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Desta seleção de artigos das Revistas Thorax e Archives of Disease in Childhood, permito-me iniciar pelos temas pediátricos.
A sibilância em idade pré-escolar mantém-se um tema de debate. É uma situação que, embora transitória, tem impacto significativo 
nas crianças e nas Famílias. É prognóstica para morbilidade em idade adulta jovem e para valores mais baixos de função pulmonar. 
Do ponto de vista clínico, os marcadores prognósticos são frágeis e as terapêuticas ambíguas. No entanto, a sibilância do pré-escolar 
é responsável por 1/3 dos custos com asma em idade pediátrica e apenas 30% das famílias adere a terapêutica com corticosteróides 
inalados. Mohammed Abdul Wajid L, et al. nos Arch Dis Child 2025 publicaram um estudo percepcional para avaliar as opiniões 
dos pais relativamente às orientações de acompanhamento destas crianças. No final, os Pais preferem uma abordagem consistente 
e estruturada nos vários níveis de cuidados e guiada por exames...
O artigo seguinte, um estudo do grupo PERN (Pediatric Emergency Research Networks) sublinha inconsistências relacionadas com 
a utilização de inúmeras escalas com utilização de indicadores diferentes na avaliação de crise aguda de asma na criança. Numa 
doença crónica frequente em idade pediátrica, as escalas de avaliação em urgência, ainda que incluídas em guidelines, falham na 
validação... 
Mas o artigo cuja figura é capa deste número é “Casa húmida e com bolor: impacto na saúde pulmonar durante a infância”.  Subli-
nha-se a responsabilidade que as más condições habitacionais têm na saúde respiratória da criança e que o médico deve ter uma 
intervenção. Este artigo decorre das conclusões e Resultados do Médico Legista no caso da morte do menino de 2 anos, Awaab 
Ishak.
Um estudo retrospetivo Coreano descreve a relevância de atingir precocemente o controlo de asma, definido como remissão clínica 
baseada em indicadores específicos, com impacto na redução das agudizações e na melhoria da função pulmonar.
Ainda no adulto destaca-se vai para um estudo efetuado no Canadá que incluiu quase 500.000 doentes e que descreve como a asso-
ciação entre doença pulmonar obstrutiva crónica (DPOC) e doença cardiovascular, reduz a probabilidade de práticas terapêuticas 
adequadas que resultam em desfechos menos favoráveis do ponto de vista cardiovascular (CV), pelo que os autores recomendam 
que a DPOC seja adicionada à diabetes e à doença renal crónica na lista de doenças que aumentam a probabilidade de um evento 
CV adverso.
Outro destaque é para o estudo de base populacional que decorreu na Suécia e que determinou a associação positiva entre asma 
e diabetes tipo 2, mesmo depois de correção para os fatores de risco do costume, apresentados num diagrama muito elegante na 
página 234.
Três artigos completam este número: os resultados do estudo DISCOVERY sobre o impacto da LTOT nos doentes pulmonares 
crónicos, a redução dos internamentos por asma no adulto, na Finlândia e na Suécia e o Efeito da hora do dia e da variação sazonal 
na resposta ao broncodilatador: o estudo SPIRO-TIMETRY...

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

Teresa Bandeira
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A doença cardiovascular (DCV) e a doença 
pulmonar obstrutiva crónica (DPOC) são 
duas das principais causas de morbilidade 
e mortalidade a nível mundial, ocupando o 
primeiro e o terceiro lugar, respetivamente, 
entre as causas de morte. Estas duas doenças 
estão ligadas por um importante fator de 
risco modificável: o tabagismo.

Dados de estudos anteriores indicam 
que a prevalência de DPOC entre doentes 
com DCV varia entre 7% e 28%. É de notar 
que a DPOC em doentes com DCV tem 
sido historicamente subdiagnosticada. Em 
2009, Soriano et al. demonstraram que a 
prevalência de limitação do fluxo aéreo 
variava entre 60% em doentes com DCV 
e 87% naqueles internados com doença 
coronária. Outro estudo revelou que, entre 
fumadores ou ex-fumadores hospitalizados 
por síndrome coronária aguda e submetidos 
a espirometria, o diagnóstico de DPOC 
atingia os 29%.

Cho et al. analisaram um grande estudo 
retrospetivo, baseado na população, 
envolvendo 496 056 doentes com historial 
de DCV (incluindo doença isquémica 
do coração, insuficiência cardíaca e 
AVC). Nesta população real, apenas 16% 
tinham diagnóstico de DPOC. Os autores 
observaram que os diagnósticos de 
DPOC foram determinados com base em 
internamentos relacionados com DPOC e/
ou pelo menos três consultas externas por 
DPOC num período de dois anos. Embora 
esta definição não se baseie em espirometria 
— o padrão-ouro para o diagnóstico de 
DPOC — já foi utilizada anteriormente, 
demonstrando uma especificidade de 95% 
e uma sensibilidade de 58%. Estes dados 
reforçam fortemente a suspeita de que uma 
proporção substancial de casos de DPOC 
na população com DCV permanece por 
diagnosticar.

Além disso, Cho et al. verificaram que os 
doentes com DPOC e DCV recebiam menos 
terapêuticas específicas para o coração, 
incluindo betabloqueadores, inibidores 
da ECA e estatinas. A menor utilização de 
betabloqueadores é, em parte, compreensível, 
devido a preocupações históricas sobre a sua 
interação com agonistas beta-2 em doentes 
com DPOC. No entanto, evidências recentes 
demonstram que os betabloqueadores 
seletivos são seguros e eficazes em doentes 
com ambas as condições, sem efeitos 
adversos significativos.

Por outro lado, a menor prescrição de 
inibidores da ECA e estatinas é mais difícil 
de justificar. Embora os inibidores da ECA 
possam causar tosse — um sintoma comum 
na DPOC — existem alternativas, como os 
bloqueadores dos recetores da angiotensina 
II (ARAs), que poderiam ser utilizados. 
Além disso, os ARAs podem oferecer 
benefícios adicionais, como a preservação 
da massa muscular e da capacidade 
funcional em doentes com DPOC. As 
estatinas, por sua vez, têm mostrado 
resultados mistos em doentes com DPOC: 
alguns estudos sugerem um papel protetor 
contra exacerbações, além dos benefícios 
cardiovasculares, enquanto outros, como 
o estudo COSYCONET, não encontraram 
efeito nas exacerbações, embora tenham 
confirmado a sua segurança e eficácia 
cardiovascular.

Cho et al. também destacaram que os 
doentes com DCV, mas sem DPOC, têm 
maior probabilidade de consultar um 
cardiologista do que aqueles com ambas 
as condições. Isto sugere que a menor 
prescrição de terapêuticas cardiovasculares 
em doentes com DPOC–DCV pode 
estar relacionada com menos consultas 
de cardiologia, resultando em cuidados 
cardíacos subótimos.

As conclusões de Cho et al. traçam 
um cenário preocupante: a DPOC é 
provavelmente subdiagnosticada em doentes 
com DCV e, quando a comorbilidade é 
reconhecida, estes doentes não só recebem 
menos terapêuticas específicas e menos 
acompanhamento especializado, como 
também apresentam piores desfechos 
cardiovasculares — incluindo taxas mais 
elevadas de eventos cardiovasculares 
adversos major (enfarte do miocárdio, AVC 
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e morte cardiovascular), bem como mais 
internamentos por insuficiência cardíaca.

Este estudo sublinha a necessidade de 
uma gestão partilhada entre cardiologistas 
e pneumologistas para doentes com 
comorbilidade DPOC–DCV. É urgente 
melhorar os cuidados cardiológicos nestes 
doentes. Não está claro se a dependência 
exclusiva de especialistas em pneumologia 
contribui para a falta de atenção 
cardiológica. Os doentes já acompanhados 
por um especialista podem não sentir 
necessidade de consultar outro. Ao mesmo 
tempo, a gestão partilhada é essencial para 
doentes com DCV conhecida e fatores de 
risco para DPOC (por exemplo, tabagismo), 
que devem ser diagnosticados precocemente 
através de avaliação pneumológica 
especializada, espirometria e programas de 
apoio à cessação tabágica.

Reforçar a colaboração entre especialistas 
em campanhas de cessação tabágica pode 
ser fundamental para abordar este fator de 
risco modificável, com impacto prognóstico 
significativo. De facto, a DPOC não 
diagnosticada em doentes com DCV tem 
um impacto prognóstico grave, levando a 
maior mortalidade e maior incidência de 
eventos cardiovasculares.

Para enfrentar este problema, são cruciais 
campanhas de sensibilização que enfatizem 
a importância do acompanhamento 
conjunto cardiológico e pneumológico 
para doentes com doenças respiratórias 
concomitantes. Isto inclui doentes com 
DPOC e DCV conhecidas, doentes com 
DPOC com fatores de risco para DCV e 
doentes com DCV com fatores de risco para 
DPOC. Estudos futuros devem explorar se 
uma abordagem integrada cardiopulmonar 
— otimizando o tratamento de ambas as 
condições e promovendo intervenções 
físicas e comportamentais (como nutrição 
adequada e apoio à cessação tabágica) 
— poderá melhorar os desfechos nestes 
doentes.

X Rita Pavasini @ritapavasini87
Contributors RP and GC: conception, design, drafting of the manuscript 
and revising it critically for important intellectual content, final approval of 

Figura 1 A abordagem combinada cardiológica e pneumológica para doentes com DPOC–DCV. DPOC: doença 
pulmonar obstrutiva crónica; CV: cardiovascular; DCV: doença cardiovascular; FRCV: fator de risco cardiovas-
cular; LDL: lipoproteína de baixa densidade (colesterol LDL).



Editorial

214 Pavasini R, Campo G. Thorax May 2025 Vol 80 No 5

the manuscript submitted. RP is the corresponding author and guarantor 
for the manuscript.
Funding The authors have not declared a specific grant for this research 
from any funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.
Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Commissioned; internally peer reviewed.
Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer-reviewed.
Any opinions or recommendations discussed are solely those of the author(s) 
and are not endorsed by BMJ. BMJ disclaims all liability and responsibility ari-
sing from any reliance placed on the content. Where the content includes any 
translated material, BMJ does not warrant the accuracy and reliability of the 
translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any 
error and/or omissions arising from translation and adaptation or otherwise.
© Author(s) (or their employer(s)) 2025. No commercial re-use.
See rights and permissions. Published by BMJ Group.
→ Additional supplemental material is published online only. To view, please 
visit the journal online (https:// doi. org/ 10. 1136/ thorax- 2025- 223054).

To cite Pavasini R, Campo G. Thorax 2025;80:267–268.
Accepted 21 February 2025
Published Online First 18 March 2025

→ https://d oi.o rg/1 0.1 136/t horax-2 023-2 20991
Thorax 2025;80:267–268.
doi:10.1136/thorax-2025-223054
ORCID iD
Rita Pavasini http://orcid.org/0000-0002-1763-9711

REFERENCES
1 Campo G, Pavasini R, Malagù M, et al. Chronic obstructive 

pulmonary disease and ischemic heart disease comorbi-
dity: overview of mechanisms and clinical management. 
Cardiovasc Drugs Ther 2015;29:147–57.

2 Soriano JB, Rigo F, Guerrero D, et al. High prevalence of 
undiagnosed airflow limitation in patients with cardiovas-
cular disease. Chest 2010;137:333–40.

3 Campo G, Pavasini R, Barbetta C, et al. Predischarge scree-
ning for chronic obstructive pulmonary disease in patients 
with acute coronary syndrome and smoking history. Int J 
Cardiol 2016;222:806–12.

4 Cho EE, Maclagan LC, Chu A, et al. Impact of COPD on 
cardiovascular risk factors and outcomes in people with 
established cardiovascular disease. Thorax 2025;80:291–9.

5 Gershon AS, Wang C, Guan J, et al. Identifying individuals 
with physcian diagnosed COPD in health administrative 
databases. COPD 2009;6:388–94.

6 LaFon DC, Helgeson ES, Lindberg S, et al. β-Blocker Use and 
Clinical Outcomes in Patients With COPD Following Acute 
Myocardial Infarction. JAMA Netw Open 2024;7:e247535.

7 Qaisar R, Kamli H, Karim A, et al. Angiotensin Receptor Blockers 
Restore Skeletal Muscle in Patients with Chronic Obstructive 
Pulmonary Disease. Arch Med Res 2023;54:102890. 

8 Lin C-M, Yang T-M, Yang Y-H, et al. Statin Use and the 
Risk of Subsequent Hospitalized Exacerbations in COPD 
Patients with Frequent Exacerbations. Int J Chron Obstruct 
Pulmon Dis 2020;15:289–99.

9 Frantzi N, Nguyen XP, Herr C, et al. Statins did not reduce 
the frequency of exacerbations in individuals with COPD 
and cardiovascular comorbidities in the COSYCONET 
cohort. Respir Res 2024;25:207.

10 Almagro P, Lapuente A, Pareja J, et al. Underdiagnosis and 
prognosis of chronic obstructive pulmonary disease after

percutaneous coronary intervention: a prospective study. Int J 
Chron Obstruct Pulmon Dis 2015;10:1353–61.



Artigo original

215 Mohammed Abdul Wajid L, et al. Arch Dis Child 2025;110:352–357. doi:10.1136/archdischild-2024-327781

RESUMO
Objetivo: O objetivo deste estudo foi explorar as opini-
ões e experiências dos pais na gestão da sibilância em 
crianças em idade pré-escolar, incluindo as suas perspeti-
vas sobre a utilização de exames para orientar os planos 
de tratamento.
Desenho do estudo Foi utilizada uma amostragem 
intencional para recrutar 16 participantes de 14 famílias 
em Inglaterra e no País de Gales. Os dados qualitativos 
foram recolhidos através de entrevistas semiestruturadas 
com pais de crianças entre 1 e 5 anos com sibilância 
em idade pré-escolar, realizadas via Microsoft Teams. 
As entrevistas foram transcritas e analisadas por análise 
temática, com o apoio do software NVivo.
Resultados A análise gerou quatro temas principais: (1)
Caminho até ao diagnóstico, (2) Gestão da medicação, (3) 
Viver com sibilância em idade pré-escolar, (4) Melhorar os 
cuidados de saúde para a sibilância em idade pré-escolar. 
Os resultados sugerem um impacto negativo da sibilância 
pré-escolar na vida das famílias, incluindo níveis elevados 
de preocupação e limitações na capacidade de trabalhar 
e viajar. Os obstáculos à gestão eficaz incluíram termi-
nologias inconsistentes, incerteza diagnóstica, educação 
limitada e falta de apoio na gestão da condição. Outros 
entraves incluíram preocupações dos pais em relação à 
medicação, atrasos na realização de exames e dificulda-
des no acesso a cuidados especializados. Os pais mostra-
ram-se favoráveis à realização de exames para orientar 
os tratamentos.
Conclusão As opiniões dos pais evidenciam os desafios no 
diagnóstico e tratamento da sibilância em idade pré-escolar 
a vários níveis do sistema de saúde. Para melhorar a gestão 
e garantir que os serviços prestados a estas crianças sejam 
eficazes, é urgente estabelecer uma terminologia consis-
tente, uma abordagem unificada para orientar exames e 
tratamentos, e reforçar a formação dos profissionais de 
saúde nos cuidados primários e secundários.

INTRODUCTION 
Preschool wheeze (PSW) is common. Approxi-
mately 30%–40% of all children will experience 
recurrent wheeze attacks in the first 6 years of life.1 
Seventy five per cent of all children with wheeze 
admitted to hospital are aged between 1 and 5 
years.2 The UK has the second highest prevalence 
of wheeze during the second year of life in Eu-
rope.3 PSW results in significant morbidity, health-
care costs and impaired quality of life for both the 
child and parent.4 Children with PSW account for 
a third of all healthcare costs for childhood asth-
ma.4 Recurrent wheeze attacks predict long-term 
diminished lung function and increased all-cause 
morbidity and mortality in early adulthood.5

Optimal therapy for treating and preventing 
episodes of PSW is not well-defined and remains 
a matter of investigation and debate.6 Thus, in 
clinical practice, there are no diagnostic tests and 
no definitive pathways for treating PSW. Current 
management is based on expert consensus, his-
tory-taking and symptom patterns.6 Medications 
prescribed for PSW are often those used in school-
age children and adults with asthma. Recommen-

dations for treatment by the British Thoracic Soci-
ety7 and European Respiratory Society8 are based 
on parent-reported or child-reported symptoms. 
Inhaled steroids, salbutamol and montelukast are 
some of the medications recommended to prevent 
wheeze attacks, but acute presentations to health-
care continue.9

A recent review of literature by the European 
Respiratory Society taskforce8 indicates that diag-
nosis and management of PSW may be improved 
by identifying treatable traits, such as blood eosi-
nophils and aeroallergen sensitisation, which could 
help to identify children who will have a differential 
response to inhaled corticosteroids (ICS). How-
ever, the taskforce notes that further prospective 
validation of using blood eosinophils as a biomar-
ker in preschool children is needed before recom-
mending it as an evidence-based clinical approach. 
A further gap in evidence relates to biomarkers that 
could identify children unlikely to respond to ICS.8

While the introduction of objective tests for 
identifying treatable traits (blood eosinophils and 
aeroallergen sensitisation) may present opportuni-
ties for more effective management of PSW (pen- 
ding further validation), the acceptability to parents 
is unknown. Acceptability is a key consideration in 
the implementation of healthcare innovations; if 
new treatments or interventions are considered ac-
ceptable, patients are more likely to adhere to them 
and benefit.10 Parent acceptability of managing 
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PSW with steroids is also unclear, given that adherence to inhaled 
steroids, even in those with severe recurrent wheeze attacks, is 
only 30%.11 An in-depth understanding of parents’ perceptions of 
illness and treatment, including the acceptability of blood/allergy 
tests and steroid use, is therefore important for understanding cur-
rent PSW management and determining the feasibility of imple-
menting new approaches from a parental perspective. The aim of 
this study was to explore parents’ views and experiences of mana-
ging children with PSW, including their perceived acceptability of 
steroids and blood/allergy tests to guide treatment pathways.

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

Data collection 
A semi-structured interview guide was informed by existing lite-
rature,6–8 experiences of the clinical team and research objectives 
(see online supplemental file 1). Open questions covered parents’ 
views and experiences of PSW, approaches to management, use 
of blood and allergy tests and barriers to accepting or perform-
ing such tests. LMAW conducted the interviews at a mutually con-
venient time via Microsoft Teams (April–August 2023). Interviews 
lasted 30–90 min and were recorded. Data collection continued 
until saturation was reached, that is, the point at which little new 
information was generated. This was established during the inter-
views, as well as by listening back to the interview recordings, con-
ducting concurrent data analysis and discussing the data with the 
research team.12

Data analysis 
Interview data were transcribed verbatim and analysed using The-
matic Analysis.13 14 Transcripts were auto-generated by Microsoft 
Teams and manually checked by the first author. LMAW (female 
Clinical Research Fellow) led the data analysis, becoming familiar 
with the data through reading and re-reading transcripts. Codes 
were then generated inductively from the data, leading to the crea-
tion of an initial coding frame. Coding was carried out by LMAW, 
with a subsection double-coded by GH (female Health Psycholo-
gist) and discussed with PN (male Paediatric Respiratory Consul-
tant). Following team discussion and iteration, an agreed-on co- 
ding frame was applied to all transcripts. Codes were then com-
pared within and between participants and grouped into themes, 
which were further discussed by the team. Coding and data re-
trieval were supported via the qualitative data analysis software 
package NVivo V.12.15

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

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

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

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

Related to issues with diagnosis were parents’ dissatisfaction 
with perceived delays in initiating investigations, particularly 
while being managed in primary care. Investigative tests were 
often described as only being initiated following extreme cases 
(multiple hospital admissions, severe wheeze attacks), and in all 
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instances were initiated by specialist (tertiary care) health pro-
fessionals. Many parents expressed relief once tests were initi-
ated, constructing them as vital for treatment decision-making. 
Parents were keen to identify a cause for their child’s wheeze 
that could inform management options, rather than starting 
inhalers and only initiating tests following poor wheeze con-
trol. Most parents were united in their view that investigations 
formed a key component in informing the management of their 
child’s condition, echoing frustration with a ‘wait and watch’ 
approach.

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

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

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

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

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

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

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

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

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

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

DISCUSSION 
To our knowledge, this is the first study in the UK to explore pa-
rental views and experiences of managing PSW and the acceptabi- 
lity of steroids and blood/allergy tests to guide treatment pathways. 
We are unaware of other qualitative studies that have explored pa-
rents’ perspectives on PSW. Findings suggest a negative impact of 
PSW on families’ lives, including high levels of worry, and limiting 
capacity for work and travel. Barriers to effective management of 
PSW include inconsistent terminology and diagnostic uncertainty, 
limited education and management support, delayed investiga-
tions, concerns about medications and challenges accessing spe-
cialist care. Many parents favored performing blood and allergy 
investigations to guide treatment pathways.
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Current management of PSW was perceived as unsatisfactory 
by parents, characterised by inconsistent diagnostic termino-
logy, diagnostic uncertainty, delayed investigations and recur-
rent hospital presentations. Parents felt that obtaining a formal 
diagnosis of PSW, even as an umbrella term (from which other 
diagnoses, including asthma, might emerge), earlier in the care 
journey would help them manage their child’s condition more 
effectively, improving both their and their child’s quality of life, 
as well as improving access to specialist care. These findings reso-
nate with other studies highlighting the uncertainty17 and frustra-
tion18 of the prediagnosis phase, as well as those describing the 
negative impact of childhood asthma on family well-being.19 The 
British Thoracic Society20 and the Global Initiative for Asthma21 
have published guidelines for the diagnosis and management of 
‘asthma’ in children under 5 years. However, these guidelines do 
not describe ‘PSW’, and health professionals may find it difficult 
to label every child under 5 years with wheeze as having asthma.

Consistent with the ‘Common-Sense Model’ of managing 
health threats,22 parents in our study were keen to understand 
the causes of recurrent PSW in their children. Not feeling able 
to understand their child’s symptom aetiology and frustrated 
with a lack of diagnostic labels or specified treatments, parents 

supported investigations being performed earlier in the care 
pathway, conceiving investigations as a gateway to appropriate 
management based on objective results rather than (variations 
in) clinical experience. Domains of illness representations, inclu-
ding perceived timeline, consequences, cause and controllability 
of symptoms have previously been shown to impact treatment 
adherence in those with asthma.23 To improve concordance, it is 
important that a child’s treatment plan is coherent with parents’ 
understanding of their child’s condition. Good history-taking, 
which elicits parental concerns, establishes symptoms, identi-
fies trigger factors and includes parent-reported outcomes, may 
reassure parents regarding diagnostic uncertainties, reducing 
their calls for objective investigations. Upskilling health profes-
sionals across healthcare settings and involving parents in PSW 
management could thus influence healthcare utilisation patterns, 
including emergency department visits, hospital admissions and 
primary care consultations.

While most parents in this study expressed concern about 
the long-term effects of ICS, they felt that dealing with side ef-
fects was better than frequent hospitalisation. Parents described 
a sense of reassurance when given instruction on the daily use 
and side effects of preventer inhalers. This was achieved through 
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signposting to National Health Service resources, as well as 
providing demonstrations and verbal and written instructions. 
In terms of service improvement, the current study aligns with  
others in demonstrating a need for coordinated and integrated 
care across the healthcare system.24 In our study, education on 
PSW and management plans often differed between healthcare 
professionals, leading to inconsistent information being provi-
ded to parents. Managing PSW care via community-based diag-
nostic hubs may help meet the needs of parents requiring access 
to specialist care closer to home.

Strengths and limitations 
A key strength of this study is the diverse representation of views 
from parents of children with varying degrees of PSW, sharing 
experiences from management at various levels of care. The pa-
rent participants were from across England and Wales. One of 
the limitations is that participants were mainly mothers, mean-
ing fathers were under-represented. Mothers are often the pri-
mary caregivers of children with chronic health conditions and 
accompany their children to seek healthcare services.25 A second 
(potential) limitation is that some members of the research team 
(SS, PN) are involved in the clinical management of children 
with severe wheeze in a tertiary care setting, which could have in-
fluenced the analysis. However, neither the first author (LMAW, 
Research Fellow) nor the lead author (GH, Health Psychologist) 
is involved in the clinical management of children with severe 
wheeze. Furthermore, the thematic analysis was based exclusive-
ly on data provided by parents who were not under the clinical 
care of the research team, which further reduces the potential for 
bias from clinical involvement. While a subsection of data were 
coded by two analysts, not all transcripts were. However, the final 
coding frame was reviewed by all authors, with team discussions 
used to develop and agree on salient themes.

RECOMMENDATIONS/CONCLUSION 
Parents’ views highlight the problem of diagnosing and treating 
PSW at multiple system levels. To improve the management of 
PSW, there is a need for consistent terminology, unified guide-
lines and a diagnostic pathway to guide investigations and com-
mence treatment. To achieve this, there is a need for prospective 
clinical trials to determine the efficacy of treatment decisions 
made according to the results of investigations. To ensure ser-
vices for children with PSW are effective and sustainable, there 
is a need to upskill health professionals in primary and secon-
dary care and enable access to investigations in primary care. To 
be acceptable to parents, however, investigations need to have a 
sound rationale and be personalised to the child’s need, ensuring 
children are not subjected to unnecessary diagnostic tests.
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RESUMO
Justificação Embora existam numerosos sistemas de 
pontuação pediátricos publicados para a asma, não se 
sabe com que frequência estes são recomendados nas 
diretrizes de asma em diferentes regiões geográficas a 
nível global, nem qual é o seu estado de validação.
Objetivos (1) Descrever quais diretrizes clínicas reco-
mendam sistemas de pontuação para a asma em diferen-
tes regiões geográficas. (2) Descrever a validação inicial 
e subsequente dos sistemas de pontuação para a asma 
mais frequentemente recomendados.
Métodos Estudo observacional dos sistemas de pontu-
ação para a asma recomendados nas diretrizes para o 
tratamento da asma pediátrica aguda, provenientes de 
instituições da Pediatric Emergency Medicine Network — 
uma rede global de investigação em medicina de urgência 
pediátrica que inclui oito redes locais e regionais.
Principais resultados Foram identificadas 158 diretri-
zes. No total, 83 de 158 (53%) recomendam a utilização 
de um sistema de pontuação clínica à cabeceira do doente 
para avaliar a gravidade da asma. Enquanto um único sis-
tema de pontuação específico por país foi recomendado 
em todas as diretrizes de Espanha e do Canadá, 27 de 28 
(96%) das diretrizes dos EUA recomendam uma grande 
variedade de sistemas, sendo que raramente são reco-
mendados nas diretrizes de outras redes de investigação 
(PERUKI — Paediatric Emergency Research in the UK and 
Ireland, e PREDICT — Paediatric Research in Emergency 
Departments International Collaborative na Austrália 
e Nova Zelândia) e de outros países (Costa Rica, África 
do Sul, Nigéria, Singapura, Índia). O Pediatric Respiratory 
Assessment Measure (PRAM) e o Pulmonary Score (PS) 
foram os instrumentos de pontuação mais frequente-
mente utilizados. Embora o PRAM tenha sido o mais 
amplamente validado, incluindo validade de construto, os 
estudos de validação do PS são limitados. A fiabilidade 
interobservador, bem como os aspetos de validade de cri-
tério, de resposta e discriminativa, representam as limita-
ções mais comuns em muitos dos sistemas de pontuação.
Conclusões Existem diferenças geográficas marcadas 
tanto na recomendação como no tipo de sistema de pon-
tuação clínica para a asma incluído nas diretrizes clínicas. 
Embora muitos sistemas de pontuação sejam recomenda-
dos, a maioria apresenta validação insuficiente.

INTRODUCTION 
Asthma is a frequent reason for presentation to an 
emergency department (ED), and one of the most 
common reasons for paediatric hospitalisation after 
an ED visit.1 2 Paediatric asthma carries a high bur-
den of disease, with global estimates of an escalating 
rate of admission and increasing associated costs.3 4

Clinical practice guidelines are commonly re-
commended for use in the ED management of 
acute asthma;5–7 providing a background to the 
clinical condition, guiding the assessment of the 
asthma severity of an individual patient and re-
commending treatment based on this assessment. 
A recent qualitative study demonstrated that cli-
nicians view clinical guidelines as a useful aid to 
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Key messages

What is know about this topic
uThere is a plethora of paediatric asthma 

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

What this study ads
uThis observational study of 158 clinical 

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

How this study might affect rese-
arch practice or policy

uThis study highlights the need for future 
prospective validation studies of the com-
monly recommended asthma scores to 
establish their role. Overall, the PRAM 
score is the most extensively validated but 
would benefit from multisite validation 
studies. Further prospective studies are 
required to validate the remaining scores 
with a focus on their ability to discrimi-
nate differences in asthma severity and 
their responsiveness to changes in signs 
and symptoms for use in clinical practice 
guidelines.
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decision-making in children with acute asthma.8 Some of these 
guidelines may also make a reference to an asthma score.

An asthma score, in general, includes a combination of observa-
tions that a clinician can assign a numerical value to. These include 
oxygen saturation, heart rate, respiratory rate, accessory muscle 
use, wheezing and duration of the expiratory phase of the respira-
tory cycle. For each of these parameters, a child is assigned a score, 
usually between 0 and 3 points, with the sum of the points repre-
senting a total score. Clinical asthma scores are useful to guide se-
verity-based treatment recommendations and to measure changes 
in a child’s condition to determine response to treatment.1 9

The literature about the use of asthma scores in clinical practice, 
however, has been largely limited to surveys inquiring about clini-
cians’ use of scores.1 3 8 In research, asthma scores are frequently em-
ployed as a clinical trial entry criterion to measure severity10–12 and 
as a measure of response to treatment.13 14 A lack of consistency in 
asthma score utilisation contributes to the challenge of a meaning- 
ful comparison of the outcomes between clinical trials.15 To our 
knowledge, the spectrum of the clinical asthma scores endorsed 
in guidelines for local hospitals and networks worldwide has not 
been documented. In this context and given our recent identifica-
tion of the reliance the clinicians place on clinical guidelines,8 this 
paper addresses the above knowledge gap by investigating which 
paediatric asthma scores are recommended across a broad sample 
of healthcare institutions internationally.

Objective 
The Pediatric Emergency Research Networks (PERN) asthma 
working group was formed in 2017, with the aims of developing 
consensus-based and evidence-based asthma outcome measures 
(with input from patients, families and clinicians), and interna-
tional consensus guidelines for the conduct and reporting of clini-
cal trials of therapies for acute asthma exacerbations. Currently, 
this group comprises members from seventeen countries; with 
most belonging to formal regional research networks.16

This study aims to assess current clinical asthma scores recom-
mended in paediatric practice guidelines in the EDs associated 
with PERN.

Specifically, we aim to describe:
1. The proportion of guidelines which include a clinical asthma 

score from each country.
2. The distribution of various asthma scores across different 

PERN networks.
3. The validation spectrum of the commonly recommended 

asthma scores.
The recommendations for the management of acute exacerba-

tions of asthma and the quality of these guidelines are repor-
ted elsewhere.17

Design
This is an observational study of the guidelines for the manage-
ment of acute paediatric asthma from the institutions belonging 
to the global PERN network. The project is reported according 
to the Strengthening the Reporting of Observational Studies in 
Epidemiology statement.18

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

Group (RISEUP/SPERG); and Red de Investigación y Desarrollo de 
la Emergencia Pediatrica Latinoamérica.19

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

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

Data abstraction: guideline/order set content
To reduce the risk of bias, each clinical guideline was independently 
assessed by two trained reviewers, who were provided with clear defini-
tions, rules for the interpretation of clinical guidelines and instructions 
for data extraction. Abstracted data were recorded on a paper-based 
form and then entered into a specifically designed Research Electronic 
Data Capture20 database hosted at Monash University.

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

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

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

Derivations of original scores and subsequent validation
studies
The original studies outlining the development and purpose of 
scoring systems recommended in at least two clinical guidelines 
were sourced and categorised into the original validation measure 
by the lead author, CG. Bekhof et al in 20149 conducted a syste-
matic review of asthma scoring systems. We included in this review 
(online supplemental appendix 1) validation studies since this time, 
between November 2011 (the last date of the literature search in the 
original publication) and 20 April 2024. It was outside the scope of 
this study to assess the quality of the studies as was done by Bekhof. 
Data was extracted by the lead author, CG, on the nature and ti-
ming of the validation measures studied.

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

RESULTS
A total of 158 clinical guidelines were identified. The majority 
(95.6%) were obtained from hospitals participating in national 
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or regional paediatric emergency research networks; the greatest 
number (72%) of guidelines originated from the UK and Ireland 
(PERUKI network), Spain (RISEUP-SPERG network) and the USA 
(PECARN and PEM-CRC networks). All the guidelines represent 
a single institution; however, just over half, 88/158 (55%) of guide-
lines referenced a national or regional guideline. The most refe-
renced national guideline was the British Thoracic Society (BTS) 
accounting for 27/57 (47%) of the total guidelines from this region.

Most guidelines were written in English; the most common non-
English language was Spanish. A bedside clinical score was recom-
mended in all guidelines from Spain 34/34 (100%) and Canada 8/8 
(100%), and in 27/28 (96%) of guidelines from the USA (figure 1). 
In contrast, bedside clinical scores were recommended less com-
monly in guidelines from other research networks, UK and Ireland 
4/57 (7%), Australia and New Zealand 1/17 (5%) or from other 
countries 8/15 (53%) (Costa Rica, South Africa, France, Nigeria, 
Singapore, India). Overall, 83/158 (53%) guidelines recommended 
the use of a bedside clinical score for assessment of asthma severity. 
The scores recommended in two or more guidelines and the com-
ponents that they assess are outlined in table 1. Of the guidelines 
which recommend the use of an asthma score, 98% recommended 
the score be used to assess severity on initial assessment. Further 
recommendations for the use of an asthma score were to assist with 
reassessment after initial treatment (51%) and to guide disposition 
(48%). Timing of reassessment recommended varied from 15 min 
post initial treatment to every hour during the patient’s ED stay.

The most frequently recommended scores included the pulmo-
nary score (PS) 31/83 37% (all Spanish hospitals and one other 
hospital), the Pediatric Respiratory Assessment Measure (PRAM) 
score 13/83 16% (all Canadian hospitals and three other hospi-

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

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

Since the Bekhof paper in 2014, our literature review (detailed 
in the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow diagram in online supplemental appendix 1) identi-
fied 10 further studies, with one further study by coauthor, SS, on 
initial review of the paper21 (total 11 studies). The most common 
validation measure of the scores was assessment of their predictive 
ability. The PRAM score has undergone the most extensive valida-
tion with five further trials, including one study which assessed 
responsiveness. Other validation works included the PAS in three 
studies, the PASS and the CAS in two studies, Wood and Downes 
score in one study. While the Wheezing Severity Score is cited in a 
paper by Foster et al, 2018 and described as a variation of the PS,22 
we were unable to identify any validation of this instrument.

DISCUSSION
This study demonstrates there is considerable variation in the re-
commendation of asthma scores in guidelines around the world. 
Asthma scores are commonly recommended in Canada and Spain, 
with a near-universal recommendation of a single (but different) 
score in each country. In contrast, there is little consistency with 
respect to asthma score recommended in the USA, with a large 
variety of recommended scores. Additionally, many countries do 
not use an asthma score at all. This may be in part, as is the case 
in the UK/Ireland, where many of the guidelines are based on an 
overarching guideline, the BTS, which does not recommend an 
asthma score. An ideal score for use in a clinical practice guideline 
has not been established. The principal aim for scores in clinical 
guidelines is to assist in categorising an individual into a disease 
severity category, guide therapy and measure clinical change after 
therapy. Therefore, an ideal score would have good discriminative 
ability and responsiveness and have good construct validity. How-
ever, few of the current scores address this need. Only the PRAM, 
PASS and CAS assessed their responsiveness in the original valida-
tion studies, and the PRAM is the only score that has undergone 
further validation of responsiveness in a single centre of 503 pa-
tients.23 In addition, the only two scores that have been assessed for 
their discriminative ability are the PAS12 and the PRAM.23 It is also 
common that most of the validation studies are conducted solely 
on the scores that were developed in their geographical region.23

The PS was the instrument most often recommended ove- 
rall, representing the sole score recommended in hospitals across 
Spain. The use of a single scoring system within a geographical 
region facilitates communication between healthcare providers 
about asthma severity and treatment decisions. The potential ad-
vantage of the PS is its requirement for the measurement of only 
three parameters: respiratory rate, wheeze and degree of accessory 
muscle use.22 A large single-centre retrospective study of the PS 
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suggested that initial assessment of PS>3 points is a good predic-
tor of the need for hospitalisation.24 However, this instrument had 
limited prospective validation because it was developed with the 
goal of comparing the score to an established ‘gold standard’ of 
asthma severity, that is, the pulmonary function tests (PFTs). PFT 
is rarely used in the ED setting because preschoolers who repre-
sent 60% of asthma visits to paediatric EDs cannot perform these 
tests, and 40% of the school-aged children are also unable to per-
form spirometry (PFTs).25 26

The PRAM score was the second most recommended score 
in this study. In previous asthma research, it has been used as a 
threshold for study eligibility and to measure trial outcomes.13 14 
Additionally, it has undergone the most extensive external vali-
dation, 27 including its ability to predict disposition and assess-
ment of responsiveness.21 23 28 A recent study by Thaeweerujirot et 
al (n=80) reported a PRAM score of greater than 5 at triage, prior 
to any treatment, strongly predicted the need for admission.

However, a similarly sized study by Eggnick and colleagues 
(n=50) found there was no statistical difference in the change in 
the score, from presentation to 30 min after treatment, between 
children that were hospitalised versus discharged.29 Further, 
PRAM requires palpation of suprasternal and scalene muscle con-
traction not commonly used in the assessment of asthma in EDs.27 
Future multisite studies may be useful to further clarify the results 
of previous PRAM studies.

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

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

Guidelines were collated in 2018, and it is possible that some 
guidelines have changed since the study was conducted. Other 
scores with validation data may be less widely recommended in 
clinical practice guidelines, for example, the Acute Asthma In-
tensity Research Score which has been compared with the PRAM 
score.30

CONCLUSION
This study demonstrates large international variation in the fre-
quency of asthma scores as well as in the recommendation of spe-
cific scores in guidelines. While many asthma scores have been 
recommended in asthma clinical guidelines, the majority have 
insufficient validation. Further validation efforts at national and 
international levels may clarify their clinical utility for inclusion in 
clinical practice guidelines.
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RESUMO
Contexto A oxigenoterapia de longa duração (LTOT) 
melhora a sobrevivência em doentes com hipoxemia grave 
em repouso, mas os seus efeitos sobre os internamen-
tos hospitalares são desconhecidos. Este estudo avaliou 
o impacto potencial do início da LTOT nas exacerbações 
agudas e na carga hospitalar em doentes com doença 
pulmonar obstrutiva crónica (DPOC), doença pulmonar 
intersticial (ILD) e hipertensão pulmonar (HP).
Métodos Análise longitudinal de doentes consecutivos 
da coorte populacional sueca DISCOVERY que iniciaram 
LTOT entre 2000 e 2018, com um seguimento ≥ 3 meses. 
As exacerbações agudas totais e hospitalares da doença 
subjacente, os internamentos por todas as causas e as 
consultas externas por todas as causas foram anualiza-
dos e comparados entre o ano anterior e o ano posterior 
ao início da LTOT para cada grupo de doença, e também 
de acordo com o estado hipercápnico nos doentes com 
DPOC.
Resultados Os doentes com DPOC (n = 10 134) apre-
sentaram uma redução significativa nas taxas anualizadas 
de exacerbações agudas totais e hospitalares, bem como 
nos internamentos por todas as causas após o início da 
LTOT. Em contraste, observou-se um aumento dessas taxas 
nos doentes com ILD (n = 2507) e HP (n = 850). As con-
sultas externas por todas as causas aumentaram em todos 
os grupos após o início da LTOT. Resultados semelhantes 
foram observados em doentes com DPOC hipercápnica e 
não hipercápnica. As análises de sensibilidade em doentes 
com 12 meses de seguimento mostraram uma redução 
das exacerbações agudas e dos internamentos por todas 
as causas nos grupos com ILD e HP.
Conclusão A LTOT está associada a uma redução das 
taxas de exacerbações agudas totais e hospitalares, bem 
como dos internamentos por todas as causas em doentes 
com DPOC, e também em doentes com ILD e HP com 
12 meses de seguimento. No entanto, verificou-se um 
aumento das consultas externas por todas as causas em 
todos os grupos de doença após o início da LTOT.

INTRODUCTION 
Chronic respiratory diseases are a major health 
burden worldwide, affecting over 7% of the glo-
bal population with approximately three million 
deaths each year.1 2 Resting hypoxaemia is a key 
clinical manifestation of patients with advanced 
chronic respiratory diseases. The prevalence of 
chronic resting hypoxaemia varies across diffe-
rent disease groups, but is consistently associated 
with worse prognosis and increased symptom 
burden.3 4

Long-term oxygen therapy (LTOT) is recom-
mended for patients with chronic severe resting 
hypoxaemia, which is prescribed for home use of at 
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least 15 hours per day.5 Two pivotal but small ran-
domised controlled trials from the 1980s demon-
strated survival benefits of LTOT in patients with 
chronic obstructive pulmonary disease (COPD) 
and severe resting hypoxaemia,6 7 which is now ex-
trapolated to the management of people with other 
chronic diseases, including interstitial lung disease 
(ILD) and pulmonary hypertension (PH).8–12 Des-
pite widespread use in these and other diseases, the 
effects of LTOT on acute exacerbation and health-
care utilisation remain uncertain.
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Primary analyses
To account for varying follow-up durations, events of acute exa-
cerbations, hospitalisations and outpatient visits were annualised 
for comparison before and after LTOT initiation and then model-
led using the multilevel negative binomial regression models with 
random intercept at individual level. This approach was chosen 
due to overdispersion of outcome variables (online supplemental 
e-Methods 2). Baseline assessments were evaluated at the time of 
LTOT initiation for the preceding 12 months. After the initiation 
of LTOT, outcomes were evaluated for up to 12 months of follow-
up. For patients who ceased LTOT within 12 months, the outcomes 
were divided by the length of follow-up in days and multiplied by 
365. The proportions of patients with ≥1 acute exacerbation, hospi-
talisation and outpatient visit before and after LTOT initiation were 
compared using the McNemar test. Adjusted analyses were perfor-
med by including prespecified covariates: age, sex, body mass index, 
WHO performance status, the year of LTOT initiation and length 
of follow-up, with the addition of the presence of hypercapnia for 
the COPD cohort. Concomitant use of non-invasive ventilation was 
also adjusted for in the models evaluating the COPD cohort with 
and without hypercapnia. Complete case analyses were performed 
with no imputation for missing data.

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

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

The aim of this study was to evaluate the impact of LTOT initia-
tion on acute exacerbations of the underlying chronic respiratory 
disease, hospitalisations and outpatient visits among patients with 
COPD, ILD, and PH. LTOT was hypothesised to be associated with 
reduced total and hospitalised acute exacerbations, annualised 
rates and cumulative lengths of stay of all-cause hospitalisations, 
and annualised rates of all-cause outpatient visits in patients with 
COPD, ILD and PH. We further hypothesised that among patients 
with COPD, there would be a similar reduction in acute exacerba-
tions and hospital burden following the initiation of LTOT in both 
the presence and absence of hypercapnia.

METHODS
Study population
This longitudinal study was conducted using the nationwide, popu-
lation-based DISCOVERY cohort consisting of the Swedish National 
Quality Registry of Respiratory Failure (Swedevox) with govern-
mental and other Swedish national registries (online supplemental 
e-Methods 1).13 We included consecutive patients aged ≥18 years 
who were initiated on LTOT between 2000 and 2018 for physician-
diagnosed COPD, ILD or PH with a follow-up duration of at least 3 
months. There was no restriction on the underlying cause of COPD, 
ILD or PH. The guideline recommended prescribing criteria for 
LTOT included resting arterial blood gas (ABG) on room air sho-
wing partial pressure of oxygen ≤55 mm Hg or 56 to 59 mm Hg with 
evidence of polycythaemia, cor pulmonale, and/or PH.11 The COPD 
cohort was further subdivided into hypercapnic (≥45 mm Hg) and 
non-hypercapnic (<45 mm Hg) groups using baseline arterial partial 
pressure of carbon dioxide (breathing air). For patients with multiple 
episodes of LTOT initiation, data from the latest episode were used.

Outcome evaluation
Hospital burden was evaluated in the year prior to and up to 12 
months following the initiation of LTOT. Outcomes included total 
and hospitalised acute exacerbations of the underlying disease 
responsible for LTOT initiation, all-cause hospitalisations and all-
cause outpatient visits. Non-hospitalised acute exacerbations of 
the underlying disease were determined based on the medication 
prescription records on the National Prescribed Drugs Registry13 
as follows for evaluation of total acute exacerbations:
→ COPD and ILD: initiation of a prednisolone-equivalent dose
of ≥20 mg/day or increased dose by ≥2 times compared with the 
preceding month for up to 2 weeks of use; 
→ PH: initiation or increased dose of furosemide for up to 2 
weeks, with or without concurrent initiation of thiazide or potas-
sium-sparing diuretics.
Medication prescriptions that were linked to hospitalisations 

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

Additional data
Additional extracted data from the Swedevox Registry included 
patient demographics, smoking status, LTOT initiation date and 
indication, baseline ABG and lung function, disease stability status 
and WHO performance status at LTOT initiation, and concurrent 
use of ambulatory oxygen therapy and long-term mechanical venti-
lation. The disease stability status at LTOT initiation was classified as 
chronic stable disease or postacute illness. These data have previously 
been validated for accuracy.14

Statistical analysis
Statistical analyses were performed using Stata (V.17, StataCorp, 
USA). Summary statistics are presented as frequency (%) for cate-
gorical data and mean±SD or median (IQR) for continuous data, 
depending on the distribution.
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with PH, with 1-year mortality rates post-LTOT initiation of 25%, 
44% and 32%, respectively.

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

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

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

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

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

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

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

domised controlled trials remains sparse given the ethical impli-
cations of withholding treatment. Using nationwide, population-
based data, the main finding of this study is that initiation of LTOT 
was associated with reduced disease-specific acute exacerbations 
and all-cause hospitalisations in patients with COPD who had 
severe resting hypoxaemia, as well as in those with ILD and PH 
who had follow-up of ≥12 months. Similar therapeutic benefits 
were observed in patients with hypercapnic and non-hypercapnic 
COPD. This was contrasted with an increase in all-cause outpa-
tient visits across all cohorts following LTOT initiation. Reduced 
proportions of patients with ≥1 acute exacerbation and all-cause 
hospitalisation were consistently observed across the disease co-
horts, which could be influenced by decreased follow-up durations 
due to the increased attrition rates in those with ILD and PH.

Over 540 million people are affected by chronic respiratory di-
seases, with COPD and ILD being among the most prevalent three 
diseases.1 Up to 70 million people are estimated to have PH.15 16 
Acute exacerbations are major events in COPD, ILD and PH with 
substantial risk of mortality, particularly in patients with greater 
disease severity.17–20 In-hospital mortality for hospitalised acute 
exacerbations is over 4% in COPD,17 over 50% in ILD,18 19 and be-
tween 14 and 100% in PH.20 Acute exacerbations also cause subs-
tantial morbidity with worsened symptom burden and quality of 
life in patients with COPD, ILD and PH.17 18 20 Our study is the first 
to show that the use of LTOT is associated with a reduction in both 
total and hospitalised acute exacerbations in patients with COPD, 
as well as a subset of patients with ILD and PH with ≥12 mon-
ths of follow-up. This suggests potential benefits of LTOT beyond 
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mortality, including significant cost savings from the reduction in 
hospital admissions and length of hospital stay, as well as likely 
improved symptoms and quality of life as a result of reduced total 
and severe acute exacerbations. 

Healthcare utilisation is doubled in patients with COPD and 
ILD compared with age-matched and sex-matched controls.21 22 
Pulmonary hypertension consists of five groups of different aetio-
logy with varying healthcare utilisation that is directly associated 
with disease severity.23 24 Our findings confirm previous studies of 
reduced all-cause hospitalisations with LTOT in smaller COPD 
populations,25–27 with additional evidence of similar effects in selec-
ted patients with ILD and PH. Increments in all-cause outpatient 
visits were noted across different disease cohorts. This may reflect 
the need for additional support with LTOT and outpatient disease 
management in this population.  In a previous survey of patients 
from the Swedevox Registry, over 70% experienced adverse events 
related to LTOT use, with common ones being reduced physical 
activity, dry mouth, nasal congestion or dryness, and increased 
fatigue.28 Of note, there is no requirement for routine outpatient 
visits following LTOT initiation in Sweden. This may also indicate 
that LTOT allows managing acute exacerbation as outpatients in 
some patients, or opportunities to address different health issues 
during outpatient visits for LTOT management. LTOT has been re-
ported to account for between 5% and 53% of total healthcare costs 
in patients with COPD.29 30 This variation is due to differences in 
COPD disease severity of the study populations, local healthcare 
costs and the cost categories included in the evaluation. Neverthe-
less, hospitalisations are the primary driver of healthcare costs,31 
including in patients with COPD,21 ILD32 and PH.23 24 The shift in 
the use of healthcare utilisation from hospitalisation to LTOT use 
and outpatient visits is likely favourable for the total healthcare 
costs. In-depth evaluations of factors for increased all-cause outpa-
tient visits and cost-effectiveness are needed to allow the delivery 
of optimal clinical care in patients using LTOT.

Chronic hypercapnia is present in up to 30% of patients with se-
vere COPD.33–35 Oxygen-induced hypercapnia is a complex pheno-
menon that is caused by ventilation-perfusion mismatching, chan-
ges in minute ventilation, and the Halden effect with a rightward 
shift of the carbon dioxide dissociation curve.36 37 Uncontrolled 
supplemental oxygen therapy during COPD exacerbations is as-
sociated with increased mortality.38 39 After LTOT initiation, both 
hypercapnic and non-hypercapnic COPD cohorts had similar re-
duction in total and hospitalised acute exacerbations, as well as 
all-cause hospitalisations and outpatient visits. The benefits appear 
to be more pronounced in patients with hypercapnia on adjusted 
analyses. These findings support the safety of LTOT use in patients 
with mild-to-moderate hypercapnic COPD. Nevertheless, careful 
assessment and monitoring are encouraged to ensure the absence 
of worsening hypercapnia or development of respiratory acidosis 
with LTOT in this population.40

Treatment effects of LTOT in patients who remain hypoxaemic 
postacute illness or without severe resting hypoxaemia are uncer-
tain. Both groups had reduced acute exacerbation-related and all-
cause hospitalisations following LTOT initiation in patients with 
COPD, but not in those with ILD and PH. Hypoxaemia following 
acute illness or hospitalisation is often limited to only a few days 
to a few weeks, resolving in up to 80% of patients at subsequent 
assessment between 30 and 90 days.41 42 In the LOTT trial of pa-
tients with COPD and moderate resting hypoxaemia, LTOT did 
not affect survival, hospitalisations and acute exacerbations.43 Im-
portantly, there are potential adverse effects with LTOT beyond 
the associated cost, including physical and psychological impacts 
and patient safety considerations such as falls and burn injuries.5 40 
Hence, reassessments following LTOT initiation postacute illness 
are necessary, while prescribing LTOT in patients without severe 
resting hypoxaemia should generally be discouraged and carefully 
considered in individual cases. 

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

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

CONCLUSION
This large nationwide cohort study provides supporting evidence 
on favourable impact of LTOT for treatment of resting hypoxae-
mia in COPD, as well as selected cases of ILD and PH, in reducing 
acute exacerbations and all-cause hospitalisations, with an increase 
in outpatient visits that likely represents greater ability to manage 
acute exacerbations in an outpatient setting when patients are using 
LTOT. Use of LTOT does not appear to adversely increase the risk of 
acute exacerbations or hospital burden in patients with hypercapnic 
COPD. These findings suggest potential improvement in health ou-
tcomes and healthcare costs with LTOT in patients with advanced 
chronic respiratory diseases. Cost-benefit analysis is needed to fully 
elucidate the value of LTOT to inform clinical practice and guide-
lines.
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RESUMO
Objetivo A asma e a diabetes tipo 2 são duas causas 
importantes de morbilidade a nível global. Examinámos 
a associação entre a diabetes tipo 2 e a asma em adultos 
suecos, bem como a co-agregação familiar destas doen-
ças.
Métodos Realizámos um estudo transversal com todos 
os adultos entre os 25 e os 85 anos na Suécia, entre 2009 
e 2013. A presença de asma e diabetes tipo 2 foi deter-
minada através dos registos de saúde. Os modelos foram 
ajustados para sexo, idade, nível de escolaridade, rendi-
mento e país de nascimento e, numa subamostra, tam-
bém para o índice de massa corporal (IMC). Realizámos 
ainda uma análise de co-agregação familiar para deter-
minar se fatores familiares partilhados poderiam explicar 
os resultados observados.
Resultados O estudo incluiu 5 299 245 participantes, 
dos quais 25 292 (0,5%) tinham simultaneamente asma 
e diabetes tipo 2. Na população total, a razão de proba-
bilidades (OR) para a associação entre diabetes tipo 2 e 
asma foi de 1,47 (IC 95%: 1,45 a 1,49); entre os homens 
foi de 1,30 (IC 95%: 1,27 a 1,32) e entre as mulheres 
1,63 (IC 95%: 1,60 a 1,66). As ORs foram ligeiramente 
mais elevadas entre os homens (1,51) e mulheres (2,04) 
com medições de IMC disponíveis, mas atenuaram-se 
após o ajuste para o IMC: 1,45 (IC 95%: 1,40 a 1,51) 
nos homens e 1,76 (IC 95%: 1,68 a 1,84) nas mulheres.
A diabetes foi mais provável em indivíduos cujo irmão de 
sangue tinha asma, em comparação com aqueles cujos 
irmãos não tinham (OR: 1,13, IC 95%: 1,10 a 1,15).
Conclusões Encontrámos uma associação entre asma 
e diabetes tipo 2 que se manteve mesmo após o ajuste 
para o IMC, o que indica que o IMC, por si só, não explica 
esta relação. Verificámos também que as duas condições 
co-ocorrem entre irmãos, sugerindo que a associação se 
deve, em parte, a fatores genéticos e ambientais familia-
res partilhados.

INTRODUCTION
Asthma and type 2 diabetes are two complex and 
prevalent diseases, each constituting a signifi-
cant public health problem. Studies have shown 
that both may coexist in the same individual,1–3 
and it is hypothesised that this may be due to se- 
veral possible mechanisms. Both conditions share 
in common a sustained proinflammtory state,4,5 
which may or may not be associated with obe-
sity.2 6 7 Asthma is associated with the upregulation 
of multiple proinflammatory cytokines, possibly 
through the activation of nuclear factor (NF)-κB, 
such as interleukin (IL)-4, IL-5, IL-6, IL-13 and 
IL-17, tumour necrosis factor (TNF)-α and dif-
ferent adhesion molecules.8 9 It has been proposed 
that constantly raised levels of these cytokines may 
cause insulin resistance, drive systemic inflam-
mation and consequently result in type 2 diabe-
tes.2,5,10,11 There is also evidence that asthma is a 
systemic disorder with significant cross-commu-

nication through inflammatory mediators to other 
distant organs.8,9 Further, hormone imbalances as 
observed in hyperleptinaemia, leptin resistance 
and hyperinsulinaemia are important in the de-
velopment of both asthma and type 2 diabetes.3,12,13 
Insulin plays an important role in physiological 
lung development, supporting alveolarisation. In 
hyperinsulinaemia, the levels interfere with lung 
development and maturation, while facilitating a 
proasthmatic immune environment.14 15

The underlying factors associated with asthma, 
and independently with type 2 diabetes, are known 
to be dependent on several risk factors,8 10 with the 
phenotypic expression being modified by genetic and 
environmental factors.1 16 An important common risk 
factor for both diseases is obesity. Evidence exists for 
the shared genetics between asthma and obesity,17 and 
similarly, type 2 diabetes is a trait strongly correlated 
with obesity.16 While previous studies have shown 
conflicting findings regarding the within-person re-
lationship between asthma and type 2 diabetes, to 
the best of our knowledge, there have been very few 
studies that have attempted to study the possibility of 
familial coaggregation of both diseases.

Familial coaggregation studies offer evidence for 
familial clustering of two diseases, allowing inves-
tigators to test for the presence of shared genetic 
and/or environmental factors that may contribute 
to this association.18 To further advance the under-
standing of the relationship between asthma and 
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type 2 diabetes in the Swedish population, we carried out a popu-
lation-based cross-sectional study using the rich Swedish national 
registers, with the aim of examining both the association of type 
2 diabetes with asthma in adults in this population regarding the 
familial coaggregation of the diseases.

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

Participants were identified using the Register of the Total 
Population with information on birth, migration and civil status 
of all Swedish residents.19 From the population of 8 163 216, we 
excluded people who died before 1 January 2014 (n=1 138 473), 
those who had not resided in Sweden during the full duration of 
the study (n=432 199) to ensure complete coverage of diagnoses 
and medication in the registers and those who emigrated from 
Sweden (1 045 242). It was possible to extract information on 
physician-diagnosed asthma or type 2 diabetes from the National 
Patient Register20 and the Swedish Prescribed Drug Register.21 The 
National Patient Register has had complete coverage for inpatient 
hospital diagnoses since 1987, and approximately 80% of outpa-
tient specialist care visits since 2001. The Swedish Prescribed Drug 
Register has been available since July 2005 and contains informa-
tion on drugs indicated for treatment which have been dispensed 
at pharmacies in Sweden.

Further, all participants who had a diagnosis of type 1 diabetes 
in the National Patient Register or were dispensed relevant medi-
cation from the Swedish Prescribed Register were also excluded. 
Type 1 diabetes was defined as the International Classification of 
Diseases (ICD)-10 E10 and/or insulin or insulin analogues (Ana-
tomical Therapeutic Chemical (ATC) A10A), without any other 
blood glucose-lowering drugs ever22 (n=85 213).

Due to the overlap in medication for asthma and chronic ob-
structive pulmonary disease (COPD), we additionally excluded 
172 917 participants with COPD in either the National Patient 
Register (ICD-10 J44) or the Swedish Prescribed Drug Register 
(ATC codes R03AL (beta-2 agonists in combination with anti-
cholinergics including triple combinations with corticosteroids) 
and R03BB (anticholinergics)). Finally, we also excluded everyone 

missing socioeconomic information from the registers (n=59 927).
We further distinguished between type 2 diabetes as defined by 

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

Information on family relations (full siblings) was further identi-
fied from the Multi-Generation Register.23 First, both biological pa-
rents’ personal identity numbers were used as the nuclear family ID 
to identify all sibling pairs. For families with more than two siblings, 
we have generated all possible sibling pairs for comparison (eg, six 
pairs for a three-sibling family who share the same family ID would 
be identified: sib1-sib2, sib1-sib3, sib2-sib3, sib3-sib2, sib3-sib1 and 
sib2-sib1). The pairs of full siblings within the study population 
who fell into the age category 45–78 in 2009 were then selected and 
included in the family coggregation analyses (n=3 153 219), out of 
whom 750 153 were full brothers and 822 241 were full sisters. 

Body mass index (BMI) was only available for a subset of the 
population. It was possible to retrieve information on BMI for a 
subset of men from the Swedish Conscription Register enlisted 
between 1967 and 2001 (n=1 535 814; 29.0% of the total popula-
tion). This register includes information on all military conscripts 
around 18 years of age.24 We then extracted information on BMI 
for pregnant women in the Medical Birth Register (n=1 223 304; 
23.1% of the total population). The register reports >98% of all 
births in Sweden annually (established 1973) and includes mater-
nal information such as BMI in early pregnancy at the first antena-
tal booking from 1982 and onwards25 (figure 1).

The Longitudinal Integration Database for Health Insurance and 
Labor Market Studies includes microdata about highest attained 
education and income by calendar year.26 We used it to extract infor-
mation on socioeconomic status measured as education and house-
hold disposable income in 2011. Further information regarding the 
registers is included in the online supplemental material.

Dependent variable
Type 2 diabetes was defined as either physician-diagnosed in the 
National Patient Register20 ICD-10 code E11 (n=155 396) and/or
as blood glucose-lowering drugs except insulin (ATC-code A10B) 
in the Swedish Prescribed Drug Register (n=263 686). All cases 
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Statistical analyses
Logistic regression was used to estimate ORs with 95% CIs exam-
ining the association between type 2 diabetes (dependent variable) 
and asthma (independent variable) with cluster-robust sandwich 
estimator to account for dependencies between siblings. In the first 
part of the study, this was done to measure within-person associa-
tion in the total population, in only the men and then only in the 
women. Adjustment was made in three steps in the total popu-
lation. First, we adjusted for age (continuous); then age and sex; 
then fully adjusted for age, sex, education level, income and birth 
country. We then repeated all three steps in a subset of the men 
only and women only populations, additionally adjusting for BMI.

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

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

All analyses were conducted using Stata V.16.

RESULTS
Out of 5 229 245 Swedish residents, 2 577 583 (49.3%) were male, 
2 086 792 (39.9 %) were aged between 45 and 65, and 4 527 082 
(86.6%) were born in Sweden. Additionally, 334 680 (6.4%) of the 
adults had asthma only, 241 656 (4.6%) had type 2 diabetes only 
and 25 292 (0.5%) had both asthma and type 2 diabetes. The base-
line features of the study participants are detailed in table 1. We 

had to fulfil the definition of current disease at any time between 
2009 and 2013.

For additional analysis, we also identified all the other types of 
diabetes mellitus (extended diabetes definition) based on ICD-10 
E11 in addition to the other non-insulin dependent definitions of 
diabetes including gestational diabetes O24 (3442), malnutrition-
related diabetes mellitus ICD-10 E12 (n=126), other specified dia-
betes mellitus ICD-10 E13 (n=795) and unspecified diabetes mel-
litus ICD-10 E14 (n=17 424, online supplemental table 1).

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

Independent variable
Asthma was identified in the National Patient Register as ICD-10 
J45 or J46 and/or identified in the Swedish Prescribed Drug 
Register as inhalations of selective β2-adrenoreceptor agonists 
(ATC R03AC), glucocorticoids (R03BA), fixed combinations 
of β2-agonists and glucocorticoids (R03AK) and leukotriene 
receptor antagonists (R03DC) according to a previously validated 
algorithm (n=359 972).27 It was not possible to determine which 
individuals had previously been diagnosed with paediatric asthma 
as the Swedish Prescribed Drug Register has only been in existence 
since 2004 and would not cover childhood for all participants.

Covariates
Covariates were selected based on a directed acyclic graph (figure 2). 
Variables identified included age (continuous variable), sex (male/fe-
male), education level (primary ≤9 years, secondary 10–12 years, ter-
tiary >12 years) and country of birth (Sweden, other Nordic country, 
non-Nordic country). Income was categorised into quintiles by birth 
year (1=lowest, 5=highest). This variable was created by dividing the 
annual household income into five groups, divided by quintiles, from 
lowest income to highest for each birth year. BMI was categorised as 
underweight (<18.5 kg/m2), healthy weight (18.5–24.9 kg/m2), over-
weight (25.0–29.9 kg/m2) and obesity (≥30 kg/m2)).
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women), we observed that similar to the women in the total popula-
tion, there was an association observed which attenuated after ad-
justment for BMI (age-adjusted OR 2.04; 95% CI 1.97 to 2.12 and 
fully adjusted OR 1.76; 95% CI 1.68 to 1.84) (table 2). 

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

Sensitivity analysis
Using the extended diabetes definition also including ICD-10 E12, 
E13, E14 and O24, online supplemental table 1; we observed, simi-
lar to the previous analysis, increased odds of type 2 diabetes in 
all five cohorts—general population, men among total population, 
women among total population, men in the Conscription Register 
and women in the Medical Birth Register respectively (fully ad-
justed OR 1.47; 95% CI 1.45 to 1.49, OR 1.30; 95% CI 1.27 to 1.32, 
OR 1.63; 95% CI 1.60 to 1.66, OR 1.51; 95% CI 1.45 to 1.56 and OR 
2.04; 95% CI 1.96 to 2.11) (online supplemental table 4).

Regardless of whether only the ICD-10 E11 diagnosis or the 
drug ATC-A10B and all oral hypoglycaemic drug subgroups were 
considered, the odds of type 2 diabetes remained increased (fully 
adjusted ORs 1.30 to 1.67), online supplemental tables 5 and 6.

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

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

In the Conscription Register (subgroup of men), we observed that, 
like men in the total population, there was an association observed 
between asthma and type 2 diabetes. However, on adjustment for 
BMI, there was an attenuation of the observed odds; (age-adjusted 
OR, 1.49; 95% CI 1.44 to 1.55 and fully adjusted OR 1.45; 95% CI 
1.40 to 1.51). Similarly, in the Medical Birth Register (subgroup of 
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DISCUSSION
In this population-based cross-sectional study, we found an asso-
ciation between current asthma and type 2 diabetes, with a 47% 
higher prevalence of asthma among those with type 2 diabetes. 
Although we could not directly account for smoking habits, this 
relationship sustained after adjusting for BMI, as well as other 
demographic and socioeconomic factors, as observed in both the 
male and female populations. The ORs for the female-only popu-
lation were higher than those for the male-only population. Using 
different definitions of type 2 diabetes with an extended diabetes 
definition based on diagnoses from inpatient and outpatient spe-
cialist care and/or medication dispenses did not seem to change 
the observed associations. The familial coaggregation results sug-
gested some shared familial risk factors explaining the association 
between asthma and type 2 diabetes. 

Comparison with previous studies
The relationship between asthma and type 2 diabetes is considered
bidirectional.28 

Previous studies have shown that there is an increased risk of 
type 2 diabetes in patients with asthma2 29 30 and of asthma in par-
ticipants with type 2 diabetes.1 31 In the cross-sectional study by 
Black et al, those with asthma had a higher prevalence of type 2 
diabetes.32 Although similar findings were observed in the lon-
gitudinal study by Mueller et al, the association between asthma 
and type 2 diabetes was attenuated after adjustment for BMI. The 
investigators thus concluded that obesity was an important con-
founder in this association.2 In our study, we also found that obe-
sity was a confounder in the relationship between asthma and type 
2 diabetes; however, an association still remains.

In the reverse direction, an association has also been observed 
between diabetes and adult-onset asthma.31 According to Thom-
sen et al, this association remained even after adjusting for impor-
tant risk factors like smoking, age and BMI.1 According to Baek et 
al, despite similar findings, it was observed that only participants 
with severe or uncontrolled type 2 diabetes are at higher risk of 
developing asthma.31

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

associated with older age at asthma diagnosis.33 Glucocorticoids 
are associated with a strong dose-dependent risk for obesity and 
type 2 diabetes34 and tend to be prescribed in severe asthma. Fur-
ther, asthma is associated with increased production of IL-6. High 
levels of chronic systemic IL-6 cause insulin resistance and ge-
neral metabolic dysfunction. IL-6 impairs the phosphorylation of 
insulin receptor and insulin receptor substrate-1 by inducing the 
expression of suppressor of cytokine signalling-3, a potential inhi-
bitor of insulin signalling.35 This is important in the pathogenesis 
of type 2 diabetes.

Conversely, in the opposite direction, type 2 diabetes may also 
increase the likelihood of asthma. Hyperglycaemia leads to the 
production of advanced glycation end-products which induce oxi-
dative stress; the resulting oxidative stress and pro-inflammatory 
responses cause microvascular damage and may induce dysfunc-
tion of the alveolar microvasculature.31 36 This may predispose pa-
tients with type 2 diabetes to asthma. In the Canadian National 
Population Health Survey, it was observed that obesity was related 
to the development of asthma in women but not in men.37 Obesity 
is associated with more severe asthma and may lead to prescri-
bing inhaled corticosteroids more frequently or at higher doses.38 
This may lead to a higher risk of type 2 diabetes,39 40 although this 
was disputed in a Swedish study by Hedberg and Rössner, who 
concluded that there was no strong evidence to suggest that mo-
dern pharmacological asthma treatment may contribute much to 
the development of obesity in either men or women taking asthma 
medication.41 They instead suggested that obesity was a modifiable 
risk factor for asthma.41

Furthermore, hyperinsulinaemia, associated with obesity, may 
inhibit surfactant A and D production by shifting T cells towards 
a Th2-type response, promote mast cell survival and proliferate 
and contract airway smooth muscle cells, all predisposing the in-
dividual to asthma.42 Additionally, obesity is characterised by a 
low-grade systemic inflammation with increased proinflammatory 
cytokines and adipokines.40

We went further to expand our findings in the familial co-aggre-
gation where even after controlling for co-occurrence of asthma 
and diabetes in full siblings, we found that there are shared fami-
lial factors in this relationship. These shared familial factors could 
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be, for example, shared genetic components or lifestyle factors. 
A previous study on the association between asthma and type 1 
diabetes also found familial coaggregation with estimates of (OR 
1.27, 95% CI 1.13 to 1.42).43 Although type 1 and type 2 diabetes 
have different aetiologies and manifestations, shared familial fac-
tors could still be similar. Future studies using other genetically 
informative designs will be able to elucidate how shared familial 
factors contribute to asthma and type 2 diabetes. For example, es-
timating shared heritability, linkage disequilibrium score regres-
sion, candidate genes or genome-wide cross-trait analyses will be 
instrumental in the understanding of the comorbidity.

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

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

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

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

CONCLUSIONS
We found an association between asthma and type 2 diabetes that 
remained significant also after adjusting for BMI. We also found 
that asthma and type 2 diabetes coaggregate in full siblings, in-
dicating that the association is partly due to shared genetic and 
environmental risk factors. Thus, the family history of either di-
sorder should indicate ascertainment of the other, and future stu-
dies should further investigate genetic variants underlying the co-
occurrence.
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RESUMO
Introdução Apesar dos avanços no tratamento da asma, 
muitos doentes continuam a apresentar um controlo defi-
ciente da doença, declínio da função pulmonar e exa-
cerbações frequentes. A remissão clínica (RC) tem sido 
proposta como um novo objetivo terapêutico e marcador 
substituto para resultados a longo prazo. Este estudo 
avalia se a RC precoce, um ano após o início dos corti-
costeroides inalados (CSI), influencia o declínio da função 
pulmonar e o risco de exacerbações na asma.
Métodos Este estudo de coorte retrospetivo avaliou 492 
doentes com asma tratados com CSI em dois hospitais 
universitários. Os doentes foram classificados em dois 
grupos: RC precoce e não RC precoce. A RC precoce foi 
definida com base num conjunto de critérios compostos, 
incluindo ausência sustentada de exacerbações, não uti-
lização de corticosteroides sistémicos, controlo dos sinto-
mas e função pulmonar estável ou melhorada no primeiro 
ano após o início dos CSI. Os resultados do estudo foram o 
declínio anual do volume expiratório forçado no primeiro 
segundo (FEV1) e as exacerbações moderadas a graves.
Resultados A RC precoce esteve significativamente asso-
ciada a um declínio anual mais lento do FEV1 (RC com 
4 componentes, β ajustado = 31,6 mL/ano, p = 0,001; 
RC com 3 componentes, β ajustado = 15,7 mL/ano, p 
= 0,043). Os benefícios da RC precoce com 4 compo-
nentes na atenuação do declínio anual do FEV1 foram 
mais evidentes em fenótipos específicos, incluindo asma 
tipo 2 elevada, limitação persistente do fluxo aéreo, asma 
grave e doentes que necessitam de antagonistas musca-
rínicos de longa duração como terapêutica adicional. A 
RC precoce com 4 componentes esteve associada a um 
risco reduzido de exacerbações moderadas a graves (HR 
ajustado = 0,591, p = 0,011) e de exacerbações graves 
(HR ajustado = 0,508, p = 0,025).
Conclusões Alcançar a RC no prazo de um ano após o 
início dos CSI esteve associado à preservação da função 
pulmonar e à redução do risco de exacerbações. Estes 
resultados sugerem a importância de alcançar a RC pre-
coce como objetivo clínico na gestão da asma.

INTRODUCTION 
Asthma is a chronic inflammatory disorder of 
the airways, characterised by variable and recur-
ring symptoms, reversible airflow obstruction and 
bronchial hyper-responsiveness. Despite advances 
in therapeutic strategies, a considerable propor-
tion of asthma patients continue to experience 
poor disease control, accelerated lung function 
decline and frequent exacerbations.1–3 Individual 
responses to inhaled corticosteroids (ICSs) vary 
considerably according to the underlying pheno-
typic heterogeneity of asthma.4 5 This phenotypic 
heterogeneity is associated with diverse inflam-
matory patterns and endotypes, among which 
eosinophilic and non-eosinophilic subtypes 
are particularly prominent.6 The patterns of 

pathobiological inflammation in asthma patients 
are linked to disease severity, airway remodelling 
and comorbidities, all of which reportedly influ-
ence treatment outcomes.4 6 7

Disease modification in asthma refers to stra-
tegies aimed at altering the natural trajectory of 
the disease by suppressing airway inflammation, 
mitigating structural changes and preserving lung 
function.8 In this context, clinical remission (CR) 
has been highlighted as a novel treatment goal 
for asthma management. Unlike traditional goals 
such as symptom control or exacerbation preven-
tion, CR encapsulates sustained symptom resolu-
tion, stabilisation of lung function and minimal 
therapeutic burden.9 Given the phenotypic and 
endotypic heterogeneity in asthma, it is necessary 
to evaluate whether CR can be considered as a 
treatment goal to improve long-term outcomes in 
asthma patients treated with ICS.

ARTIGO ORIGINAL 

Remissão clínica precoce e o seu papel no declínio 
da função pulmonar e nas exacerbações em 
adultos coreanos com asma
Eunhye Bae,1 Hyun-Jun Park,2 Heemoon Park,3 Jung-Kyu Lee,3 Eun Young Heo,3 
Chang Hoon Lee,2 Deog Kyeom Kim,3 Hyun Woo Lee3

To cite: Bae E, Park H-J,
Park H, et al. Thorax 
2025;80:273–282.

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

Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uClinical remission (CR) has been propo-
sed as a critical therapeutic goal in asthma 
management. However, evidence on the 
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Lung function decline and asthma exacerbations can serve as 
indicators of how effectively underlying pathological inflamma-
tion is being controlled. Lung function decline, particularly the 
annual rate of decline in forced expiratory volume in 1 s (FEV1), 
is an indicator closely associated with airway remodelling and 
airway hyper-responsiveness in asthma.10 Asthma exacerbations 
reflect inadequate disease control and link to accelerated lung 
function decline.11 These clinical outcomes are associated with the 
prognosis of asthma patients.12 13 However, the long-term influence 
of CR on attenuating lung function decline and reducing the risk 
of exacerbations has been insufficiently explored.

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

METHODS
Study design and participants
Our study adhered to the principles delineated in the Streng-
thening the Reporting of Observational Studies in Epidemiology) 
statement.14

Study design and participants
The present retrospective cohort study evaluated asthma patients 
at two teaching hospitals between January 2010 and December 
2023. The inclusion criteria were as follows: (1) patients diagnosed 
with asthma aged 18 years or older, (2) treatment with ICS during 
the observation period, (3) annual laboratory tests and spirometry 
measurements performed using consistent methodologies and (4) 
a minimum follow-up duration of 2 years. Asthma diagnosis was 
confirmed based on the presence of variable respiratory symp-
toms and evidence of variable expiratory airflow limitation, as 
defined in the Global Initiative for Asthma (GINA) 2024 report15: 
Variable expiratory airflow limitation was confirmed by meeting 
one or more of the following criteria: (1) positive bronchodilator 
responsiveness (BDR), defined as an increase in FEV1 of ≥12% 
and ≥200 mL following the administration of 400 μg salbutamol; 
(2) improvement in lung function after treatment, defined as 
an increase in FEV1 of ≥12% and ≥200 mL following 4–8 weeks 
of controller therapy (eg, ICS or ICS-long-acting beta-agonist 
(LABA)) or (3) excessive variation in lung function between visits, 
characterised by documented variability in FEV1 of >12% and >200 
mL on at least two occasions over time. Outpatient visits for exa-
cerbation monitoring and symptom control evaluation occurred at 
least three times per year for all patients.

Variables
Baseline characteristics were collected, including age, sex, body 
mass index, smoking status and cigarette pack-years in ever-
smokers, and socioeconomic status. Underlying comorbidities 
such as chronic rhinosinusitis and nasal polyp were identified, and 
the Charlson comorbidity index was assessed. Emphysema, bron-
chiectasis and interstitial lung disease or interstitial lung abnor-
malities were evaluated based on radiologists’ reports from chest 
CT scans. Laboratory data included blood eosinophil counts, total 
IgE levels, positivity for specific IgE and fractional exhaled nitric 
oxide (FeNO) levels. Spirometric assessments were performed 
including prebronchodilator and postbronchodilator FEV1, forced 
vital capacity (FVC), FEV1/FVC ratio and BDR.

Clinical features were assessed at 1 year after initiating ICS 
therapy to allow for an adequate observation period necessary 
to reliably determine asthma severity and the appropriateness of 
the treatment regimen.16 These assessments included clinical phe-
notypes of asthma, symptom control status—measured using the 
Asthma Control Test (ACT) score—and asthma severity. Type 
2-high asthma was defined as the presence of blood eosinophils 
≥150 cells/μL in conjunction with FeNO≥25 ppb. Conversely, type 
2-low asthma was defined as the presence of blood eosinophils 
<150 cells/μL and FeNO<25 ppb. Persistent airflow limitation 
(PAL) was defined as a postbronchodilator FEV1/FVC ratio of <0.7 
at the initiation of ICS therapy, measured during stable disease con-

ditions. Asthma severity was assessed 1 year after ICS initiation, 
following an adequate observation period to determine the treat-
ment level required for disease control, ensuring it reflects both 
intrinsic disease burden and treatment response. Asthma severity 
was classified based on the GINA 2024 report.15 Mild asthma was 
defined as being well controlled with low-dose ICS, as-needed ICS/
LABA or as-needed ICS with short-acting beta-agonist (SABA). 
Moderate asthma was defined as being well controlled with low-
dose or medium-dose ICS/LABA. Severe asthma was defined as 
requiring high-dose ICS/LABA or remaining uncontrolled despite 
high-dose ICS/LABA. Low-dose, medium-dose and high-dose 
ICS were defined in accordance with the GINA 2024 report.15 For 
example, budesonide is categorised as low-dose at 200 to 400 μg/
day, medium dose at >400 to 800 μg/day and high dose at >800 
μg/day. Treatment regimens were meticulously documented, inclu-
ding the use of LABAs, ICS dosages, specific ICS drugs prescribed, 
reliever medications such as ICS-formoterol and SABA, and add-
on therapies such as long-acting muscarinic antagonists (LAMAs), 
leukotriene receptor antagonists (LTRAs), theophylline and sys-
temic corticosteroids.

Patient group definition
The index date was defined as the initiation of ICS therapy, and CR 
was evaluated over a 1-year exposure assessment window postin-
dex. CR was assessed using two definitions: (1) 4-component CR, 
requiring the absence of asthma exacerbations, well-controlled 
asthma symptoms (ACT score ≥20), no need for systemic corti-
costeroids and stable or normal lung function (postbronchodilator 
FEV1 decline ≤5% predicted or postbronchodilator FEV1≥80% pre-
dicted) and (2) 3-component CR, defined similarly but excluding 
the lung function criterion.17 Patients were classified as either early 
CR or non-early CR based on whether CR was achieved at 1 year 
after ICS initiation.

Outcomes
The study outcomes were the annual rate of FEV1 decline (mL/year) 
and acute exacerbation events. The evaluation of study outcomes 
commenced 1 year after the initiation of ICS treatment. The seve-
rity of asthma exacerbations was classified based on the previous 
guidance.18 Moderate asthma exacerbations were defined by at least 
one of the following: (1) deterioration in symptoms, (2) deterioration 
in lung function or (3) increased use of reliever medication. Severe 
asthma exacerbations were defined as either (1) the use of systemic 
corticosteroids or (2) hospitalisation or an emergency room visit. 
Moderate-to-severe exacerbations were defined as the occurrence of 
at least one moderate or severe asthma exacerbation.

Statistical analysis
Between-group comparisons were conducted using the χ2 test or 
Fisher’s exact test for categorical variables and Student’s t-test or 
Wilcoxon rank-sum test for continuous variables.

The annual rate of FEV1 decline was analysed using univariable 
and multivariable linear mixed-effects models. Subgroup analyses 
were performed to evaluate the impact of early CR on the annual 
FEV1 decline rate across specific phenotypes, including type 2-high 
or type 2-low asthma, asthma with PAL, asthma severity, type 
of reliever medication (ICS-formoterol or SABA) and the use of 
add-on LAMA therapy.

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

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

Statistical significance was defined as a p<0.05. Data analyses were 
performed using R statistical software (V.4.4.1).
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RESULTS
Study population
A total of 607 patients with asthma were assessed for eligibility in 
this study (figure 1). Of these, 100 patients were excluded due to a 
follow-up period of less than 2 years, 14 patients did not undergo 
annual spirometric assessments during the observation period and 1 
patient was diagnosed with asthma before the age of 18. This resulted 
in a final cohort of 492 patients who were eligible for the present 
study. These patients were stratified into two groups based on CR 
achievement at the 1-year follow-up time point: 100 patients (20.3%) 
were classified into the early 3-component CR group and 76 patients 
(15.4%) were classified into the early CR group. The median follow-
up period was 89 (IQR=35–124) months for the early 4-component 
CR group, 95 (IQR=47–127) months for the non-early 4-component 
CR group. The percentages of patients meeting specific CR criteria 
are summarised in online supplemental information 2.

Baseline characteristics
The baseline characteristics of the early and non-early CR groups 
are summarised in table 1 and online supplemental information 
3. The early 4-component CR group had a significantly higher 
proportion of ex-smokers. Among comorbidities, nasal polyps 
were significantly more prevalent in the early 4-component CR 
group. Radiological findings showed no significant differences 
between groups. In laboratory findings, the early 4-component CR 
group showed a slightly higher median blood eosinophil count and 
IgE level, although these differences were not statistically signifi-
cant. FeNO levels were comparable between groups. Spirometric 
assessments showed no significant differences between the early 
and non-early 4-component CR groups in baseline prebroncho-
dilator and postbronchodilator FEV1, FVC, FEV1/FVC ratio and 
BDR.

Clinical features 1 year after ICS therapy
One year after initiating ICS therapy, the early 4-component 
CR group demonstrated higher ACT scores (table 2). The early 
4-component CR group showed a numerically higher proportion 
of type 2-high asthma and lower proportion of severe asthma 
without statistical significance. We found no significant differences 
in treatment patterns between the early and non-early 4-compo-
nent CR groups. Similar results were found between the early and 
non-early 3-component CR groups (online supplemental informa-
tion 4).

Annual FEV1 decline rate
When examining the FEV1 over time, the significant differences 
between the early CR and the non-early CR groups remained consis-
tent throughout the observation period (all comparisons, p<0.001, 
figure 2).

Specifically, the annual FEV1 decline rate was significantly atte-
nuated in the early 4-component CR group compared with the 
non-early 4-component CR group (adjusted β=31.6 mL/year (95% 
CI=12.5 to 51.2, p=0.001)) and in the early 3-component CR group 
compared with the non-early 3-component CR group (adjusted 
β=15.7 mL/year (95% CI=0.5 to 30.8, p=0.043)), table 3). These 
results remained robust even after accounting for potential unme-
asured confounding factors (online supplemental information 5).

Significant interactions were observed in the effect of Early CR 
on the annual FEV1 decline rate across specific subgroups (table 
3). The early 4-component CR group was more associated with a 
reduced annual FEV1 decline rate in subgroup population with 
type 2-high asthma (β=35.7 mL/year (95% CI=2.0 to 69.4, p=0.038, 
asthma with PAL (β=43.3 mL/year (95% CI=23.6 to 63.5, p=0.023)), 
severe asthma (β=31.4 mL/year (95% CI=1.2 to 61.9, p=0.044)) and 
those treated with add-on LAMA (β=15.5 mL/year (95% CI=6.6 to 
24.3, p<0.001)). The early 3-component CR group was more asso-
ciated with a reduced annual FEV1 decline rate in subgroup popula-
tion with asthma with PAL (β=41.5 mL/year (95% CI=11.6 to 71.0, 
p=0.006)), severe asthma (β=36.7 mL/year (95% CI=2.5 to 71.6, 
p=0.039)) and those treated with ICS-formoterol reliever (β=17.0 
mL/year (95% CI=3.2 to 30.3, p=0.014)).

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

The early 4-component CR group showed a significantly 
reduced hazard for moderate-to- severe exacerbations (adjusted 
HR (aHR)=0.591 (95% CI=0.394 to 0.887), p=0.011) in the multi-
variable Cox regression model (table 4). Similarly, the hazard for 
severe exacerbations was significantly lower in the early 4-compo-
nent CR group (aHR=0.508 (95% CI=0.280 to 0.920), p=0.025). In 
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early CR is associated with a significantly attenuated annual decline 
in FEV1 compared with non-early CR, with a stronger effect size 
observed in the early 4-component CR group than in the early 
3-component CR group. Notably, the benefits of early CR on FEV1 
decline were more evident in specific subgroups, including patients 
with type 2-high asthma, asthma with PAL, severe asthma or those 
receiving ICS-formoterol reliever or add-on LAMA therapy. These 
findings suggest that the effectiveness of achieving early CR may be 
modulated by underlying asthma phenotypes and treatment regi-
mens. In terms of exacerbation outcomes, early CR was linked to a 
prolonged time to the first moderate-to-severe and severe exacer-
bation compared with non-CR. Especially, the early 4-component 
CR group demonstrated a significantly reduced hazard for both 

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

DISCUSSION
Our study evaluated the long-term clinical outcomes of asthma 
patients according to 4-component and 3-component CR achieve-
ment at 1 year after ICS initiation, focusing on its effects on lung 
function decline and exacerbation risk. Our results indicate that 
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moderate-to-severe exacerbations and severe exacerbations, unders-
coring its potential role in reducing future risk of exacerbations. In 
contrast, the early 3-component CR group did not show a significant 
reduction in hazard of acute exacerbations. These findings highlight 
the importance of incorporating stable lung function criteria in defi-
ning CR, as they may provide a more comprehensive reflection of 
underlying airway stability and disease control. 

CR can be achieved in asthma patients treated with ICS, exten-
ding beyond the conventional concept of ‘good asthma control’. 
Generally, ‘good asthma control’ aims to minimise symptoms and 
manage exacerbation risk.19 When symptom control is maintained 
and no exacerbations occur for several months, asthma is consi-
dered well controlled, and ICS dose reduction is often initiated to 
minimise long-term adverse effects of ICS.15 In contrast, CR repre-
sents a more durable absence of symptoms, marked by the elimi-
nation of exacerbations requiring systemic corticosteroids and 
stabilisation of lung function for at least a year.19 CR differs funda-
mentally from ‘good asthma control’ by focusing on the elimination 
of airway inflammation as a central consideration.19 In our study, 

early CR is speculated to contribute to reducing underlying patho-
logical inflammation, as reflected by its association with attenuated 
FEV1 decline and fewer exacerbations. Nonetheless, CR should not 
be conflated with concepts like complete remission, cure or disease 
modification, which imply the normalisation of underlying patho-
logical states such as small airway remodelling and the absence of 
disease signs and symptoms without ongoing treatment.9 20 Additio-
nally, the challenge still remains that CR has been defined variably 
across countries and clinical studies, which limits its applicability in 
clinical practice.21 22

The prevalence of CR varies widely across studies, depending on 
the definitions and observation periods used. In the patients with 
severe eosinophilic asthma, biologics have been shown to induce 
CR in 14%–36%, while ICS with or without LABA therapy has 
reported CR rates ranging from 4% to 25%.23–28 A recent meta-
analysis estimated a pooled CR rate of 30%–38% among patients 
with severe asthma treated with biologics.29 In our study, approxi-
mately 15%–20% of patients met the criteria for early CR, a relatively 
lower rate compared with previous reports. This difference may be 
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explained by the limited use  of biologics and the high prevalence 
of respiratory comorbidities in our cohort. Specifically, the use of 
biologics was rare, likely contributing to the lower CR rate. Indeed, 
the CR rates observed in our study are comparable to those reported 
for control groups receiving ICS without biologics in randomised 
controlled trials.24 27 28 Conversely, LTRA was used in approxima-
tely 44% of patients, reflecting the frequent use of LTRA in Korean 
clinical practice, as previous studies have shown usage rates nearing 
50%.30 The strict national insurance coverage criteria for biologics in 
Korea may explain the preference for LTRA as an alternative.

Additionally, our cohort included a significant proportion of 
asthma patients with PAL, reflecting the high prevalence of paren-
chymal destruction observed among asthma patients in Korea. 
Although the national smoking burden has been on a declining 

trend, it remains substantial.31 Furthermore, the prevalence of myco-
bacterial infections in Korea is notably higher than in other deve-
loped countries.32 33 Notably, the prevalence of bronchiectasis among 
asthma patients in Korea was reported at approximately 17%, a rate 
significantly higher than that observed in other populations.34

This study has several limitations. First, as a retrospective cohort 
study, it may be subject to bias from unmeasured confounding 
factors, despite efforts to adjust for known covariates. Potential 
confounders include socioeconomic or environmental factors, 
inspiratory flow, inhaler technique, the frequency of medication 
adjustments and the duration of treatment adherence assessment. 
Second, our study has a risk of selection bias given the predomi-
nance of moderate and severe asthma cases. This phenomenon 
likely reflects the patient population typically seen in teaching 
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hospitals. In addition, as the quality of inhaler technique remains 
unknown, it is possible that some cases of difficult-to-treat asthma 
were included among severe asthma patients, contributing to the 
high prevalence of severe asthma observed. Third, the study popu-
lation was limited to patients from two teaching hospitals, which 
may restrict the generalisabiity of the findings to broader, more 
diverse asthma populations or to those managed in primary care 
settings. Fourth, although we stratified patients based on the timing 
of CR achievement, longitudinal assessments of airway inflamma-
tion markers, such as sputum eosinophil counts, were unavailable, 
limiting our ability to comprehensively evaluate the inflammatory 
control associated with CR. Fifth, due to the observational nature 
of this study, certain information could not be definitively obtained. 
Electronic medical records lacked details on the onset of asthma and 
associated symptoms. The prevalence of CRS and nasal polyps may 
have been underestimated, as not all patients with nasal symptoms 
underwent evaluation by an otolaryngologist. Additionally, causal 
relationships between CR timing and long-term outcomes, such as 
lung function decline and exacerbation risk, cannot be definitively 
established. Prospective studies are needed to validate these findings 
and further elucidate the mechanisms by which CR timing impacts 
asthma prognosis.

CONCLUSIONS
Our findings suggest that achieving early CR, particularly as defined 
by the 4-component criteria, may play an important role in impro-
ving long-term asthma outcomes. Early CR was associated with 
slower lung function decline and a lower risk of exacerbations, 
reflecting its potential as a comprehensive marker of airway stabi-
lity. These effects were more evident in specific subgroups, such as 
patients with type 2-high asthma and PAL, highlighting the impor-
tance of considering individual phenotypes when evaluating CR. 
Incorporating early CR as a clinical target would help guide treat-
ment strategies for asthma, though further studies are needed to 
validate its broader application.
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RESUMO
Contexto Sabe-se pouco sobre a associação entre a 
doença pulmonar obstrutiva crónica (DPOC) e a doença 
cardiovascular (DCV) em pessoas com DCV já diagnosti-
cada. Compreender se a DPOC está associada a um maior 
risco de eventos cardiovasculares pode orientar estratégias 
adequadas de prevenção secundária.
Objetivo Analisar o risco de eventos cardiovasculares 
adversos major (MACE — enfarte agudo do miocárdio, 
AVC e morte cardiovascular) em pessoas com DCV conhe-
cida, numa população real abrangente de uma grande 
província.
Métodos Estudo de coorte populacional retrospetivo, uti-
lizando dados administrativos de saúde, medicação, aná-
lises laboratoriais, registos médicos eletrónicos e outras 
fontes da província de Ontário, Canadá. Foram incluídas 
todas as pessoas com historial de DCV, com e sem diag-
nóstico médico de DPOC em 2008, acompanhadas até 
2016. Foram comparados fatores de risco cardiovascular, 
fatores sociodemográficos, comorbilidades e outros fato-
res. Modelos de risco específico por causa, ajustados para 
estes fatores, determinaram o risco de MACE em pessoas 
com DPOC.
Resultados Entre os 496 056 indivíduos com DCV em 
Ontário a 1 de janeiro de 2008, 69 161 (13,9%) tinham 
DPOC. Os MACE ocorreram com maior frequência entre 
os que tinham DCV e DPOC (45,3 por 1000 pessoas-ano) 
em comparação com os que tinham apenas DCV (28,6 por 
1000 pessoas-ano), com um hazard ratio (HR) de 1,24 (IC 
95%: 1,21–1,26), após ajuste para fatores de risco car-
díaco, comorbilidades, estatuto socioeconómico e outros 
fatores. As pessoas com DPOC tinham menor probabili-
dade de receber medicação preventiva para DCV ou de 
serem acompanhadas por um cardiologista.
Conclusão Numa grande população real com DCV esta-
belecida, a DPOC esteve associada a uma maior taxa 
de eventos cardiovasculares, mas a uma menor taxa de 
terapêutica preventiva. São necessárias estratégias para 
melhorar a prevenção secundária da DCV na população 
com DPOC.

INTRODUCTION
The prevalence of chronic obstructive pulmonary 
disease (COPD) has increased, and it is now the 
third leading cause of death worldwide.1 Cardio-
vascular disease (CVD) is a leading cause of hos-
pitalisation and death in the COPD population,2–4 
with people with COPD being two times as likely 
to require healthcare services for (CVD) compared 
with people without COPD.5

Many studies have established the independent 
association between COPD and/or reduced lung 
function and CVD.6–10 Previous studies, however, 
have considered both people with and without pre-
vious CVD at baseline when determining the ad-
ditional risk of COPD. These groups may differ. We 
demonstrated that people with COPD without a 

history of CVD had a 25% increased risk of CVD 
events.11 To our knowledge, no studies have exami-
ned if the increased risk is also present in people 
with established CVD whose heightened CVD 
threat might diminish additional risk from COPD. 
Current guidelines on secondary CVD preven-
tion recommend more aggressive management for 

►► Additional supplemental 
material is published 
online only. To view, please 
visit the journal online 
(https:// doi.org/10.1136/
thorax-2023-220991). 
 
1Department of Medicine, 
Division of Respirology, 
University of Toronto, Toronto, 
Ontario, Canada 
2Department of Medicine, 
Scarborough Health Network, 
Toronto, Ontario, Canada 
3ICES, Toronto, Ontario, 
Canada  
4Department of Medicine, 
Division of Respirology, The 
University of British Columbia 
Centre for Heart Lung 
Innovation, Vancouver, British 
Columbia, Canada 
5Women’s College Hospital, 
Toronto, Ontario, Canada  
6University of Toronto 
Institute of Health Policy 
Management and Evaluation, 
Toronto, Ontario, Canada 
7Peter Munk Cardiac Centre, 
University Health Network, 
Toronto, Ontario, Canada 
8Department of Medicine, 
University of Toronto, Toronto, 
Ontario, Canada  
9Medicine, Sunnybrook 
Health Sciences Centre, 
Toronto, Ontario, Canada

Correspondence to  
Dr Andrea S Gershon; andrea. 
gershon@ sunnybrook. ca

Received 19 September 2023 
Accepted 11 February 2025 
Published Online First 3 March 
2025

ARTIGO ORIGINAL 

Impacto da DPOC nos fatores de risco cardiovascular 
e nos desfechos em pessoas com doença cardiovas-
cular estabelecida
Eunice Eunae Cho,1,2 Laura C Maclagan,3 Anna Chu,3 Ruth Croxford,3 Don D Sin,4

Jacob A Udell,3,5,6 Douglas Lee,3,6,7,8 Peter C Austin,3,6 Andrea S Gershon1,3,6,9

To cite: Cho EE, Maclagan 
LC, Chu A, et al. Thorax
Thorax 2025;80:291–299.

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

Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

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

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

WHAT THIS STUDY ADDS
uTo our knowledge, this is the first study 

examining the association between 
COPD and the composite outcome of 
hospitalisation for acute myocardial 
infarction, stroke or cardiovascular death 
in a large, complete secondary prevention 
population-based cohort.

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

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

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uThis study reveals that strategies are nee-
ded to improve secondary cardiovascular 
disease prevention among people with 
COPD and cardiovascular disease.
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people with a higher risk of cardiovascular events, such as those 
with diabetes (DM) or chronic kidney disease (CKD).12 Whether 
people with COPD should be included in this group has not been 
determined.

Knowing if people with COPD and CVD are at higher risk for 
future CVD events than those with CVD alone is particularly con-
cerning because secondary prevention of cardiovascular events in 
people with COPD has been shown to be lacking. For example, 
beta-blockers have been shown to be under-prescribed in peo-
ple with COPD, despite studies confirming their safety and be- 
nefit.13–15 People with COPD have also been shown to undergo 
coronary revascularisation less frequently than those without 
COPD.16 Establishing higher CVD risk in people with COPD and 
known CVD would shift the risk-benefit of interventions, justify 
more aggressive management and convince clinicians that these 
interventions are imperative. 

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

MATERIAL AND METHODS
Study design and setting
We conducted a real-world cohort study of all community-dwell-
ing adults residing in Ontario, Canada with established CVD using 
population health and other datasets. Ontario, the largest province 
of Canada, is home to a multiethnic population of over 15 million 
residents who have universal access to medically necessary hospi-
tal and physician care as well as medications for individuals aged 
65 and older under publicly funded health insurance. The use of 
the data in this project is authorised under section 45 of Ontario’s 
Personal Health Information Protection Act (PHIPA). The me-
thods used in this study were very similar to those used in our pre-
vious study assessing the impact of COPD on CVD risk in people 
without known CVD.11

Data sources
Ontario has a universal single-payer healthcare system that pro-
vides medically necessary services to its residents. Details of these 
are captured in large databases that can be linked to each other 
as well as to other complementary large population health data 
sources—including laboratory test result databases and health 
surveys providing comprehensive information on the population. 
These datasets were linked deterministically using unique encoded 
identifiers and analysed at ICES.17 ICES is an independent, non-
profit research institute whose legal status under Ontario’s health 
information privacy law allows it to collect and analyse healthcare 
and demographic data, without consent, for health system evalu-
ation and improvement. ICES has numerous safeguards in place 
as well as regular audits to protect the sensitive data it holds. For 
this study, datasets previously linked to the Cardiovascular Health 
in Ambulatory Care Research Team18 database were used to ob-
tain information on hospitalisations, emergency department visits, 
outpatient physician claims, drug prescriptions, electronic medi-
cal records, laboratory data and survey data (see online supple-
mental table S1 for a complete list of databases) since 2002. The 
cause of death was determined from the Office of the Registrar 
General of Ontario data which gets this information from death 
certificates. Immigrant status was obtained from the Immigration, 
Refugees and Citizenship Canada Permanent Resident Database. 
Laboratory test results were from the Ontario Laboratory Infor-
mation System database which collects information from hospital 
and outpatient laboratories in Ontario.19 Survey data was obtained 
from the Canadian Community Health Survey (CCHS), an annual 
survey which is administered by Statistics Canada on a representa-

tive sample of the population and includes questions about health 
behaviours and health status. Details of these databases and exam-
ples of their use to study respiratory and CVD have been described 
elsewhere.20–22

Study population
Using the linked databases aforementioned, we included all indi-
viduals aged 40+ years who lived in Ontario, Canada on 1 January 
2008 (index date) with established CVD, defined as a prior his-
tory of acute myocardial infarction (AMI), ischaemic heart dis-
ease, percutaneous coronary intervention (PCI), coronary artery 
bypass grafting (CABG), heart failure (specifically left ventricular 
dysfunction) or stroke. The heart failure definition used included 
both heart failure with reduced ejection fraction and heart failure 
with preserved ejection fraction and has been validated against 
electronic medical records.23 It was included because coronary 
atherosclerosis is the most common cause of heart failure. Inter-
national Classification of Disease codes used to identify these and 
other conditions can be found in online supplemental table S2. 
Those with a previous lung transplant were excluded. Individuals 
were followed from the index date to 31 December 2016, an out-
come of interest, loss of health insurance eligibility or until death, 
whichever occurred first.

Primary exposure
Our primary exposure was physician-diagnosed COPD deter-
mined using a previously validated case definition of one COPD-
related hospital admission and/or at least three COPD ambulatory 
physician visits within 2 years, prior to the index date. This case 
definition has been shown to have a specificity of 95.4% and sen-
sitivity of 57.5% when validated against a clinical reference stan-
dard.24

Cardiovascular outcomes
The primary outcome was the composite of hospitalisation for 
AMI or stroke or death due to CVD. This outcome, referred 
to as major cardiovascular events, has been used in previous 
cardiovascular studies.25 26 Secondary outcomes included indi-
vidual components of a major adverse cardiac event (MACE) as 
well as coronary revascularisation (ie, PCI and CABG surgery), 
heart failure, ischaemic heart disease and cause-specific mor-
tality. The components of MACE have been validated through 
previous studies or the Office of the Registrar General of On-
tario.20 23

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

Cardiovascular risk factors
Traditional cardiac risk factors were obtained from several data-
bases (online supplemental table S1). Hypertension, diabetes, de-
mentia and other comorbidities were ascertained from health ad-
ministrative data—using validated algorithms where available.27,28 
Laboratory results, including total cholesterol, triglycerides and 
glycosylated haemoglobin were obtained from laboratory databa-
ses. Lifestyle behaviours, including smoking status and ideal physi-
cal activity, were collected from the CCHS. For those not included 
in the CCHS, smoking status was imputed using methods shown 
to provide accurate values even with a high prevalence of missing 
data.29 Electronic medical records provided blood pressure measu-
rements.

Cardiovascular and other care
Visits to physicians were captured from health administrative data 
and categorised by physician specialty (primary care physicians, 
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respirologists, cardiologists and all other specialists combined). 
Medication use was obtained for individuals 65 years and older 
through the drug database. To assess if subjects received quality 
CVD preventive care, we examined screening for cholesterol and 
diabetes in accordance with Canadian guidelines.30 31

Analysis
Baseline cardiovascular risk factors, cardiovascular care, comor-
bidities and other factors were compared between people with 
established CVD with and without COPD using standardised dif-
ferences. Researchers have proposed that a standardised difference 
of 0.1 or more denotes a potentially meaningful imbalance in the 
baseline covariate.32 These were used to avoid clinically unimpor-
tant differences being identified as statistically significant due to 
the large cohort size. Incidence rates for primary and secondary 
cardiovascular outcomes were calculated per 1000 person-years. 
Age- and sex-standardised rates and rate ratios for the primary 

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

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

Missing smoking data was addressed by using multiple impu-
tations (see online supplemental methods for details).33 Missing 
data for age, sex, income quintile or health services use (<1%) was 
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managed by excluding those people from the analysis. Laboratory 
missing data was managed by designing a ‘not tested’ category. 
This included people who were not tested because they lived in 
geographic areas not captured by the laboratory database or did 
not have testing indicated.

Stratified and subgroup analyses
Sex was specified a priori to be of interest because of previous re-
search indicating that women with COPD and CVD may differ 
from men due to different smoking patterns, a higher likelihood of 
having small airway disease and female hormones modulating the 
inflammatory response.34 Sex-stratified cardiovascular outcomes 
were calculated, and an interaction between COPD status and sex 
was considered for the hazard models.

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

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

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

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

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

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

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

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

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

Table 4 reports the HRs of MACE in people with COPD-CVD 
compared with CVD-only adjusting for, sequentially, age and sex; 
traditional risk factors and comorbidities; lab tests; income quin-
tile, place of residence and immigration status; health services uti-
lisation and finally, smoking. After adjustment for all factors, the 
rate of MACE remained higher in COPD-CVD patients than in 
those with CVD-only, with an HR 1.24, 95% CI 1.21–1.26 after full 
adjustment.
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Stratified and subgroup analyses
Subgroup analysis in individuals aged 65 and above addition-
ally adjusting for medication use showed the impact of COPD 
on MACE was consistent with the primary analysis (HR 1.19, 
95% CI 1.16–1.22) (online supplemental file 1). Subgroup analy-
sis among health survey respondents adjusting for additional 
health behaviours found a similar trend for the impact of COPD 
on MACE (HR 1.21, 95% CI 1.05–1.41) (online supplemental ta-
ble S4). The interaction between COPD status and sex was not 
statistically significant (p=0.15).

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

Our main finding of an association of COPD with MACE is 
likely related to the pathophysiology of COPD and its effects on 
the cardiovascular system. Systemic inflammation has been ob-
served in a severity-dependent fashion in COPD.35 36 COPD has 
also been associated with increased oxidative stress and hypo-
xaemia, which likely contributes to increased risk of stroke and 
CVD.37 38 Furthermore, inflammatory markers that tend to be ele-
vated in COPD, especially during exacerbations, are known to be 
pro-thrombotic, possibly also causing cardiovascular events.39,40 
Smoking, a common risk factor of CVD and COPD, is also 
known to contribute to a high systemic inflammatory state.

Our findings are consistent with previous studies reporting higher 
risks of MACE in people with COPD compared with those with-
out COPD.41 42 Cardiovascular events tend to be associated with 
COPD exacerbations.43 44 This is a particularly important concern 
in patients who, as our results show, may have existing cardiovas-
cular conditions that are not adequately managed. Our findings 
extend those of previous studies by specifically studying the impact 
of COPD in those with established CVD in a large, complete real-
world population.

Heart failure is a common chronic disease and a leading cause 
of hospital admission.45 Previous studies have reported that 
about 20% of patients with COPD have concurrent heart failure, 
in which has been associated with early readmission rates.46 47 
Our results are consistent with a previous study that described 
a heart failure risk ratio of 4.5 for people with, compared with 
those without COPD.46

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

Use of evidence-based medications that are considered stand-
ard therapy for those with established CVD—such as statins and 
beta-blockers, and even ACE inhibitors and ARBs—was used 
less frequently in the CVD-COPD cohort. Additionally, people 
with COPD were found to have lower rates of visits to cardiolo-
gists; although higher rates than those seen in a previous study 
of all people with COPD in Ontario that revealed about 24% had 
seen a cardiologist.48 Of note, we adjusted for these factors in the 
current analysis. Furthermore, although overall rates of revascu-
larisation were similar, rates of CABG surgery were lower in peo-
ple with CVD-COPD. This could have been because of concern 
about higher preoperative risks from COPD itself.49 It is less clear, 
however, why cardiovascular medications would not be used or 
why referrals to cardiologists are made less often. Some practi-
tioners may be mindful of drug–drug interactions between beta-
blockers and inhaled beta-2 agonists despite studies showing that 
cardio-selective beta-blockers are safe in COPD patients.50 51

A unique feature of our study was being able to study the be-
havioural aspects of cardiac risk stratification by individually 
linking to survey data for a subset of our cohort. Previous stu-
dies have shown that these factors are important in reducing the 
incidence of chronic conditions including CVDs.52 53 We found a 
trend of more physical activity and fruit and vegetable consump-
tion in the CVD-only cohort than those with concomitant CVD 
and COPD (table 1).

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

There were also limitations that merit discussion. We were only 
able to identify people with physician-diagnosed COPD, as we 
did not have pulmonary function testing for the whole COPD 
population. However, we chose a case definition with high spe-
cificity and people in our cohort reflect those with COPD in the 
real world, where a significant proportion are diagnosed without 
spirometry.54 Second, our case definition lacked sensitivity and 
required up to three ambulatory care visits, meaning we likely 
missed some people with COPD. These people were more likely 
to have milder COPD. We were also not able to capture people 
with undiagnosed COPD.55 However, as mild and undiagnosed 
COPD would also be associated with CVD, not capturing these 
individuals likely made our comparison cohorts (people with 
CVD with and without COPD) more similar than they actually 
were—attenuating the observed impact of COPD. 

This suggests that the actual impact of COPD on cardiovascu-
lar events is even greater than we found. Third, we did not have 
lifestyle information or laboratory test values for all subjects. We 
did, however, have values for large representative subcohorts, 
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ics, cardiac comorbidities, lab results, healthcare utilisations and 
lifestyle characteristics, including smoking status, found that the 
rate of hospitalisation for AMI or stroke or death due to CVD was 
higher in people with COPD than those without. We also found 
people with COPD were less likely to receive secondary preven-
tive cardiac care including evidence-based medications, referral to 
a cardiologist and coronary bypass graft surgery. CVD guidelines 
currently identify DM and CKD as associated with high risk of 
MACE among patients with established CVD.12 This work not only 
calls for the increased use of proven treatments of CVD in COPD 
but also justifies including COPD on that list.
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CONCLUSIONS
In conclusion, we examined the impact of COPD in a real-world 
population of hundreds of thousands of people with established 
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RESUMO
Em todas as consultas de pneumologia pediátrica e 
pediatria geral, haverá sempre um número de crianças 
e famílias expostas a ambientes substandard nas suas 
habitações. Esta exposição pode estar a afetar a sua 
saúde, em particular a saúde respiratória. Enquanto clíni-
cos, é fundamental estarmos conscientes dos riscos para 
a saúde, sabermos como abordá-los e atuarmos como 
defensores dos nossos doentes. Esta revisão percorre 
desde os impactos na saúde até às formas como podemos 
defender e apoiar os doentes e as suas famílias.

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

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

Although exposure to mould and its associated 
produced substances is linked to health problems 
in multiple areas of the body, most individuals’ 
contact is through breathing them in. This means 
they predominantly affect the airways and lungs. 
There is a large body of epidemiological evidence 
linking mould exposure to respiratory health ef-
fects, either directly or via the indirect marker of 
dampness. For example, associations are reported 
between exposure to dampness and/or mould and 
upper respiratory tract symptoms, cough, whee-
zing and, in asthmatic populations, increased ex-
acerbations.2 Although for individuals, it is often 
difficult to identify which specific moulds and 
components are driving symptoms, increased 
exacerbations of asthma are associated with in-
creased concentrations of Penicillium, Aspergillus, 
Cladosporium and Alternaria species in the home 
measured via air or dust sampling.3 Children with 
chronic respiratory conditions are most suscepti-
ble to aerosolised bioagents, and mould exposure 
presents an increased risk of exacerbation.2 While 
atopic children or those with allergic diseases are 
particularly susceptible to biological and chemi-
cal agents in damp indoor environments, adverse 
health effects have also been reported in non-atop-
ic populations. For example, Ingham et al found a 
dose-response relationship between housing qual-
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ity measures, particularly dampness-mould, and 
young children’s hospitalisation rates with acute 
respiratory infections in New Zealand.4 Exposure 
to mould and other dampness-related microbial 
agents also increases the risks of rare conditions, 
such as hypersensitivity pneumonitis, allergic al-
veolitis, chronic rhinosinusitis and allergic fungal 
sinusitis.5 Indeed, the presence of dampness and/
or mould is estimated by the UK Health and Se-
curity Agency to be associated with approximately 
5000 new asthma cases and 8500 respiratory tract 
infections in 2019 in England. However, alternative 
data sources from self-reporting suggest estimates 
could be 3–8 times higher.6

Mould-associated respiratory symptoms are ei-
ther due to exposure to the spores and hyphae of 
the mould themselves or due to chemical and or-
ganic compounds in the air as a result of microbial 
growth. Adverse health effects due to exposure to 
mould or mould-derived compounds are the result 
of three different mechanisms: generation of im-
mune responses by both allergic and non-allergic 
pathways, exposure to mould byproducts such as 
mycotoxins and proteases causing toxicity or direct 
infection by the organism.7 Bioaerosols may either 
act as allergens or directly stimulate proinflamma-
tory mediator release in the airway. Indeed, the 
higher the fraction of hyphae to spores in indoor 
air, the more proinflammatory potential of the 
aerosol.6 Given that exposure to inhaled mould 
in the indoor environment is associated with sig-
nificant health impacts, the continued presence of 
mould and dampness in the home of any child with 
atopy or a respiratory disease must be considered a 
hazard to health.3 To date, there are no guidelines 
available for a safe threshold of mould or dampness 
within the home, and the presence of any mould 
or dampness should be minimised or remediated 
to reduce future growth and potential increases to 
airborne biological agents. Mould should be re-
mediated using appropriate, specific products and 
recommended personal protective equipment and 
may require professional services to eradicate ef-
fectively. In addition to mould, dampness should 
be addressed by adequate ventilation since it not 
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only supports mould growth but also initiates the degradation of 
materials in the home. Remediation to building structure may also 
be required depending on individual circumstances.

WHAT SHOULD CLINICIANS NOW DO WHEN PARENTS
REPORT DAMPNESS AND MOULD IN HOMES?
There is clearly an ongoing lack of clarity in the clinical obligations 
of clinicians when faced with a patient living in substandard hous-
ing. The health-related outcomes of exposure to mould and damp-
ness are clearly found in the literature. However, the approach of 
the clinician will be very much patient dependent. Awaab’s Law 
makes it very clear that no child or person should live in an envi-
ronment that is toxic to their health. Families may not bring their 
housing concerns with them, so, all consultations should provide a 
time or ability to discuss concerns regarding a child’s environment.

With the introduction of new local8 and national9 guidance as 
clinicians, we should be signposting patients to these documents 
as part of a consultation. Clinicians will need to take a proactive 
role in supporting the family to obtain remedial work or to move 
house, give appropriate advice and provide medical opinions on 
health effects where appropriate. This is likely to take the form of 
a medical letter that highlights the impacts on health (specific to 
the individual patient) and reiterates the landlord’s responsibili-
ties (examples are available on https://www.rcpch.ac.uk/resources/
health-inequalities-climate-changetool-2-advocate-action). In fig-
ure 2, we outline the possible interactions that a clinician may have 
when supporting a family living in substandard housing; of note, 
the majority are unlikely to be included as expected workload and 
will depend on the local networks available to the clinician. There 
is the possibility that the specific health impacts on an individual 
patient may be asked, ‘is this mould actually causing this illness?’. 
In these cases, it should be reiterated that homes should be ‘fit for 
habitation’ as per the Housing Act and that landlords should take a 
zero-tolerance approach to dampness and mould as per the Hous-
ing Ombudsmen.10 Unlike the state of play in 1998,11 it should be 
made clear that there is clear evidence that mould and dampness 

are major risk factors for more severe respiratory symptoms, and 
reference should be made to the coroner’s decision in the case of 
Awaab Ishak. However, more studies are still needed to define the 
extent of individual organisms’ roles in causing pathology and to 
quantify individual exposure.
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RESUMO
Já foi reportada uma tendência decrescente nos interna-
mentos hospitalares por asma entre crianças finlandesas 
e suecas. No entanto, as possíveis alterações nos interna-
mentos por asma em adultos ainda não estão completa-
mente caracterizadas. O nosso objetivo foi investigar a 
incidência de internamentos hospitalares por asma em 
adultos na Finlândia e na Suécia entre 2006 e 2022, 
utilizando o Registo Nacional de Altas Hospitalares da 
Finlândia e o Registo Nacional de Doentes da Suécia. 
Durante o período do estudo, a incidência de internamen-
tos por asma diminuiu 65,8% na Finlândia (de 84,9 para 
29,0 por 100 000 pessoas-ano) e 52,5% na Suécia (de 
31,4 para 14,9 por 100 000 pessoas-ano). As incidências 
de internamentos por asma eram claramente mais eleva-
das na Finlândia em comparação com a Suécia no início 
do período de estudo, mas aproximaram-se da paridade 
entre ambos os sexos ao longo do tempo.

INTRODUCTION 
Asthma remains a common chronic disease 
worldwide, although decreasing trends in asthma 
hospitalisations have been suggested, possibly due
to improved medication and healthcare.1 We pre-
viously reported decreasing a trend of asthma hos-
pitalisations among Finnish and Swedish children 
during 2015–2020 and approaching parity. Com-
prehensive asthma care in Finland and Sweden 
may have contributed to the declining trend in 
paediatric asthma hospitalisations.2 Previously, the 
increase of asthma prevalence has been reported.3 
However, the trends in asthma hospitalisations 
among adults in Finland and Sweden are incom-
pletely characterised. Thus, we aimed to investi-
gate the incidence of adult asthma hospitalisations 
in Finland and Sweden from 2006 to 2022.

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

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

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

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

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

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

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

DISCUSSION 
Based on national-level hospitalisation register 
data in Finland and Sweden, the incidence of asth-
ma hospitalisations decreased by 65.8% in Finland 
and 52.5% in Sweden between 2006 and 2022. In 
both sexes, the incidences of asthma hospitalisa-
tions were distinctly higher in Finland compared 
with Sweden in the beginning of the study period 
but approached each other during the follow-up.

Our study has some limitations. As data were 
based on ICD-codes and hospitalisation statis-
tics, consideration to treatments given in the 
emergency department (ED) or patient out-
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comes following discharge was not possible. Moreover, we can-
not be certain if there were inter-country differences in diag-
nosing asthma, although asthma care in the two countries is 
regarded very similar.

Our study describes the national trends of asthma hospitalisa-
tions from 2006 to 2022 in two well-defined, neighbouring popu-
lations. The major strength of this study is the use of national level 
hospitalisation data from validated and well-established registers 
covering practically the whole countries.4 5 Moreover, the use of 
standardised ICD-10 diagnostic coding permitted estimations of 
incidence and an international comparison.

Asthma hospitalisations have decreased in many countries due 
to improved asthma care and updated guidelines.6 However, the 
decrease in asthma hospitalisations may not necessarily indicate 
a similar decrease in severe asthma exacerbations but rather a 
change in healthcare resources (eg, the number of hospital beds) 
and the possibility for ED physicians to take patients into ward 
care. This study examined hospitalisations in secondary and terti-
ary care. Thus, possible differences in primary healthcare resour-
ces between Finland and Sweden might also explain differences in 
secondary and tertiary level asthma hospitalisations between the 
countries. 

In both countries, the incidence of asthma hospitalisations was 
higher in the older age groups throughout the study period but 
markedly higher in Finland compared with Sweden. In Finland, 
the diagnosis of asthma has been emphasised in the national asth-
ma programme and most of the patients with both asthma and 
chronic obstructive pulmonary disease (COPD) have a diagno-
sis of asthma.7 It is possible that Swedish patients with comorbid 
asthma and COPD more commonly have the diagnosis of COPD 
which may explain differences between countries in hospitalisa-
tions labelled due to asthma.8 Smoking has been more common 
in Finland but has declined in both countries. The differences and 
changes in smoking habits may have had an effect on asthma hos-
pitalisations and may explain some of the difference between the 
countries.9 The effect of COVID-19 pandemic on asthma hospi-
talisations is unclear since it is not known whether people with 
asthma hospitalised due to COVID-19 had a primary diagnosis of 
asthma or COVID-19.

In conclusion, the incidence of asthma hospitalisations de-
creased markedly in Finland and Sweden between 2006 and 2022. 
The incidence of asthma hospitalisation was distinctly higher in 
Finland compared with Sweden in the beginning of the study pe-
riod but approached each other among both sexes. The differences 
in healthcare resources and practices may explain some of the dif-
ferences between the countries.
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RESUMO
Investigámos a associação entre a hora do dia e a estação 
do ano em que é realizado o teste e o nível de resposta ao 
broncodilatador numa população hospitalar. Verificámos 
que, por cada incremento de 1 hora ao longo do dia de 
trabalho, a probabilidade de uma resposta positiva ao 
broncodilatador diminuía em 8%. Um efeito semelhante 
foi observado quando o dia foi dividido em dois períodos 
— manhã e tarde. Ao estratificar os dados consoante o 
motivo do encaminhamento, o impacto da hora do dia foi 
observado apenas nos casos referenciados por suspeita 
de asma ou diagnóstico de asma. Também constatámos 
que a resposta ao broncodilatador era mais comum nos 
meses de inverno em comparação com o resto do ano.

INTRODUCTION 
A key diagnostic criterion of asthma is bronchodi-
lator responsiveness, traditionally defined as an 
improvement in the forced expiratory volume in 1 
s (FEV1) or forced vital capacity (FVC) after bron-
chodilator administration.1 2

Diurnal variability in symptom presentation is 
characteristic of asthma, with previous research 
suggesting that a biological clock mechanism is an 
important factor in asthma pathogenesis.3 With 
respect to bronchodilator responsiveness, it is un-
known if the effect of diurnal variability is restrict-
ed to only patients with asthma. Furthermore, the 
role of seasonal variation on bronchial hyperreac-
tivity is unknown. We investigated the association 
between time of day and season of testing on the 
level of bronchodilator responsiveness.

METHODS 
We retrospectively analysed data from patients 
referred to Cambridge University Hospitals NHS 
Foundation Trust between 1 January 2016 and 31 
December 2023. Data were included in this study 
for all patients who were 18 years or older at the 
time of testing, who had acceptable and reprodu-
cible prebronchodilator and postbronchodilator 
spirometry.4 Data were extracted directly from the 
testing software.

Spirometry was instructed by certified physiolo-
gists. Spirometry was performed on the Master-
Screen-PFT-Pro from Vyaire Medical before, and 
20 min after inhalation of 400 μg of salbutamol 
delivered via a metered dose inhaler and spacer. 
Spirometers were calibrated daily and serviced 
according to manufacturer guidance. GLI race-
neutral reference equations were used to calculate 
the lower limit of normal and percent predicted 
values.5 We defined bronchodilator responsiveness 
for both the American Thoracic Society/Europe-
an Respiratory Society (ATS/ERS) 2005 (change 
in FEV1 or FVC≥12% and ≥200 mL of the initial 
value),1 and ATS/ERS 2022 definitions (change of 
>10% relative to the predicted value for FEV1 or 
FVC).2

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

We adjusted regression models for age (years), 
sex (male/female), body mass index (BMI) (kg/m2), 
smoking history (ever/never) and prebronchodila-
tor FEV1/FVC. To check for effect modification, we 
performed stratified analyses on those referred for 
asthma/query asthma vs any other referral reason. 
We also investigated the significance of any interac-
tion between referral reason and time of day on the 
odds of having a positive bronchodilator response. 
We compared the results from the model with the 
interaction term to a model with the individual 
predictors using the likelihood ratio test. Refer-
ral reason was based on clinical judgement and 
extracted from the consultant referral document. 
We repeated the above analyses to investigate the 
influence of seasonal variation on bronchodilator 
responsiveness. We considered results significant if 
the p value was less than 0.05. Analyses were per-
formed using Stata V.18 (StataCorp).

RESULTS 
Data from 1620 individual patients were inclu-
ded in our analyses (online supplemental efigure 
1). 62% (1004 of 1620) were female, mean (SD) 
age was 53.2 (16.1) years and mean BMI was 
29.4 kg/ m2 (7.1). 48% (722 of 1620) of patients 
reported having ever smoked, with 58% (944 of 
1620) referred for asthma/query asthma. Other 
referral reasons are described in online supple-
mental etable 1. 25% of patients (400 of 1620) 
had bronchodilator responsiveness according 
to the ATS/ERS 2005 definition, compared with 
26% (416 of 1620) of patients when using the 
2022 definition. A greater proportion of patients 
tested in the morning had bronchodilator re-
sponsiveness compared with those tested in the 
afternoon for both ATS/ERS 2005 (28% vs 22%) 
and ATS/ERS 2022 (28% vs 23%) definitions (ta-
ble 1, figure 1a).

The results of the multivariable logistic regres-
sion showed that per 1-hour increment in the 
working day, the odds of having bronchodilator 
responsiveness declined by 8% (OR 0.92, 95% CI 
0.88 to 0.97). When the time of day was dichot-
omised into morning and afternoon sessions, there 
was a similar association, with reduced odds of 
bronchodilator responsiveness in the afternoon 
(OR 0.68, 95% CI 0.54 to 0.85) (table 2). Patients 
referred for asthma/query asthma had a significant 
association with bronchodilator responsiveness, 
with the magnitude of the effect similar to that of 
the main analysis, while there was no association 
in those referred for other reasons (online supple-
mental etables 2,3). There was also evidence of a 
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significant interaction between referral reason and time of day (per 
1-hour increment) on the odds of having a positive bronchodilator 
response (p value for likelihood ratio test <0.001).

For the seasonal analysis, proportionally more patients tested 
in the winter had bronchodilator responsiveness compared with 
other seasons (figure 1b). Compared with those tested in winter, 
patients tested in autumn had significantly lower odds of having 
bronchodilator responsiveness but only for those with bronchodi-
lator responsiveness according to the ATS/ERS 2005 definition 
(OR 0.67, 95% CI 0.48 to 0.92) (online supplemental etables 4,5).

DISCUSSION 
We have found that in contrast to patients tested in the afternoon, 
patients tested for asthma/query asthma in the morning had low-

er lung function and were more likely to exhibit bronchodilator 
responsiveness. Studies have shown that the clock protein REV-
ERBα controls airway hyperresponsiveness at different times of 
day, and that knocking down the Rev-erbα gene abolishes the 
time-of-day effect.6 7 The results from our study are consistent with 
the recently published RADicA study, which in a relatively small 
sample of patients with suspected asthma found that patients self-
reported their worst symptoms in the morning and night, and that 
patients were more likely to demonstrate bronchodilator respon-
siveness in the morning compared with the afternoon.8 Taken to-
gether, these findings suggest that performing diagnostic testing 
when patients are most symptomatic, that is, in the morning, may 
improve diagnostic testing. This also reinforces the need to docu-
ment the timing of spirometry testing whenever possible, and that 
repeat testing should be done at the same time of day.

Similarly, we also found seasonal variation in bronchodilator 
responsiveness, with bronchodilator responsiveness more likely 
to be seen in the winter months. Interestingly, previous groups 
found that adults or children with asthma or allergic rhinitis dis-
play greater FeNO and methacholine hyperresponsiveness during 
pollen season, characteristically seen during summer.9 10 We saw a 
slight increase in the proportion with bronchodilator responsive-
ness in the summer compared with the spring and autumn, but 
still to a lesser extent than seen in the winter. This could be because 
previous research has focused on a younger, more atopic popula-
tion where an IgE response is more predominant, compared with 
older adults where asthma mortality and hospital admissions are 
higher during winter.

Although limited by cross-sectional study design and a lack 
of information regarding the formal diagnosis, we show that pa-
tients with asthma/query asthma are more likely to demonstrate 
bronchodilator responsiveness if spirometry testing is done in the 
morning compared with later in the working day. We also show 
that bronchodilator responsiveness is more likely in the winter 
months. This should be considered by clinicians when interpret-
ing the results of bronchodilator responsiveness testing. It is im-
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portant that prospective studies are conducted to confirm our fin- 
dings, with particular focus on repeated measurements of the 
same individuals at different times of the day.
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