema nacional 
de saúde inglês, que é de 19 g para crianças dos 4-6 anos, 24 g para 
crianças dos 7-10 anos e 30 g para adultos.6

O estudo de Rajan et al não demonstrou qualquer diferença sig-
nificativa nos sintomas de RA com a ingestão de mel local.3 

No entanto, a dose de 1 colher de sopa (aproximadamente 21 g) 
foi suficiente para levar 13 dos 36 participantes a desistir por não 
conseguirem tolerar a doçura.

As limitações dos estudos incluídos nesta revisão incluem o viés 
de relato das pontuações subjetivas dos sintomas e a necessidade 
de replicação de estudos de maior dimensão com um maior núme-
ro de participantes.

Outra limitação inclui a variação das etnias presentes nestes 
estudos, que tiveram lugar na Malásia, Finlândia e EUA, res-
petivamente.1-3 Isto pode dificultar a comparação com a pop-
ulação do Reino Unido devido a especificidades no tipo de 
pólen prevalecente, no nível de exposição ao pólen e na dieta 
local.

Em conclusão, não existem provas substanciais que apoiem a 
utilização de mel local não pasteurizado para reduzir os sintomas 
ou a necessidade de medicação em crianças e jovens com RA.
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