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Com o verão a chegar, estamos de novo com os nossos leitores para apresentar mais um número com artigos selecionados das 
revistas Thorax e Archives of Disease in Childhood.
Nesta edição da Revista, chamamos a sua atenção para alguns artigos. 
O primeiro é um artigo de revisão cujo objetivo foi avaliar a segurança do uso de curto prazo do salbutamol inalado em crianças 
com menos de dois anos com sibilância aguda. As principais conclusões são que o salbutamol inalado pode ser usado com segu-
rança em crianças com menos de dois anos com sibilância aguda, sendo que a administração através de um inalador pressurizado 
pode ser potencialmente mais segura do que a formulação nebulizada, nenhuma das formulações tendo sido associada a efeitos 
adversos graves.
O segundo artigo, “Eficácia dos centros de asma pediátricos: um estudo clínico piloto”, apresenta um estudo piloto incluindo crian-
ças e jovens entre 4 e 17 anos encaminhados para o centro com asma não controlada ou após uma crise de asma, com o objetivo 
de investigar a viabilidade e eficácia desses centros, fornecendo avaliações pós-crise, educação sobre asma, testes diagnósticos de 
função pulmonar e otimização do tratamento. Após avaliar 312 crianças e jovens, o estudo concluí que os centros de asma pedi-
átricos são um modelo viável de atendimento para proporcionar avaliações pós-crise asmática e identificar doentes de alto risco 
que necessitam de tratamento adicional, tendo a espirometria, a prova de reversibilidade ao broncodilatador e a avaliação do FeNO 
permitido a confirmação diagnostica numa proporção significativa das situações.
No artigo seguinte, “Síndrome da apneia obstrutiva do sono e risco futuro de demência entre indivíduos acompanhados na prática 
clínica geral do Reino Unido”, os autores tiveram como objetivo determinar o risco de demência em indivíduos com e sem apneia 
obstrutiva do sono (SAOS). Os dados foram extraídos dos registos eletrónicos de 2,3 milhões de adultos (≥18 anos) do Clinical 
Practice Research Datalink, um banco de dados nacionalmente representativo de registos eletrónicos de cuidados de saúde primá-
rios no Reino Unido. A principal conclusão foi que o SAOS está associada a maiores riscos de demência por todas as causas e algu-
mas de suas subcategorias, sendo necessários mais estudos para avaliar os benefícios clínicos da triagem para comprometimento 
cognitivo em pessoas com SAOS e para determinar melhor o impacto do CPAP no declínio cognitivo e no risco de demência.
Por último, no artigo “Disponibilidade, custo e acessibilidade de medicamentos essenciais para a cessação do tabagismo em países 
de baixo e médio rendimento: um estudo transversal”, foram recolhidos dados transversais sobre medicamentos para a cessação 
tabágica em farmácias, unidades de saúde e armazéns centrais de medicamentos em 60 países de baixo e médio rendimento (LMIC), 
tendo-se verificado que os medicamentos apresentavam uma disponibilidade variável, grandes intervalos de preços e eram essen-
cialmente inacessíveis, sendo considerado fundamental garantir o acesso a esses medicamentos para reduzir o consumo de tabaco 
e as doenças associadas. São igualmente necessárias estratégias para integrar os serviços de cessação tabágica nos sistemas de saúde, 
a fim de alcançar as metas dos Objetivos de Desenvolvimento Sustentável.
Uma vez que estamos a entrar em época de férias para muitas pessoas, desejamos a todos um excelente repouso e prometemos 
regressar em breve com novas sugestões de artigos. 

Jaime Correia de Sousa
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RESUMO
Objetivo: Avaliar a segurança do uso de curto prazo do 
salbutamol inalado em crianças com menos de 2 anos 
com sibilância aguda.
Fontes de dados Foram pesquisadas bases de dados 
eletrónicas (PubMed, Trip, MEDLINE) e a Biblioteca 
Cochrane para estudos publicados até outubro de 2022.
Seleção do estudo A pesquisa foi restrita a ensaios clí-
nicos randomizados publicados em inglês sobre a segu-
rança do salbutamol inalado em crianças com menos de 
2 anos com sibilância.
Extração e síntese de dados A estratégia de pesquisa 
na literatura resultou em 3532 referências. A meta-aná-
lise foi conduzida de acordo com as diretrizes PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses).
Principais desfechos e medidas A incidência de rea-
ções adversas associadas à administração de salbutamol 
inalado em comparação com placebo.
Resultados Foram incluídos 24 estudos. Em 7 estudos 
envolvendo 597 doentes, o salbutamol inalado foi com-
parado com controlos, e não foi encontrada diferença 
estatisticamente significativa na incidência de reações 
adversas entre os dois grupos (OR 2,12, IC 95% 0,69 
a 6,51; p=0,19). A administração de salbutamol por 
nebulização foi associada a um aumento na incidência 
de reações adversas (OR 6,76, IC 95% 2,01 a 22,71; 
p=0,002). Nenhum dos estudos relatou efeitos colaterais 
cardíacos graves que exigissem retirada do estudo após a 
administração de salbutamol. Apenas um estudo relatou 
um efeito colateral não cardíaco significativo (tremores 
severos) que exigiu interrupção da terapia.
Conclusões O salbutamol inalado pode ser usado com 
segurança em crianças com menos de 2 anos com sibi-
lância aguda, sendo que a administração via inalador de 
dose medida pode ser potencialmente mais segura do que 
a formulação nebulizada. Nenhuma das formulações foi 
associada a efeitos adversos graves.

INTRODUCTION 
Inhaled short-acting beta-agonists are routinely 
used to treat bronchospasm with salbutamol as 
the drug of choice due to its bronchodilator effect, 
rapid onset of action and ease of administration.1 
The inhaled route of salbutamol administration, 
whether nebulised or using a metered-dose inhaler 
(MDI) with or without a spacer (MDI-S), produces 
faster bronchodilation than the oral route and fe-
wer adverse effects (ADRs) than both the oral and 
intravenous routes.2 Inhaled salbutamol is recom-
mended for the treatment of acute asthma in chil-
dren and for the treatment of wheezing disorders 
in preschool children even from 1 year of age.2–5 On 
the other hand, the role of bronchodilators in bron-
chiolitis, which typically affects children younger 
than 2 years, is controversial.1 6 In the past, a thera-
peutic attempt with salbutamol was very common 
in children older than 6 months with a family 

history of atopy or asthma7 but this practice is no 
longer recommended.1 6 Concerns have been raised 
regarding the safety and tolerability of salbutamol 
use in children under 2 years of age, considering 
that it may be inappropriate to extrapolate the safe-
ty data of older children to infants younger than 2 
years old due to unique physiological mechanisms 
that can affect pharmacokinetics and dynamics.8–10

For safety reasons, the Food and Drug Admin-
istration in the USA and the European Medicines 
Agency in Europe only approve nebulised salbuta-
mol for children over the age of 2 and MDI salbuta-
mol for children over the age of 4. However, there 
are few large-sample studies specifically addressing 
the safety of inhaled salbutamol in children under 
2 years of age and the current literature lacks con-
sensus and definitive guidelines for its use in this 
population. Therefore, this systematic review with 
meta-analysis aims to systematically review and 
critically evaluate existing randomised controlled 
trials (RCTs) on the safety profile of inhaled salbu-
tamol in children under 2 years of age to provide 
clinicians with evidence-based guidance when 
considering the use of this drug in this paediatric 
population. 
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Segurança do salbutamol em crianças menores de 2 
anos com sibilância aguda: uma meta-análise de 
ensaios clínicos randomizados
Luca Pierantoni,1 Edoardo Muratore,2 Sara Cerasi,2 Daniele Zama,1,3 Chiara Del Bono,4 Davide 
Gori,5 Riccardo Masetti,2,3 Marcello Lanari1,3
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Key messages

What is know about this topic
uSalbutamol is commonly used in chil-

dren presenting with acute wheezing but 
recently there have been concerns about 
its safety in children under the age of 2. 
The aim of this study is to evaluate the 
safety of inhaled salbutamol in children 
under the age of 2 with wheezing disor-
ders.

What this study ads
uIn this meta-analysis, none of the analysed 

studies reported severe cardiac side effects 
following salbutamol administration. 
Salbutamol administration via nebulisa-
tion was associated with an increased inci-
dence of adverse reactions compared with 
the metered-dose inhaler.

How this study might affect rese-
arch practice or policy

uInhaled salbutamol can be safely used in 
children under 2 years of age with admi-
nistration via a metered-dose inhaler 
being potentially safer than a nebulised 
formulation.
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METHODS
Literature search 
This systematic review with meta-analysis was conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.11 Electronic databases, 
including PubMed, Trip, MEDLINE and the Cochrane Library, 
were searched to identify relevant studies published up to Oc-
tober 2022. The string used to perform the search is provided 
in the online supplemental material. This systematic review was 
registered on the International Prospective Register of Systematic 
Reviews (ID: CRD42020172441) (https://www.crd.york.ac.uk/
prospero/).

The search was restricted to RCTs published in English that 
involved infants under 2 years old with wheezing (including in-
fants with bronchiolitis) treated with inhaled salbutamol in any 
clinical setting. In the included studies, inhaled salbutamol was 
administered via various routes, namely MDI-S and nebulisa-
tion. The comparison was with a placebo with other treatments 
or with different administration methods.

The primary outcome was the incidence of ADRs associated 
with inhaled salbutamol versus placebo. The secondary outcomes 
were a description of the frequency and type of ADR associated 
with inhaled salbutamol administration.

Two reviewers (ME and CS) independently screened titles and 
abstracts to identify potentially eligible studies. The same authors 
assessed the available full texts of potentially relevant studies for 
inclusion and consulted the references of previously published 
primary and secondary papers to manually search for additional 
relevant papers.12 Any disagreement regarding systematic review 
eligibility and inclusion was resolved through discussion and con-
sensus between the two readers. If consensus could not be reached, 
the opinion of a third author (CDB), who served as a ‘blind’ ar-
biter, was sought. Investigators and corresponding authors were 
contacted to obtain additional information about studies with in-
complete data.

Data extraction, descriptive analysis and meta-analysis 
We used the same methodology for data extraction, performed 
independently by three reviewers (ME, CS and CDB) under the 
supervision of a fourth author (LP). The following outcomes 
were evaluated in descriptive analysis, when available: Incidence 
of ADRs, ADR type and description, ADR that necessitated drug 
withdrawal. We then conducted a meta-analysis of studies com-
paring inhaled salbutamol with placebo and reporting the total 
incidence of ADRs. We also performed a sensitivity analysis, ex-
cluding patients who received hypertonic saline 3% either with 
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salbutamol or control, as well as studies in which salbutamol 
was administered via an MDI. The meta-analysis was conducted  
using RevMan V.5.4 (https://revman.cochrane.org). We analysed 
statistical heterogeneity to determine the feasibility of summing 
the results of the different studies deemed eligible for the meta-
analysis. We assessed heterogeneity by calculating the I2 statistic 
which represents the percentage of variance in effect estimates at-
tributable to heterogeneity as opposed to sampling bias (chance). 
A I2 statistic >40% indicated significant heterogeneity. When 
the number of studies was <5 or the studies were substantially 
heterogeneous, we used a random-effects model in accordance 
with the Cochrane Handbook for Systematic Reviews of Inter-
ventions.13 We opted for forest plots to graphically show effect 
estimates with 95% CIs for individual trials and pooled results.

Quality assessment 
Two authors (CS and CDB) assessed quality independently under 
the supervision of a third author (ME). We used V.2 of the Co-
chrane risk-of-bias tool for randomised trials (RoB 2) to assess 
the quality of the included RCTs. The Cochrane tool is organised
into a fixed set of bias domains: Randomisation process, devia-
tion from intended interventions, missing outcome data, measu-
rement of the outcome and selection of reported results. Within 
each domain, a series of questions (signalling questions) are de-

signed to elicit information regarding trial features relevant to 
the risk of bias. Each bias judgement domain is generated by an 
algorithm based on answers to the signalling questions. Each 
judgement contributes to the overall assessment of each RCT 
which can be ‘low’ or ‘high’ risk of bias or ‘some concerns’.14

RESULTS
Literature search 
The literature search strategy yielded a total of 3532 references, 
including 2765 from PubMed and 767 from other sources (429 
from Trip, 228 from MEDLINE, 102 from the Cochrane Library 
and 8 from a manual search). As shown in the online supplemen-
tal figure 1, the number of potentially relevant papers identified 
by full titles after removing duplicates was 598 and after exami-
ning the full text, 467 were excluded because they did not meet 
inclusion criteria. Of the 131 papers evaluated for inclusion in 
the quantitative synthesis, 35 were excluded because they did not 
include children aged <2 years and 28 because they were either 
reviews or meta-analyses. Also excluded were 19 retrospective 
studies, 13 prospective observational studies and 6 publications 
in which salbutamol was not used as a treatment for wheezing or 
bronchiolitis. Moreover, 6 studies that included infants younger 
than 2 years but did not report data specific to this population 
were also excluded. A total of 24 records were included and a 
detailed description of each study is provided in table 1. 13 tri-
als were conducted in the emergency department, 10 on hospi-
talised children and 1 in an ambulatory setting. Salbutamol was 
administered through nebulisation in 21 studies, through MDI-S 
in 5 studies and in 2 studies, both routes of administration were 
reported. The latter two studies were the only ones to compare 
nebulised versus MDI-S salbutamol administration.15 16 Dosing 
schedule differed in the included works ranging from one admin-
istration per day to hourly administration, as detailed in table 1.
Seven studies compared salbutamol to epinephrine,17–23 two to 
ipratropium bromide24 25 and one to magnesium sulfate.26 In eight 
studies, multiple comparison groups with different drugs, salbu-
tamol dosages and additional treatments, such as hypertonic sa-
line 3%, were present. A detailed description of the trial design, 
groups and exclusion criteria can be found in table 1 and online 
supplemental table 1.

Table 1 and figure 1 present the results of a quality assess-
ment of the included studies as described in the Methods sec-
tion. Based on the RoB 2 assessment, six studies15 16 24 25 27 28 were 
deemed to have a high risk of bias while the remaining studies 
were classified as having ‘some concerns’.20 24

Meta-analysis on total ADRs 
The meta-analysis included seven studies in which total ADR out-
comes were reported as frequencies in the experimental (salbu- 
tamol) and control groups. A comparison was made between 
salbutamol and controls consisting of placebo in six studies (one 
with MDI-S placebo, four with inhaled saline and one with in-
haled saline or 3% hypertonic),20 24 29–32 or no treatment in one 
study.27 Comparisons between salbutamol and other drugs were 
not included in the meta-analysis. 

In seven studies involving eight cohorts,20 24 27 29–32 inhaled salbu-
tamol with or without hypertonic saline 3% was compared with 
controls with or without hypertonic saline 3% for a total of 597 
patients: 273 and 324 in the salbutamol and control groups, re-
spectively. There was no statistically significant difference in the 
incidence of ADRs between the two groups (19.0% in the salbu-
tamol group vs 13.3% in the control group) with an OR of 2.12 
(95% CI 0.69 to 6.51; p=0.19). The level of heterogeneity between 
studies was high, reaching 57% (figure 2).

Excluding patients that received hypertonic saline 3% with 
salbutamol or control, eight cohorts were included,20 24 27 29–32 
with 237 patients in the salbutamol group and 247 in the control 
group. Even in this instance, there was no difference in the inci-
dence of ADRs between the two groups (21.9% vs 17.4%) with 
an OR of 1.50 (95% CI 0.80 to 2.81; p=0.20). Heterogeneity was 
marginally lower at 38% (online supplemental figure 2).
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Trials in which salbutamol was administered through an MDI 
were then removed from the quantitative synthesis. In the re-
maining five studies20 24 29 30 32 in which only nebulised salbuta-
mol was administered, a total of 463 patients were enrolled with 
203 and 260 in the salbutamol and control groups, respectively. 
Salbutamol delivery through nebulisation was associated with an 
increased incidence of ADRs (6.4% vs 1.2%) with an OR of 6.76 
(95% CI 2.01 to 22.71; p=0.002). There was no heterogeneity be-
tween studies (0%) (figure 3).

ADRs descriptive analysis 
Descriptive analysis on ADRs types associated with salbutamol 
administration in the 24 included studies are summarised in ta-
ble 2 and described in detail in the online supplemental text. In 
all the included studies, none reported severe cardiac side effects 
that necessitated withdrawal from the study following salbuta- 
mol administration through nebulisation or MDI. Only one 
study using nebulised salbutamol reported a significant non-
cardiac side effect (severe tremulousness) that necessitated with-
drawal from therapy24 (online supplemental text).

DISCUSSION 
The use of salbutamol in children under 2 years of age is contro-
versial and has been the subject of extensive debate for over 20 
years. Notably, despite the existence of a few small studies, there 
is a dearth of large studies specifically addressing the safety of 
inhaled salbutamol in this population and, therefore, the current
literature has failed to express a definitive consensus.

This study tries to fill this gap and represents, to the best of 
our knowledge, the first comprehensive analysis of RCTs evalu-
ating the short term safety profile of inhaled salbutamol in chil-
dren under 2 years of age. The quantitative analysis revealed no 
clinically significant increase in the incidence of ADRs between 
inhaled salbutamol and placebo. However, an increase in ADRs 
was observed when only nebulised salbutamol was considered. 
The clinical significance of these data may be mitigated by the ob-
servation that, among the 203 patients in the intervention group, 
only one significant severe ADR necessitating withdrawal from 
the study was reported. Consequently, MDI-S administration 
of salbutamol appears safer than nebulisation. This is consistent 
with the findings of Cates et al, who demonstrated that MDI-S is 
not only safer but also more effective than nebulisation in adults 
and in children older than the age of 2.33 Similarly, equivalent, 
if not better, outcomes have been reported in younger children 

using MDI-S as opposed to nebulisers for the administration of 
inhaled salbutamol.15 34 35

A meta-analysis reported that children younger than 5 years 
of age with moderate-to-severe wheezing exacerbations had 
lower hospital admission rates (OR 0.42, 95% CI 0.24 to 0.72) 
when using MDI-S as opposed to a nebuliser.36 Similarly, a 
randomised study of children younger than 24 months (n=123) 
with mild-to-moderate wheezing demonstrated that the use of 
an MDI-S resulted in faster symptom resolution and statisti-
cally significant improvement at 1 hour (OR 3.9, 95% CI 1.5 to 
10.4).16

This meta-analysis has some limitations. The majority of stu-
dies did not aim to directly assess salbutamol ADRs or at least 
this was not the primary objective. Only eight studies included 
an evaluation of ADRs as one of their principal objectives.19 21 

29,31,32,37–39 The main objectives of the included studies can be 
found in table 1. Second, the studies that assessed ADRs only 
looked for specific ADRs and typically do not report ADRs if 
they are not deemed clinically relevant. These concerns are re-
flected in the high proportion of studies presenting a ‘high’ risk 
of bias in the domain of outcome measurements (figure 1). In 
fact, most authors looked for cardiovascular effects such as tachy-
cardia and changes in blood pressure as well as tremors whereas 
only a few authors looked for facial blanching or pallor, loss of 
deep tendon reflexes, nausea and vomiting, potassium and glu-
cose levels (table 2). However, we believe that these limitations 
do not have a significant impact on the findings presented here 
because, in all the studies, patients were periodically fully evalu-
ated by healthcare professionals (nurses or doctors) who would 
have noticed and reported other side effects, especially if clini-
cally significant. Another limitation of our study is that tachyar-
rhythmias were evaluated differently across studies. The majority 
of studies evaluated heart rate via peripheral pulse assessment 
or pulse oximeter; however, a few authors used electrocardio-
graphic monitoring to assess heart rhythm.28 31 37 Furthermore, 
most authors reported the mean heart rate whereas others only 
reported the number of patients who developed tachycardia after 
arbitrary cut-offs were established (eg, HR >200 bpm, used by 
Anil et al20) which were not always specified. It should be noted 
that the average heart rate increase reported in most of the studi-
es was only 5% or 8–9 bpm. Moreover, none of the studies re-
ported a clinically significant increase in heart rate with the use 
of inhaled salbutamol. Thus, this slight increase in the heart rate 
can be considered an expected effect.
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This meta-analysis only considered salbutamol short-term ef-
fects. However, there is considerable debate also on the regular 
and excessive use of beta-2 agonists which may lead to beta-
receptor downregulation with consequently rebound hyperre-
sponsiveness, decreased bronchodilator response and increased 
airway inflammation, especially when used without inhaled cor-
ticosteroids.40 The included studies are dated, having been con-
ducted and published between 1988 and 2017. However, the low 
heterogeneity regarding the total incidence of ADRs observed in 
most of the comparisons conducted in the meta-analysis and the 
fact that no gross difference was found in the data reported by 
year may support the validity of the present results.

In the future, larger studies should be designed to specifically 
assess the safety of salbutamol in children younger than 2 years 
of age, clearly stating the evaluated ADRs, defining in advance 
which ADRs are considered clinically significant and highlight-
ing the most severe ones necessitating drug discontinuation. 
Moreover, addressing the different safety profiles between ne-
bulised salbutamol and MDI and MDI-S salbutamol could also 
have a profound impact on clinical practice.

In conclusion, this meta-analysis has shown that salbutamol 
can be used safely for short term use in children under 2 years of 
age with acute wheezing, with MDI-S preferred. Although there 
was an increase in ADRs with nebulised salbutamol, it is reassu-
ring that severe ADRs have only rarely been reported suggesting 
that nebulised salbutamol can also be used safely, when clinically 
indicated.

Correction notice This paper has been corrected since it was first published. Some author names were inverted.
Contributors ME, CDB, CS and LP had full access to all of the data in the study and take responsibility for the 
integrity of the data and the accuracy of the data analysis. Concept and design: LP and ML. Acquisition, analysis 
or interpretation of data: ME, CS, CDB and LP. Drafting of the manuscript: ME, CS and CDB. Critical revision of 
the manuscript for important intellectual content: LP, ZD, ML, RM and GD. Statistical analysis: CS, ME, CDB and 
GD. Administrative, technical or material support: GD and ZD. Supervision: LP, ZD, RM and ML. Guarantor: LP 
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 Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.
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 arising from any reliance placed on the content. Where the content includes 
any translated material, BMJ does not warrant the accuracy and reliability of the translations (including but not 
limited to local regulations, clinical guidelines, terminology, drug names and drug dosages), and is not responsible 
for any error and/or omissions arising from translation and adaptation or otherwise.
ORCID iDs
Chiara Del Bono http://orcid.org/0000-0001-5772-1472
Riccardo Masetti http://orcid.org/0000-0002-1264-057X

REFERENCES
1 Manti S, Staiano A, Orfeo L, et al. UPDATE - 2022 Italian guidelines on the management 

of bronchiolitis in infants. Ital J Pediatr 2023;49:19.
2 Brand PLP, Baraldi E, Bisgaard H, et al. Definition, assessment and treatment of wheezing 

disorders in preschool children: an evidence-based approach. Eur Respir J 2008;32:1096–
110.

3 Ducharme FM, Tse SM, Chauhan B. Diagnosis, management, and prognosis of preschool 
wheeze. Lancet 2014;383:1593–604.

4 Bush A, Grigg J, Saglani S. Managing wheeze in preschool children. BMJ 2014;348:g15.
5 Brand PLP, Caudri D, Eber E, et al. Classification and pharmacological treatment of pres-

chool wheezing: changes since 2008. Eur Respir J 2014;43:1172–7.
6 Florin TA, Plint AC, Zorc JJ. Viral bronchiolitis. Lancet 2017;389:211–24.
7 Baraldi E, Lanari M, Manzoni P, et al. Inter-society consensus document on treatment and 

prevention of bronchiolitis in newborns and infants. Ital J Pediatr 2014;40:65.
8 Kearns GL, Abdel-Rahman SM, Alander SW, et al. Developmental pharmacology-drug 

disposition, action, and therapy in infants and children. N Engl J Med 2003;349:1157–67.
9 Batchelor HK, Marriott JF. Paediatric pharmacokinetics: key considerations. Br J Clin 

Pharmacol 2015;79:395–404.
10 Kwok PCL, Chan HK. Delivery of inhalation drugs to children for asthma and other 

respiratory diseases. Adv Drug Deliv Rev 2014;73:83–8.

11 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews and 
meta-analyses: the PRISMA statement. BMJ 2009;339:b2535.

12 Badampudi D, Wohlin C, Petersen K. Experiences from using snowballing and database 
searches in systematic literature studies. EASE ’15: Proceedings of the 19th International 
Conference on Evaluation and Assessment in Software Engineering; Nanjing China, 2015 

13 Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. 
BMJ 2003;327:557–60.

14 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in 
randomised trials. BMJ 2019;366:l4898.

15 Delgado A, Chou KJ, Silver EJ, et al. Nebulizers vs metered-dose inhalers with spacers for 
bronchodilator therapy to treat wheezing in children aged 2 to 24 months in a pediatric 
emergency department. Arch Pediatr Adolesc Med 2003;157:76–80.

16 Rubilar L, Castro-Rodriguez JA, Girardi G. Randomized trial of salbutamol via metered-
dose inhaler with spacer versus nebulizer for acute wheezing in children less than 2 years 
of age. Pediatr Pulmonol 2000;29:264–9.

17 Bertrand P, Araníbar H, Castro E, et al. Efficacy of nebulized epinephrine versus salbuta-
mol in hospitalized infants with bronchiolitis. Pediatr Pulmonol 2001;31:284–8.

18 John BM, Singh D. Comparision of Nebulised Salbutamol and L-epinephrine in First 
Time Wheezy Children. Med J Armed Forces India 2010;66:9–13.

19 John BM, Patnaik SK, Prasad PL. Efficacy of Nebulised Epinephrine versus Salbutamol 
in Hospitalised Children with Bronchiolitis. Med J Armed Forces India 2006;62:354–7.

20 Anil AB, Anil M, Saglam AB, et al. High volume normal saline alone is as effective as 
nebulized salbutamol-normal saline, epinephrine-normal saline, and 3% saline in mild 
bronchiolitis. Pediatr Pulmonol 2010;45:41–7.

21 Langley JM, Smith MB, LeBlanc JC, et al. Racemic epinephrine compared to salbutamol 
in hospitalized young children with bronchiolitis; a randomized controlled clinical trial 
[ISRCTN46561076]. BMC Pediatr 2005;5:7.

22 Mull CC, Scarfone RJ, Ferri LR, et al. A randomized trial of nebulized epinephrine vs 
albuterol in the emergency department treatment of bronchiolitis. Arch Pediatr Adolesc 
Med 2004;158:113–8.

23 Reijonen T, Korppi M, Pitkäkangas S, et al. The clinical efficacy of nebulized racemic epi-
nephrine and albuterol in acute bronchiolitis. Arch Pediatr Adolesc Med 1995;149:686–
92.

24 Wang EE, Milner R, Allen U, et al. Bronchodilators for treatment of mild bronchiolitis: a 
factorial randomised trial. Arch Dis Child 1992;67:289–93.

25 Yuksel H, Coskun S, Polat M, et al. Lower arrythmogenic risk of low dose albuterol plus 
ipratropium. Indian J Pediatr 2001;68:945–9.

26 Kose M, Ozturk MA, Poyrazoğlu H, et al. The efficacy of nebulized salbutamol, magne-
sium sulfate, and salbutamol/magnesium sulfate combination in moderate bronchiolitis. 
Eur J Pediatr 2014;173:1157–60.

27 Cengizlier R, Saraçlar Y, Adalioğlu G, et al. Effect of oral and inhaled salbutamol in infants 
with bronchiolitis. Acta Paediatr Jpn 1997;39:61–3.

28 Ho L, Collis G, Landau LI, et al. Effect of salbutamol on oxygen saturation in bronchiolitis. 
Arch Dis Child 1991;66:1061–4.

29 Dobson JV, Stephens-Groff SM, McMahon SR, et al. The use of albuterol in hospitalized 
infants with bronchiolitis. Pediatrics 1998;101:361–8.

30 Gadomski AM, Lichenstein R, Horton L, et al. Efficacy of albuterol in the management 
of bronchiolitis. Pediatrics 1994;93:907–12.

31 Hedrick JA, Baker JW, Atlas AB, et al. Safety of daily albuterol in infants with a history of 
bronchospasm: a multi-center placebo controlled trial. Open Respir Med J 2009;3:100–6.

32 Uysalol M, Haşlak F, Özünal ZG, et al. Rational drug use for acute bronchiolitis in emer-
gency care. Turk J Pediatr 2017;59:155–61.

33 Cates CJ, Welsh EJ, Rowe BH. Holding chambers (spacers) versus nebulisers for beta-
agonist treatment of acute asthma. Cochrane Database Syst Rev 2013;2013:CD000052.

34 Ploin D, Chapuis FR, Stamm D, et al. High-dose albuterol by metered-dose inhaler plus 
a spacer device versus nebulization in preschool children with recurrent wheezing: A 
double-blind, randomized equivalence trial. Pediatrics 2000;106:311–7.

35 Hamza MB, Harkan AI. Spacers versus nebulizers in treatment of acute asthma A prospec-
tive randomized study in preschool children. Egypt J Hosp Med 2022;88:2996–9.

36 Castro-Rodriguez JA, Rodrigo GJ. beta-agonists through metered-dose inhaler with val-
ved holding chamber versus nebulizer for acute exacerbation of wheezing or asthma 
in children under 5 years of age: a systematic review with meta-analysis. J Pediatr 
2004;145:172–7.

37 Kaashmiri M, Shepard J, Goodman B, et al. Repeat dosing of albuterol via metered-dose 
inhaler in infants with acute obstructive airway disease: a randomized controlled safety 
trial. Pediatr Emerg Care 2010;26:197–202.

38 Luo Z, Liu E, Luo J, et al. Nebulized hypertonic saline/salbutamol solution treatment in 
hospitalized children with mild to moderate bronchiolitis. Pediatr Int 2010;52:199–202.

39 Klassen TP, Rowe PC, Sutcliffe T, et al. Randomized trial of salbutamol in acute bronchio-
litis. J Pediatr 1991;118:807–11.

40 Suh DI, Johnston SL. The Wiser Strategy of Using Beta-Agonists in Asthma: Mechanisms 
and Rationales. Allergy Asthma Immunol Res 2024;16:217–34.

41 Gadomski AM, Aref GH, el Din OB, et al. Oral versus nebulized albuterol in the mana-
gement of bronchiolitis in Egypt. J Pediatr 1994;124:131–8.

42 Schuh S, Canny G, Reisman JJ, et al. Nebulized albuterol in acute bronchiolitis. J Pediatr 
1990;117:633–7.

43 Schweich PJ, Hurt TL, Walkley EI, et al. The use of nebulized albuterol in wheezing 
infants. Pediatr Emerg Care 1992;8:184–8.



Artigo original

161 Hakizimana A, et al. Arch Dis Child 2025;110:203–208. doi:10.1136/archdischild-2023-326635

RESUMO
Contexto Crianças e jovens (CYP) com asma no Reino 
Unido apresentam um risco mais elevado de desfechos 
negativos em comparação com outros países europeus de 
alto rendimento, devido a fatores como acesso limitado 
a revisões de asma de alta qualidade, testes diagnósticos 
e avaliações inconsistentes após ataques asmáticos. O 
Leicester Integrated Care Board financiou o primeiro cen-
tro piloto de asma no Reino Unido para CYP, com o obje-
tivo de investigar a viabilidade e eficácia desses centros, 
fornecendo avaliações pós-crise, educação sobre asma, 
testes diagnósticos de função pulmonar e otimização do 
tratamento.
Métodos Estudo clínico piloto incluindo CYP entre 4 e 17 
anos encaminhados para o centro com asma não controlada 
ou após um ataque asmático, entre novembro de 2021 e 
abril de 2022. Os CYP receberam uma avaliação clínica estru-
turada, incluindo investigações diagnósticas de primeira linha 
do National Institute for Health and Care Excellence (NICE), 
como espirometria, reversibilidade ao broncodilatador (BDR) 
e fração de óxido nítrico exalado (FeNO).
Resultados Dos 312 CYP encaminhados (idade média 
de 8,6±3,2 anos; 42% mulheres), 266 (85,3%) compa-
receram à consulta. O tempo mediano entre o encaminha-
mento e a revisão foi de 2 dias (IQR 1–3). Três CYP (1,1%) 
estavam gravemente doentes na revisão e precisaram de 
tratamento hospitalar adicional. Entre os 231 CYP que 
completaram os testes de primeira linha, a asma foi confir-
mada em 73 (31,6%) com base nos critérios diagnósticos 
do NICE para CYP. 22% das crianças com espirometria 
basal normal apresentaram ≥12% de BDR.
Conclusão Os centros de asma pediátricos são um 
modelo viável de atendimento para fornecer avaliações 
pós-crise asmática e identificar doentes de alto risco que 
necessitam de tratamento adicional. Os testes de espiro-
metria, BDR e FeNO permitiram a confirmação diagnóstica 
em uma proporção significativa de CYP.

INTRODUCTION 
The UK children and young people (CYP) experi-
ence high rates of severe asthma attacks and asth-
ma deaths compared with other high income Euro-
pean countries.1–3 The 2014 UK National Review of 
Asthma Deaths (NRAD) highlighted that the vast 
majority of CYP asthma deaths are avoidable.4 The 
reasons for poor outcomes in CYP with asthma 
are multifactorial but include poor access to high-
quality asthma reviews,4–6 a lack of access to first-
line objective lung function tests recommended by 
the National Institute for Health and Care Excel-
lence (NICE)7 and recent European guidelines8–10 
and reviews after severe asthma attacks.11

The lack of access to first-line lung function tests, 
spirometry, bronchodilator reversibility (BDR) and 
fraction of exhaled nitric oxide (FeNO) tests fre-
quently results in asthma misdiagnosis including 
under diagnosis in CYP.12 13 CYP with undiagnosed 
asthma are at significant risk of severe asthma at-
tacks14 in addition to poorer health-related quality of 
life.12

The best model of care for UK CYP with asthma 
has not been determined. The UK CYP Transfor-

mation Programme is committed to improving 
asthma outcomes.11 The programme recommends 
the creation of asthma hubs to address access to ob-
jective tests. Such hubs require careful evaluation 
to ensure they achieve their objectives, are cost-
effective and acceptable to families.11 The current 
NICE asthma quality standards also recommend 
asthma reviews within 2 working days in CYP from 
5 years and adults after a severe asthma attack.15

The Leicester, Leicestershire and Rutland (LLR) 
Integrated Care Board funded what to our know-
ledge is the first UK pilot paediatric asthma hub in 
2021/2022 and the aim of this study was to evalu-
ate feasibility, acceptability to families, diagnostic 
effectiveness and ability to identify high-risk CYP 
with unresolved acute attacks.
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Key messages

What is know about this topic
uUK asthma outcomes in children and 

young people (CYP) are worse than in 
other high-income European countries.

uThe National Review of Asthma Deaths 
in 2014 highlighted improvements 
needed in asthma care and postattack 
asthma reviews within 2 working days 
were subsequently recommended by the 
UK National Institute for Health and Care 
Excellence (NICE).

uThese postattack reviews are frequently not 
performed.

What this study ads
uWe show that postattack reviews including 

lung function testing highlights a small 
but significant group of children with an 
ongoing severe asthma attack and low 
lung function that are at risk of a poor 
outcome.

uWe also show that performing NICE 
recommended first-line asthma diag-
nostic tests in this setting confirm the 
diagnosis in a higher proportion than in 
unselected children in primary care with 
possible asthma.

How this study might affect rese-
arch practice or policy

uWe show that asthma hubs performing 
postattack reviews are feasible and atten-
ded by a high proportion of families 
and CYP. Asthma hubs may be suitable 
for large parts of the UK for postattack 
reviews and to facilitate diagnosis using 
objective tests. Further research is needed 
to study medium to long-term outcomes 
following an asthma hub review.
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METHODS
Study design: real-life clinical pilot study
Participants
CYP aged 5-to-17 years with doctor-diagnosed acute wheezing 
or asthma treated at University Hospitals of Leicester NHS Trust 
(UHL) emergency department (ED) or as inpatient between 30 
November 2021 and 11 April 2022 were eligible for referred to the 
hub. Three children aged 4 years were also referred and their data 
are included. The ED at UHL serves the entire LLR region, which 
based on the latest Office for National Statistics Census data ac-
counts for a population of more than 70 000 children.16 Leicester 
City primary care practices were also eligible to refer children with 
either (1) uncontrolled asthma or (2) following an asthma attack 
treated in primary care. The index of multiple deprivation (IMD) 
was obtained from the17 English Indices of Deprivation 2019 is-
sued by the UK Ministry of Housing, Communities and Local 
Government17 and distance between CYP home and asthma hub 
was obtained using FreeMapTools.18

Referral process 
Patient details including carer contact information were sent by the 
attending medical team to the paediatric administration team who 
contacted families to book appointments. Eight appointments were 
available each working day. The primary care referral process was set 
up using the Pathway Referral Implementation SysteM.

Pilot asthma hub procedures
The hub was based in a large primary care practice close to the 
centre of Leicester, providing easy access and free parking. 

A paediatric consultant or specialist asthma nurse staffed the 
hub on a rotational basis. Peripheral oxygen saturations using 
pulse oximeter were recorded. CYP were then invited to per-
form FeNO testing (Niox Vero, Circassia, Oxford, UK) follow-
ing American Thoracic Society (ATS) guidelines19 using the 10 s 
mode in older children and the 6 s paediatric mode where the 10 s 
mode was unsuccessful. Thereafter, spirometry testing (Microlab 
3500, Becton Dickinson, New Jersey) and BDR (10–15 min after 
400 μg of inhaled salbutamol administered via spacer) were per-
formed according to European Respiratory Society (ERS)/ATS 
standards.20

Spirometry was considered abnormal if FEV1 or FEV1/FVC or 
both were below the lower limit of normal using Global Lung 
Initiative data.21 Inhaler technique was checked for all CYP and a 
written personalised asthma action plan was completed. Written 
communication with treatment recommendations was sent to the 
CYP’s General Practitioner (GP).

Two clinic rooms were available to allow 45 min to disinfect 
rooms between patients due to the COVID-19 pandemic at the 
time. A System Integrated Air Sterilisation Unit (AirScrubber) ASU 
6000 mobile unit (Mansfield Pollard, Bradford, UK) was used for 30 
min with an additional 15 min to clean surfaces. A list of resources 
needed to perform hub asthma reviews is shown in table 1. 

Asthma control tests
Asthma control test (ACT)22 for children aged ≥12 years, and the 
childhood ACT23 for children aged 4–11 years were used to assess 
asthma control. A score of ≥20 in either questionnaire denotes 
good asthma control in the previous 4 weeks. 

Feasibility outcomes
We assessed the feasibility of the asthma hub based on four para-
meters: (1) ability to see patients within 2 working days (rapid 
access) as per NICE quality standards,15 (2) proportion of referred 
CYP who attended, (3) success of lung function testing, (4) time 
needed to conduct the reviews. 

Effectiveness outcomes
We evaluated the number of acutely unwell CYP needing further-
emergency care and the proportion of children given a diagnosis 
of asthma as per NICE guidelines.7 

Data analysis
Data were extracted prospectively from the asthma hub review 
record sheet and entered into a Microsoft excel database. 
Continuous variables were presented as mean (±SD) and medians 
(ranges). χ2 tests were used for count data. An independent sam-
ple t-test was used to compare means for parametric data. Cohen’s 
kappa coefficients were calculated to measure the agreement 
between the diagnostic measurements. All statistical analyses were 
conducted using IBM SPSS Statistics for Windows V.28.0 (Armonk, 
New York: IBM Corp). All statistical tests were performed at an 
alpha=5% level. 

RESULTS
Participants
Of 312 CYP referred, 266 patients (85.3%) attended. Two hun-
dred and thirty-three (74.7%) were referred from (UHL) and 76 
(24.4%) from primary care. The referral source was missing for 
three patients. The median time from referral to clinic appointment 
was 2 working days (IQR 1–3). The mean time taken to review 
a child was 50 min (SD 17.2). A total of 142 (53.4%) CYP were 
already prescribed regular asthma preventer treatment at the time 
of their appointment. The baseline demographic characteristics of 
participants are shown in table 2.

Forty-six CYP (14.7%; mean age 8.8 years) did not attend their 
appointment (56.5% men; 45.7% white; 6.5% black; 28.3% Asian; 
10.9% ‘mixed’ and 8.7% from another ethnic background). No 
significant difference in sex (p=0.82) or ethnicity (p=0.69) was 
detected compared with attendees. In addition, we found no signi-
ficant difference in the IMD Decile (p=0.92), the distance between 
CYP home and asthma hub (p=0.47) between attendees and non-
attendees. Of 42 families living >10 miles from the hub, 34 (81%) 
attended their appointment.
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Identification of high-risk patients with ongoing severe 
asthma attack
Twenty-two (8.3%) CYPs were deemed to be in respiratory distress 
by the attending healthcare practitioner and three children (1.1%) 
were sent back to the ED due to ongoing acute asthma and peripheral 
oxygen saturation <94%. Two CYP were subsequently readmitted to 
hospital, and one received further asthma emergency treatment. 138 
CYP (51.9%) had been prescribed oral corticosteroids (OCS) prior 
to their review, of these nine (6.5%) were still on OCS at the time 
of their review. 135 out of 138 (97.8%) of the CYP who had been 
prescribed OCS before their appointment were referred from the 
hospital. Thirteen patients (4.9%) were prescribed further systemic 
corticosteroids and advised to have a review with their GP within 7 
days. The median (C)ACT score for attendees was 16 (IQR 13–20). 

First-line asthma diagnostic tests
Spirometry
Usable spirometry data were obtained from 241 out of 266 (90.6%) 
CYP. Of the 241 CYP with acceptable spirometry, 66 (27.3%) had 
abnormal baseline spirometry (table 2). Of these 40 (60%) had low 
FEV1 only, 58 (87.9%) had low FEV1/FVC and 26 (39.4%) had low 
FEV1 and FEV1/FVC.

Fraction of exhaled nitric oxide
One hundred and twenty-five CYP out of 266 (46.9%) achieved 
acceptable FeNO measurements. FeNO was obtained in 45 of 155 

children aged 4–8 years (29.0%) and in 80 of 111 CYP aged 9–17 
years (72.1%). The median FeNO was 20 ppb (IQR 11–44 ppb). 
Fifty CYP (40%) had a FeNO measurement ≥25 ppb and in 37 CYP 
(29.6%), FeNO was ≥35 ppb. Scatterplots of first-line asthma diag-
nostic tests stratified by age are presented in figure 1.

Asthma diagnosis
Two hundred and thirty-one (96%) CYP achieving baseline 
spirometry also performed postbronchodilator spirometry. Mean 
BDR was 8.8% (SD 10.8). Of the 231 CYP with acceptable post-
bronchodilator spirometry, 73 (31.6%) had BDR ≥12%. These CYP 
represent 27.4% of all CYP who attended the asthma hub and in 
whom asthma could be confirmed in a single visit. Fifty-two of 
these (71.2%) were newly diagnosed with asthma. Of the 52 newly 
diagnosed CYP, 26 (50%) were already on ICS treatment at the 
time of their appointment. Thirty-eight of 175 (21.7%) CYP with 
normal spirometry had a BDR ≥12%. We found no agreement be-
tween positive FeNO measurements and positive BDR measure-
ments. Measurements of agreement between the different diagnos-
tic tests are shown in table 3.

Comparison between GP and hospital referrals
We stratified success rate and outcome of diagnostic tests of CYP 
based on referral by their GP or the hospital as shown in table 4.

DISCUSSION
To our knowledge, we report feasibility and effectiveness data for 
the first one-stop rapid access paediatric asthma hub in England. 
Just over 8% of CYP reviewed shortly after receiving hospital treat-
ment for a severe asthma attack were deemed to be in ongoing se-
vere respiratory distress requiring further acute asthma treatment. 
Our pilot study highlights the importance of postattack reviews.15 
In addition, usable spirometry results were obtained from over 
90% of CYP, and asthma confirmed using NICE diagnostic criteria 
in 27% of CYP who attended.

Strengths and limitations
A large and representative number of CYP reflecting the demo-
graphics of Leicester and Leicestershire were reviewed during the 
pilot. Nearly all patients treated at UHL with severe wheezing were 
referred to the hub and seen within 2 working days. The success 
of the hub was facilitated by being staffed by dedicated specialist 
nurses and/or doctors with training in the management of child-
hood asthma and the success rate at obtaining acceptable spiro-
metry and FeNO results were high. 

The hub was located close to the city centre, approximately 1 
mile from UHL, with easy access and free parking. The postattack 
reviews were attended by 85% of CYP referred. Attendance rates 
were not different between poorer and more affluent families as 
assessed by IMD or by distance to the asthma hub, suggesting that 
the service could be replicated in many other areas of the country.

A small but significant number of CYP were found to have unre-
solved acute severe asthma at review and three had to be sent back 
to the children’s ED, resulting in two readmissions to hospital. 
These CYP must be considered high risk for adverse outcomes as 
caregivers may be wrongly reassured by the discharge from hospi-
tal that their child’s asthma has been adequately treated. We do not 
know how many families would have either returned to hospital by 
themselves or sought further advice from their GP; however, it is 
important to note that the NRAD report showed that people who 
died from asthma were likely to have recently been discharged 
from hospital following an asthma attack.4

The average review time was 50 min, this encompassed the total 
contact time including 15 min of waiting time post-SABA, asthma 
education, completion of a personalised written asthma action plan 
and checking of inhaler technique. This was longer than the ave-
rage GP appointment but similar to appointment times reported 
in the NICE feasibility project,24 which was deemed cost-effective 
despite not including asthma education, inhaler technique checks 
or reviews of the action plan.25 The level of specialist staff support-
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ing the pilot hub and the time taken to conduct the review would 
not be available in primary care, highlighting the potential role of 
asthma hubs to provide detailed high-quality asthma reviews with 
appropriately trained staff.

Over 90% of CYP attending managed to perform acceptable 
spirometry. Of those, 24% had ongoing obstructed spirometry. 
In addition, over 30% of the 231 CYP who managed acceptable 
spirometry pre-SABA and post-SABA had BDR ≥12%. These 
children had asthma confirmed by NICE guidelines. It is note-
worthy that 22% of CYP with normal baseline spirometry showed 
a BDR ≥12% supporting ERS guidance8 to consider BDR in 
symptomatic children under investigation for asthma even when 
baseline spirometry is normal. It is likely that diagnostic yield 
would have been higher still if children had been tested as soon 
as possible in the ED. It is important to stress that asthma cannot 
be excluded on the basis of one-off inconclusive first-line tests. 
Moreover, patients were not told to withhold SABA usage before 

their asthma hub review for safety reasons, this was a pragmatic 
study of children with poor asthma control or those following a 
recent asthma attack. It is likely that, the proportion of children 
where a diagnosis could be confirmed with positive BDR would 
have been higher if we had held SABA for at least 4 hours prior 
to review. Additionally, despite the majority of CYP prescribed 
OCS having been referred from the hospital, we found that me-
dian FeNO levels were higher in the hospital cohort compared 
with CYP referred from primary care.
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Our study highlights that diagnosing asthma using currently avail-
able objective tests can be difficult and timing of the testing is critical 
to the success rate of first-line tests (spirometry, BDR and FeNO). 
The best approach to diagnostic testing is yet to be determined. The 
success rate during a single appointment in our study, however, was 
higher than in any other previously reported study. Ideally, children 
would be tested following presentation with an asthma attack in the 
ED or at the GP. This is, however currently rarely available. 

There were fewer referrals from primary care directly for ob-
jective lung function testing despite an easy direct online referral 
process advertised to practices via newsletters and direct commu-
nication from the Integrated Care Board likely reflecting service 
pressures in UK primary care, resulting in a longer lead-in time for 
uptake of new services available to GPs.

Of children referred directly from primary care with symptoms 
of asthma and tested within 2 working days, 37% were confirmed 
asthmatic following a single visit. These numbers are considerably 
higher than those reported in the NICE7 asthma guidelines fea-
sibility study and our group’s previous cohort study of asthmatic 
children managed in primary care,14 where the diagnosis was con-
firmed in less than 20% of patients tested. Our data confirm that 
the timing of asthma diagnostic investigations matter and diag-
nostic tests are most helpful when patients present with respiratory 
symptoms and before starting treatment where safe to do so.

Recent discussion around postattack management has focused on 
the recommendation of ‘as needed salbutamol’.26 The evidence is large-
ly based on studies using readmission to hospital as the primary out-
come and lung function is rarely measured. Our study highlights the 
importance of postattack reviews combined with monitoring of lung 
function as some children may be receiving inadequate treatment fol-
lowing hospital discharge, especially as symptoms of breathlessness 
perceived by the patient correlate poorly with airway obstruction.27

FeNO testing is more challenging than spirometry in a real-world 
clinical setting, especially in children 8 years and younger as shown in 
previous studies,14 28 and despite the use of the 6 s mode. Readings were 
obtained in only one-third of CYP aged 5–8 years, however, measure-
ments were successful in 60% of children aged 9–16 years. This high-
lights the need for better technology in the younger age-group.28

This is particularly pertinent given the recently published draft 
NICE/BTS/SIGN guideline29 that recommend diagnosing asthma 
in children with FeNO ≥35 ppb as a single test. Only 46.9%, less 
than half of the CYP who attended the review, managed a FeNO 
measurement. In 37 CYP (13.9% of all those who attended), the 
FeNO value was ≥35 ppb. Using the draft guideline recommenda-
tions, this would have confirmed the diagnosis in an additional 28 
(10.5%) children who had an FeNO ≥35 ppb and BDR <12%.

We found poor agreement between FeNO and BDR. This is not 
surprising as they measure different aspects of asthma pathophysi-
ology, namely airway inflammation and bronchial lability.

Moreover, CYP in our particular setting will have been exposed to 
recent systemic corticosteroids affecting FeNO levels and most will have 
received SABA treatment postattack, sometimes shortly before hub at-
tendance affecting BDR. Low baseline FEV1, large BDR, significant air-
way obstruction and high FeNO levels were evident in CYP of all ages.

We did not have access to patient electronic follow-up data be-
cause this would have required informed consent from each gen-
eral practice from which patients were registered. We do not know, 
therefore, whether patients were appropriately added to practice 
asthma registers and whether the hub was effective at reducing fu-
ture asthma attacks. This also precluded a health economic assess-
ment. Moreover, we were unable to discuss adherence to preventer 
medication or SABA overuse as a result. This information is impor-
tant and should be sought in future studies, especially as adherence 
to preventer medication is poor in the paediatric population.30

In conclusion, we found that rapid referral paediatric asthma 
hubs providing 2 working days follow-up after treatment for an 
acute severe asthma attack are feasible and effective at identifying 
high-risk patients with ongoing acute severe asthma. The availa-
bility of spirometry, BDR and FeNO testing was effective at con-
firming a diagnosis of asthma in a large proportion of CYP who 
attended the hub. The findings from our study are relevant to sup-

port the need for postattack reviews and help inform the design 
and implementation of asthma hubs in the UK.
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RESUMO
Contexto Embora a morbilidade e mortalidade sejam 
reportadamente aumentadas em indivíduos com espi-
rometria comprometida com razão preservada (PRISm), 
pouco se sabe sobre como otimizar a saúde relacionada 
ao PRISm.
Objetivos O Life’s Essential 8 (LE8) está associado à mor-
talidade e morbilidade cardiovascular em indivíduos com 
PRISm e às trajetórias de transição do PRISm?
Métodos Foram incluídos participantes com PRISm (n=31 
943) com dados completos sobre LE8 e 23 179 indivíduos 
com duas medições espirométricas do UK Biobank. O LE8 
foi criado com oito componentes de saúde, gerando uma 
pontuação de 0 a 100. Modelos de riscos proporcionais 
de Cox foram utilizados para avaliar associações do LE8 
com morbilidade cardiovascular e mortalidade por todas as 
causas, cardiovascular e respiratória. Modelos de regressão 
logística multinomial foram conduzidos para avaliar asso-
ciações entre LE8 e trajetórias de transição do PRISm.
Resultados Entre os participantes com PRISm, 3113 
(9,75%), 25 254 (79,06%) e 3576 (11,19%) foram 
categorizados como pontuação alta (LE8≥80), mode-
rada (50≤LE8<80) e baixa (LE8<50), respetivamente. 
Comparado ao grupo de LE8 alto, o grupo de LE8 baixo 
demonstrou maiores riscos de doença cardiovascular (HR: 
2,702, IC 95% 2,391 a 3,054) e mortalidade por todas 
as causas (2,496, 2,082 a 2,993), cardiovascular (4,165, 
2,672 a 6,493) e respiratória (4,103, 1,866 a 9,020). 
Indivíduos com pontuação baixa no LE8 (vs LE8 alto) tive-
ram maiores probabilidades de transição da espirometria 
normal para PRISm (OR: 2,238, IC 95% 1,638 a 3,057) 
e menores probabilidades de transição de PRISm para 
espirometria normal (OR: 0,506, IC 95% 0,339 a 0,757).
Conclusão Uma pontuação mais baixa no LE8 foi asso-
ciada a riscos aumentados de morbilidade cardiovascular 
e mortalidade por todas as causas, cardiovascular e res-
piratória em PRISm. Uma pontuação mais baixa no LE8 
também esteve relacionada a uma maior probabilidade 
de desenvolvimento de PRISm e menor probabilidade de 
recuperação do PRISm.

INTRODUCTION 
Preserved ratio impaired spirometry (PRISm), 
also referred to as restrictive spirometry pattern or 
unclassified spirometry, defined as a forced expira-
tory volume in 1 s (FEV1) less than 80% predicted 
and a preserved FEV1/forced vital capacity (FVC) 
ratio, is a newly identified spirometry pattern af-
fecting 6.6%–17.6% of the general population.1–5 
An increasing number of recent studies have sug-
gested that this subpopulation is at increased risks 
of cardiovascular and respiratory morbidity and 
mortality.4 6–11 Furthermore, evidence has shown 
that individuals with PRISm could go on to de-
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

uLife’s Essential 8 (LE8) has been demons-
trated to be associated with a wide variety 
of cardiovascular and non-cardiovascu-
lar outcomes in the general population. 
However, it remains unclear whether it 
is associated with mortality and cardio-
vascular morbidity in individuals with 
preserved ratio impaired spirometry 
(PRISm) and with transition trajectories 
of PRISm.

WHAT THIS STUDY ADDS
uA lower LE8 score was associated with 

higher risks of cardiovascular disease and 
all-cause, cardiovascular and respiratory 
mortality in individuals with PRISm.

uParticipants with lower LE8 scores also 
had higher odds to transition from nor-
mal spirometry to PRISm and lower odds 
to transition from PRISm to normal spi-
rometry.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uOur study supports the important value 
of the LE8 metric to identify individuals 
at high risk for cardiovascular disease 
and mortality among people with PRISm. 
More importantly, analyses of transition 
trajectories of PRISm support an inter-
vention study to validate whether impro-
ving health-related behaviours and factors 
could result in improvement of pulmo-
nary function and persistence (or not) of 
PRISm over time.
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velop chronic obstructive pulmonary disease or 
revert to normal spirometry,12–15 which indicates 
that PRISm might be a promising intervention 
target. Considering the notable morbidity and 
mortality associated with PRISm, identification of 
modifiable factors that could predict and/or coun-
teract adverse outcomes in individuals with PRISm 
and even promote reversion of PRISm to normal 
spirometry is of great significance.
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years) recruited between 2006 and 2010.24 The baseline assessment 
collected data concerning sociodemographic, dietary, lifestyle, 
reproductive and environmental factors, along with a series of phy-
sical measurements and biological sample assays.25 

In this study, participants who met any of the following criteria 
at baseline were excluded: (1) withdrew from the survey, (2) had 
missing data on FVC or FEV1 and (3) had missing values on LE8 
components. In total, 31 943 individuals with PRISm were included 
for mortality analyses. We additionally excluded individuals with 
cardiovascular disease (CVD) (n=14 513) at baseline when CVD was 
considered as the outcome. For analyses of transition trajectories of 
PRISm, we excluded participants without two spirometry measure-
ments, leaving 2201 individuals with PRISm and 20 978 individuals 
with normal spirometry at baseline for further analyses. The detailed 
flow chart of participant selection is presented in figure 1.

Assessment of spirometry
Spirometry in the UK Biobank was carried out before bronchodi-
lator administration using a Vitalograph Pneumotrac 6800 at 
baseline and participants were asked to record two to three blows 
(lasting for at least 6 s) within a period of about 6 min by trained 
medical technicians and nurses.26 The computer compared the 
reproducibility of the first two blows, and if acceptable (defined as 
a <5% difference), the third blow was not required. The maximum 
measurements recorded were used for subsequent analyses. Among 
participants with spirometry measurement at baseline, some were 
invited back to take a repeat survey with spirometry if they resided 
close to an assessment centre. A total of 43 130 individuals were 
re-examined for spirometry between 2014 and 2020. The origi-
nal value was divided by the predicted value to calculate FVC (%, 
predicted) and FEV1 (%, predicted). We defined three spirometry 
groups based on the spirometry at baseline: PRISm was defined as 
having an FEV1/FVC ratio ≥the lower limit of normal (LLN) and 
an FEV1 <80% predicted, obstructive spirometry was defined as an 

In 2022, the American Heart Association (AHA) introduced the 
Life’s Essential 8 (LE8) metric, including four health behaviours 
and four health factors, to evaluate cardiovascular health (CVH).16 
This new construct has been demonstrated to be powerful in the 
prediction of all-cause mortality,17 18 cardiovascular morbidity17 
and mortality,19 and a wide variety of non-cardiovascular out-
comes20 21 in the general population. However, disparities in CVH 
may exist across a wide range of subpopulations,16 and evidence 
derived from the overall population might not be applicable to 
specific populations and settings. Thus, the AHA further pro-
poses that there is need for assessment of the new CVH scoring 
algorithm in diverse subpopulations to extend its application.16 
Considering the inherent link between CVH and pulmonary dise-
ase,22,23 we speculate that the LE8 metric also holds great potential 
in the identification of individuals at high risk for morbidity and 
mortality among those with PRISm.  To our knowledge, no pro-
spective studies have evaluated the associations of LE8 with health 
outcomes in people with PRISm. In addition, prior evidence has 
indicated that smoking, physical  ctivity, body mass index (BMI) 
and hypertension, which are ingredients of the composite LE8 in-
dex, are associated with persistence or development of PRISm.1 9 15 
Given the potentially transitory nature of PRISm,12–15 it is therefore 
also reasonable to hypothesise that the LE8 metric will be related 
to incidence and resolution of PRISm.

To test our hypotheses, we first investigated whether LE8 was as-
sociated with various cardiovascular morbidity and all-cause, car-
diovascular and respiratory mortality in participants with PRISm, 
and then explored how the baseline LE8 score was correlated with 
different transition trajectories of PRISm.

MATERIAL AND METHODS
Study population
The UK Biobank represents a large and detailed prospective study 
with over 500 000 participants aged 37–73 years (99.5% aged 40–69 
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FEV1/FVC ratio <LLN, and normal spirometry was defined as an 
FEV1/FVC ratio ≥LLN and an FEV1 ≥80% predicted.9 Additionally,
participants with normal or PRISm spirometry category at baseline
who had undergone spirometry twice were further categorised into 
six groups based on their subsequent spirometry outcomes (online 
supplemental figure 1).

Definition of LE8
Eight health-related components, including four health behaviours 
and four health factors, were used to calculate the LE8 score, that 
is (1) diet, (2) physical activity, (3) tobacco/nicotine exposure, (4) 
sleep, (5) BMI, (6) blood glucose, (7) non-high-density lipoprotein 
(non-HDL) cholesterol and (8) blood pressure.16 The information 
on dietary intake, physical activity (minutes of moderate or vigorous 
physical activity per week), tobacco/nicotine exposure (combustible 
tobacco use and secondhand smoke exposure) and sleep (sleep dura-
tion) were collected during the interview process. A recent definition 
of ideal intake of dietary components for CVH was used to evaluate 
dietary quality for each participant.27 BMI was calculated as weight in
kilograms divided by standing height in metres squared. Laboratory 
tests, including fasting blood glucose, total cholesterol and HDL 
cholesterol, were measured using autoanalyser (Hitachi 747, Hitachi, 
Tokyo, Japan). Glycated haemoglobin was measured by high-perfor-
mance liquid chromatography. Non-HDL cholesterol was calculated 
as total cholesterol minus HDL cholesterol. Blood pressure was mea-
sured twice and average levels of systolic and diastolic blood pressure 
were used in this study. The detailed definitions and scoring for each 
component of LE8 are provided in online supplemental table 1 and 2. 
Each of the eight CVH components ranged from 0 to 100 points, and 
the overall CVH score was calculated as the mean of the eight com-
ponents, thus also ranging from 0 to 100 points, with a higher score 
representing better CVH. According to the AHA’s recommendation, 
we categorised overall CVH into three levels, that is, low (LE8<50), 
moderate (50≤LE8<80) and high (LE8≥80).

Outcomes
Follow-up outcomes in this study included incident CVDs and all-
cause, cardiovascular and respiratory mortality.

Occurrences of CVDs were identified using data based on dea-
th register, primary care, hospital admission and to a less extent on 
self-reported data. In this study, we defined coronary heart disease 
(CHD, codes I20–I25), stroke (codes I60–I64 and I69) and CVDs 
(codes I00–I99) by International Classification of Diseases, 10th Re-
vision, codes (ICD-10). The survival time for participants was from 
the date of completion of the spirometry measurement to the date 
of occurrence of the outcome, date of death, loss to follow-up or the 
last date of follow-up (December 2022), whichever came first.

Date and underlying (primary) cause of death were obtained 
from death certificates held by the National Health Service (NHS) 
for participants from England and Wales, and for participants from 
the NHS Central Register, Scotland. We defined cardiovascular and 
respiratory mortality using the ICD-10 codes: I00–I99 for cardio-
vascular death and J00–J99 for respiratory death. If respondents had 
complete information in death time, the survival time was calcula-
ted as the interval between the date of completion of the spirometry 
measurement and the exact date on which the end event occurred. 
For those who had survived during the follow-up period, the follow-
up time was survival time. Participants were followed up until death 
or December 2022.

Covariates
Sociodemographic covariates included age, sex, race (classified as 
white, mixed, Asian/Asian British, black/black British and others), 
education status (classified into five different levels: College or Uni-
versity degree, National Vocational Qualification or Higher Natio-
nal Diploma or Higher National Certificate or equivalent, Other 
professional qualifications, Advanced levels/Advanced Subsidiary 
levels or equivalent, Ordinary levels/ General Certificates of Secon-
dary Education or equivalent/ Certificate of Secondary Education 
or equivalent, None of the above), household income (classified as 

greater than £100 000, £52 000 to £100 000, £31 000 to £51 999, £18 
000 to £30 999, less than £18 000) and Townsend deprivation index. 
Townsend deprivation index was derived from participants’ post-
codes and assigned a score based on socioeconomic status through 
the quartiles of the indices. Details of these covariates can be found
in the online UK Biobank showcase (http://biobank.ndph.ox.ac.uk/
showcase).

Statistical analysis
The predicted value of FEV1 and FVC was calculated according to 
the GLI-2012 (Global Lung Initiative equation), using the RSpiro 
package in R (V.4.3.1). Baseline characteristics of participants were 
described as mean±SD for continuous variables and frequency (per-
centage) for categorical variables. 

The Kaplan-Meier curves of each outcome of interest stratified 
by spirometry pattern are shown in online supplemental figure 2. 
Cox proportional hazards models were used to estimate HRs and 
95% CIs for the prospective associations of LE8 with CVD, CHD, 
stroke and all-cause, cardiovascular and respiratory mortality in 
participants with PRISm. Taking the high level of the LE8 score as 
the reference, we ran a total of three different models: model 1 was 
unadjusted; model 2 was adjusted for age and sex; model 3 was fur-
ther adjusted for ethnicity, education status, household income and 
Townsend score. The proportional hazards assumption was checked 
using Schoenfeld residuals. 

Moreover, we divided participants with normal spirometry at 
baseline into three groups based on follow-up spirometry: normal 
spirometry to normal spirometry, normal spirometry to PRISm and 
normal spirometry to obstructive spirometry. Likewise, individuals 
with PRISm were classified into three groups: PRISm to PRISm, 
PRISm to normal spirometry and PRISm to obstructive spirome-
try. Multinomial logistic regression models were used to examine 
the associations of the LE8 score with these transition trajectories 
of spirometry. ORs and 95% CIs were calculated to measure the as-
sociations between LE8 and transition trajectories. We conducted 
three different models with the same covariates as those used in as-
sociation analyses of morbidity and mortality.

We performed the following sensitivity and subgroup analyses to 
test the robustness of our findings. First, we excluded events that oc-
curred within the first 2 years of follow-up. Second, we repeated the 
mortality analyses after excluding individuals with CVD at baseline. 
Third, we repeated the analyses using the fixed ratio definition for 
PRISm (FEV1/FVC ≥0.70 and FEV1 <80% predicted). Fourth, con-
sidering death as a competing risk event, the Fine-Gray model was 
conducted to examine the associations of LE8 with cardiovascular 
morbidity. Fifth, we repeated the analyses by quartiles of LE8. Sixth, 
we examined the associations of each component in LE8 with all-
cause, cardiovascular and respiratory mortality, cardiovascular mor-
bidity and transition trajectories of spirometry. Seventh, potential 
interaction effects were tested by adding interaction terms between 
the LE8 index and covariates (age, sex, Townsend score, education 
status, household income and FVC) in the model. Thereafter, strati-
fied subgroup analyses were also performed.

Statistical analyses were performed using SAS V.9.4 (SAS Institu-
te) and R software (V.4.3.1). All statistical tests were two sided, and 
p value of <0.05 was considered statistically significant.

RESULTS
Study population characteristics
Of 31 943 participants with PRISm (16 161 women (50.59%), 15 782 
men (49.41%)) included in this study, 3113 (9.75%), 25 254 (79.06%) 
and 3576 (11.19%) participants were categorised into high LE8 sco-
re, moderate LE8 score and low LE8 score groups, respectively. Par-
ticipants with low LE8 were older, had higher deprivation index, 
lower levels of education attainment and annual household income, 
were less likely to be women (table 1), and had higher prevalence of 
common comorbidities than those with high LE8 (online supple-
mental table 3). The baseline characteristics of other subpopulations 
in this study are presented by CVH levels in online supplemental 
tables 4–6. 
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Associations of LE8 with incident CVD and all-cause, cardio-
vascular and respiratory mortality in the individuals with 
PRISm
Results from Cox proportional hazards models showed that com-
pared with participants with high LE8 score, those with moderate 
LE8 score had higher risks of incident CVD, CHD and stroke, with 
respective HRs (95% CIs) of 1.706 (1.545 to 1.884), 2.123 (1.625 to 
2.773) and 1.896 (1.213 to 2.962). The corresponding HRs (95% CIs) 
for low LE8 score versus high LE8 score were 2.702 (2.391 to 3.054), 
4.603 (3.427 to 6.183) and 3.011 (1.795 to 5.053), respectively. When 
evaluating the LE8 index as a continuous variable, HRs (95% CI) for 
every 10-point decrease in LE8 score were 1.280 (1.252 to 1.309) for 
CVD, 1.411 (1.344 to 1.481) for CHD and 1.286 (1.178 to 1.405) for 
stroke (figure 2). Figure 3 shows that after multivariate adjustment, 
a lower

LE8 score was associated with higher risks of all-cause mortality 
(moderate LE8 vs high LE8: HR 1.358, 95% CI 1.147 to 1.608; low 
LE8 vs high LE8: 2.496, 2.082 to 2.993), cardiovascular mortality 
(moderate LE8 vs high LE8: 1.910, 1.245 to 2.928; low LE8 vs high 
LE8: 4.165, 2.672 to 6.493) and respiratory mortality (moderate LE8 
vs high LE8: 1.862, 0.872 to 3.977; low LE8 vs high LE8: 4.103, 1.866 
to 9.020), respectively. Each 10-point reduction of the LE8 score was 
associated with a 29.1% increased risk of all-cause mortality (HR: 
1.291, 95% CI 1.254 to 1.329), a 42.4% higher risk of cardiovascular 
mortality (HR: 1.424, 95% CI 1.343 to 1.509), and a 38.7% elevated 
risk of respiratory mortality (HR: 1.387, 95% CI 1.250 to 1.538).

Associations of LE8 with transition trajectories of PRISm
The majority of those with normal spirometry at baseline had nor-
mal spirometry in follow-up (n=18 982), while smaller numbers 
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transitioned from normal spirometry to PRISm (n=1099) or to 
obstructive spirometry (n=897). The results from multinomial lo-
gistic regression analyses showed that compared with participants 
in the normal spirometry to normal spirometry group, those with 
a lower LE8 score at baseline had increased likelihood to transition 
from normal spirometry to PRISm, with OR (95% CI) being 1.297 
(1.091 to 1.542) for moderate LE8 versus high LE8 and 2.238 (1.638 
to 3.057) for low LE8 versus high LE8. Each 10-point decrement in 
the LE8 score was associated with a 21.3% increased risk of transi-
tioning from normal spirometry to PRISm (OR: 1.213, 95% CI 1.144 
to 1.287). In contrast, the association between the LE8 score and the 
transition from normal spirometry to obstructive spirometry was 
not significant (OR 0.929, 95% CI 0.783 to 1.101 for moderate LE8 
vs high LE8; 0.789, 0.508 to 1.224 for low LE8 vs high LE8; 1.001, 
0.937 to 1.071 per 10-point decrement). Detailed results are provi-
ded in table 2.

Among those with PRISm at baseline, many either demonstrated 
PRISm at follow-up (n=1026) or transitioned to normal spirome-
try (n=1047), while a smaller number transitioned from PRISm to 
obstructive spirometry (n=128). With the PRISm to PRISm group 
as the reference, participants with a lower LE8 score had reduced 
odds to transition from PRISm to normal spirometry than those 
with higher LE8 score; the fully adjusted ORs (95% CIs) were 0.874 

(0.675 to 1.131) for moderate LE8 versus high LE8 and 0.506 (0.339 
to 0.757) for low LE8 versus high LE8. On assessing the LE8 score 
as a continuous metric, a 10-point lower LE8 score was associated 
with a 10.1% lower likelihood of PRISm to normal transition (OR: 
0.899, 95% CI 0.832 to 0.972). By contrast, the adjusted ORs (95% 
CIs) for the transition from PRISm to obstructive spirometry were 
1.123 (0.621 to 2.032) for moderate LE8 versus high LE8 and 0.574 
(0.220 to 1.496) for low LE8 versus high LE8. There was also no sig-
nificant association with the transition from PRISm to obstructive 
spirometry (OR: 0.903, 95% CI 0.763 to 1.068, per 10-point decre-
ment) when the LE8 index was analysed as a continuous variable. 
Detailed results are provided in table 3.

Sensitivity and subgroup analyses
We observed similar inverse associations between the LE8 score 
and cardiovascular morbidity and all-cause, cardiovascular and 
respiratory mortality within further sensitivity analyses, including 
excluding cases that occurred within 2 years of follow-up (online 
supplemental table 7), excluding individuals with CVDs at baseline
in the mortality analysis (online supplemental table 8), using the 
fixed ratio to define obstructive spirometry (FEV1/FVC <0.70) ver-
sus PRISm (online supplemental tables 9–11), using the Fine-Gray 
model (online supplemental table 12) and categorising participants 
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by quartiles of LE8 (online supplemental tables 13–15). For transi-
tion analyses, in sensitivity analysis using the fixed ratio definition, 
there were notably lower odds of transition from PRISm to obs-
tructive spirometry in the low LE8 versus high LE8 groups (online 
supplemental table 11). When we evaluated each LE8 component, 
we found that most LE8 components were associated with various 
mortality and cardiovascular morbidity (online supplemental tables 
16 and 17).

Among individual components of LE8, tobacco exposure, BMI 
and blood glucose were associated with transition from normal spi-
rometry to PRISm, while tobacco exposure and diet measured on 
a continuous scale were inversely associated with transition from 
PRISm to normal spirometry (online supplemental tables 18 and 
19). Furthermore, we assessed potential interactions between LE8 

and various demographic and socioeconomic variables (online su-
pplemental tables 20–23). We found more pronounced associations 
of low LE8 with cardiovascular morbidity and all-cause mortality in 
those below 60 years old and low LE8 with cardiovascular mortality 
in those who had higher FVC (all p for interaction <0.05).

DISCUSSION
In this prospective cohort, lower levels of LE8 were associated, in a 
graded manner, with higher risks of cardiovascular morbidity and 
all-cause, cardiovascular and respiratory mortality in individuals 
with PRISm. Moreover, participants with lower LE8 levels were 
found to have elevated likelihood to transition from normal spiro-
metry to PRISm and decreased likelihood to transition from PRISm 
to normal spirometry.
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This study, for the first time, investigated the associations of LE8 
with cardiovascular morbidity and all-cause, cardiovascular and 
respiratory mortality in participants with PRISm. The relationship 
between PRISm and a variety of adverse health outcomes,1 4 6–11 
particularly cardiovascular morbidity and mortality,4 7 10 11 has been 
previously reported. Using data from the UK Biobank, Higbee et 
al1 found that PRISm was associated with increased risks of CVD, 
diabetes, asthma and all-cause mortality. Of note, Li et al11 demons-
trated that participants with PRISm had elevated risks of macro-
vascular, microvascular complications and mortality in individuals 
with type 2 diabetes, supporting the potential inherent link between 
PRISm and CVH. LE8, released by the AHA, is a comprehensive 
CVH metric that encompasses the key modifiable factors necessary 
for a fulfilling and balanced life. Previous studies have also shown 
that individuals with a higher LE8 score had significantly decreased 
risks of a wide variety of adverse outcomes, including a 0.53-fold to 
0.86-fold lower risk of all-cause mortality28–30 and 0.26-fold to 0.82-
fold lower risks of cardiovascular mortality,17 28–31 heart failure32 and 
chronic kidney disease33 34 in the general population. The AHA has 
called for further assessment of the LE8 score in diverse subpopu-
lations.16 For example, a recent study demonstrated inverse associa-
tions between high LE8 score (LE8 score ≥80 vs LE8 score ≤49) and 
incident macrovascular (HR: 0.20, 95% CI 0.05 to 0.79) and micro-
vascular (HR: 0.24, 95% CI 0.06 to 0.98) diseases among participants 
with type 2 diabetes.35 Zhang et al36 showed that high LE8 score was 
inversely associated with incident atherosclerotic CVD in patients 
with cancer (HR Tertile 3 vs Tertile 1: 0.54, 95% CI 0.39 to 0.75). Consi-
dering the potential link between PRISm and CVH,11 our current 
findings extended existing studies by demonstrating that in partici-
pants with PRISm, a high-risk subpopulation for CVD and morta-
lity,6–9 lower LE8 scores were associated with increased risks of car-
diovascular morbidity and all-cause, cardiovascular and respiratory 
mortality, which supports the utility of monitoring and screening 
LE8 in individuals with PRISm. With LE8 as an easy-to- access and 
yet powerful tool, we can identify individuals at higher risk and take 
care to modify individual risk factors, thereby preventing adverse 
outcomes in individuals with PRISm to the greatest extent possible.

The potential for deterioration or improvement of spirometry 
has gained considerable interest in prior research.12 14 15 Wan et 
al14 demonstrated that individuals with PRISm are members of an 
unstable group, with frequent significant transitions to both obs-
truction and normal spirometry over time. Furthermore, previous 
studies have identified the susceptibility of the transition from 
PRISm to normal spirometry,12 14 37 especially in individuals with 
mild PRISm.6 Therefore, it is important to mention that our study 
provided inspiring insights into the associations of LE8 with di-
verse transition trajectories of spirometry. Our findings revealed 
that a lower LE8 score was associated with increased likelihood 
of transitioning from normal spirometry to PRISm and reduced 
odds of reverting from PRISm to normal spirometry, which indi-
cates the potential value of LE8 as an intervention target to pro-
mote reversion of PRISm to normal spirometry. Considering the 
frequency of adverse outcomes in relation to PRISm,4 6–11 adhering 
to an ideal LE8 score may play an important role in achieving nor-
mal spirometry and optimising prognosis of PRISm. The fact that 
LE8 and PRISm can be measured and monitored through routine 
health examinations supports the usability and convenience of the 
intervention strategies. Altogether, our results support a potential 
CVH-based intervention study in individuals with PRISm to see 
if improving health-related behaviours and factors could result in 
improvement in pulmonary function over time.

We also observed an interesting phenomenon that participants 
with lower LE8 levels tended to have decreased odds of transitioning 
from PRISm to obstructive spirometry in a sensitivity analysis using 
a fixed ratio of FEV1/FVC rather than the LLN criteria. However, 
we found that in this transition group, participants with low LE8 
score tended to have numerically greater declines in FEV1 and espe-
cially FVC than those with high or moderate LE8 score, suggesting 
worsening of lung function overall, while about half of participants 
with high LE8 score even improved their FVC during follow-up (on-

line supplemental table 24). Furthermore, those with low LE8 score 
continued to have significantly elevated respiratory mortality (HR: 
3.904, 95% CI 1.533 to 9.942) when PRISm was defined using the 
fixed ratio criteria, suggesting that the finding of lower odds of tran-
sition to obstructive spirometry may be an epiphenomenon in this 
context. We speculate that at least some participants with moderate 
or high LE8 scores in this transition group may represent individuals 
who developed a reduced FEV1/FVC ratio due to a relative improve-
ment in the FVC on follow-up. Literature on obstructive spirometry 
suggests that the criterion for obstructive spirometry, when defined 
as an FEV1/FVC ratio below 0.7, may lead to overestimation of obs-
tructive spirometry in older individuals.9 12 38 39 In the present study, 
the use of FEV1/FVC ≥LLN to define PRISm should represent an 
optimal option, since approximately half of the individuals included 
were over 60 years old at baseline. Taken together, the finding that 
a lower LE8 score may reduce the odds of transition from PRISm 
to obstructive spirometry using the fixed ratio definition should be 
interpreted with caution; further studies with larger sample sizes are 
needed to validate these hypotheses.

One of the main strengths of our study lies in it being the first 
assessment of LE8 scores in relation to a range of adverse outcomes 
in individuals with PRISm. Most importantly, we are the first to ex-
plore the relationship between LE8, an important measure of CVH, 
and subsequent PRISm trajectories. Other strengths of our study 
contained a large sample size, a prospective study design, a long 
follow-up duration and professional spirometry. However, several 
limitations should also be mentioned. First, due to data availabi-
lity, we could not account for potential changes of LE8 score du-
ring follow-up. Second, since information on e-cigarettes was not 
available in UK Biobank, we might slightly overestimate the LE8 
score in this study. Third, although our study employs a prospec-
tive design, considering its observational nature, future research is 
still warranted to determine the causal relationship. If validated in 
randomised controlled trials, LE8 could have far-reaching implica-
tions for interventions aimed at reversal of PRISm to normal spiro-
metry. Fourth, due to data availability, only a subset of individuals 
was included in the transition trajectory analyses. Although baseli-
ne characteristics were statistically different between the included 
population and the whole population (online supplemental tables 
25 and 26), most differences were not large from a clinical pers-
pective, and we have adjusted for these potential influencing fac-
tors in multivariate analyses. Fifth, the participants from the UK 
Biobank are generally of British or Irish ancestry, and hence our 
findings may not be fully generalisable to individuals with other 
ethnic backgrounds. Further studies are needed to explore the as-
sociations among individuals with different ethnic backgrounds. 
Finally, other limitations included recall bias in self-reported data, 
residual confounding due to unmeasured confounders, and the 
use of a modified diet score due to the unavailability of metrics 
recommended by the AHA.

CONCLUSION
This prospective study revealed that in individuals with PRISm, ha-
ving a lower LE8 score was associated with considerably increased 
risks of cardiovascular morbidity and all-cause, cardiovascular and 
respiratory mortality. These findings suggest that screening and mo-
nitoring LE8 in individuals with PRISm could have far-reaching be-
nefits for the prevention of adverse outcomes. In addition, our study 
uncovered the associations between the LE8 score and the occurren-
ce and reversal of PRISm, indicating a potential intervention target 
for maintaining or improving pulmonary function. Future studies 
are warranted to determine the causal nature of these associations 
and to gain a more profound understanding of the role of LE8 in 
pulmonary health and intervention.
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RESUMO
Contexto: A síndrome da apneia obstrutiva do sono 
(OSAS) tem sido reconhecida como um potencial fator de 
risco para o declínio cognitivo, mas a sua relação precisa 
com a demência ainda é incerta. Este estudo teve como 
objetivo determinar o risco de demência em indivíduos 
com e sem OSAS.
Métodos Os dados foram extraídos de 2,3 milhões de 
adultos (≥18 anos) do Clinical Practice Research Datalink 
(2000–2022), um banco de dados nacionalmente repre-
sentativo de registros eletrónicos de saúde primária no 
Reino Unido. Foram aferidos por resultados de propensão 
193 600 indivíduos com OSAS e 536 701 indivíduos sem 
OSAS. Modelos de regressão de riscos proporcionais de 
Cox foram aplicados para quantificar o risco de desenvol-
ver demência por todas as causas, demência vascular e 
doença de Alzheimer entre indivíduos com e sem OSAS.
Resultados Com um seguimento mediano de 4,0 anos 
(IQR 1,8–7,5), 2802 e 6211 indivíduos desenvolveram 
demência por todas as causas nos grupos com e sem 
OSAS, respetivamente, correspondendo a taxas de inci-
dência bruta de 2,47 e 2,34 por 1000 pessoas-ano. A 
presença de OSAS foi associada a maiores riscos de 
demência por todas as causas (HR ajustado (aHR) 1,12, 
IC 95% 1,07 a 1,17), demência vascular (1,29, IC 95% 
1,19 a 1,41) e risco inalterado de doença de Alzheimer 
(1,07, IC 95% 0,99 a 1,16). Indivíduos com OSAS que 
receberam tratamento com pressão positiva contínua nas 
vias aéreas (CPAP) apresentaram um risco semelhante de 
demência por todas as causas em comparação com seus 
pares aferidos (0,99, IC 95% 0,74 a 1,32).
Conclusão A OSAS está associada a maiores riscos de 
demência por todas as causas e algumas de suas subca-
tegorias. São necessárias mais investigações para avaliar 
os benefícios clínicos da triagem para comprometimento 
cognitivo em pessoas com OSAS e para determinar 
melhor o impacto do CPAP no declínio cognitivo e no 
risco de demência.

INTRODUCTION
Dementia is a syndrome that leads to deterioration 
in cognitive function mainly in older people and is 
currently the seventh leading cause of death global-
ly affecting more than 55 million people.1 In 2019, 
approximately 25.3 million disability-adjusted life-
years were attributed to Alzheimer’s disease and 
other dementias, with future prevalence projected 
to increase as populations age.2 This represents a 
huge public health challenge for societies and health 
systems.1 3 About 40% of cases of dementia can be 
attributed to known modifiable risk factors, such as 
high body mass index (BMI), high fasting plasma 
glucose, tobacco use and consumption of sugar-
sweetened beverages.2 Further work is needed to 
identify and mitigate other modifiable risk factors 
causally associated with the future risk of dementia. 

Obstructive sleep apnoea syndrome (OSAS) is de-
fined as the coexistence of excessive daytime sleepi-

ness with obstructive sleep apnoea (OSA), which is 
irregular nocturnal breathing secondary to partial or 
complete upper airway collapse during sleep, resul- 
ting in oxygen desaturation.4 The prevalence of 
OSAS is estimated to vary from 3% to 7%,5 which 
is likely to increase with the global rise in obesity.6 
OSAS has been recognised as an independent risk 
factor for a number of chronic conditions, including 
hypertension,7 cardiovascular disease8 and stroke.9 
OSAS can potentially be treated by addressing mo-
difiable risk factors, such as obesity, smoking and al-
cohol use, and by use of continuous positive airway 
pressure (CPAP) or intraoral devices.10

Emerging evidence suggests that OSAS may 
be associated with an increased risk of dementia. 
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Key messages

What is the key question?
uIndividuals with obstructive sleep apnoea 

syndrome (OSAS) are at a higher risk of 
cognitive decline, including impairments 
in memory, attention, executive function 
and overall cognitive abilities.

u However, the association of OSAS with 
dementia remains uncertain.

u A small number of studies with significant 
methodological limitations have prima-
rily focused on specific subpopulations 
of OSAS,  limiting the generalisability of 
findings.

.
What is the bottom line?
uWe found that the presence of OSAS is asso-

ciated with an increased risk of all-cause 
dementia, specifically vascular dementia.

u This finding persisted across age and weight 
subgroups, but not among women.

u Notably, among individuals with OSAS who 
received continuous positive airway pres-
sure (CPAP) treatment, no elevated risk of 
all-cause dementia was observed.

Why read on?
uThis work suggests that OSAS may be an 

important independent and modifiable risk 
factor for dementia.

u Patients with OSAS should be counselled 
about this risk and receive access to cogni-
tive assessments to screen for dementia.

u This risk may potentially be ameliorated by 
CPAP, which could form part of a preventa-
tive strategy to reduce the risk of dementia 
onset in people with OSAS.

© Author(s) (or their 
employer(s)) 2025. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.
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A systematic review and meta-analysis of observational studies 
showed that individuals with sleep-disordered breathing were 26% 
more likely to develop cognitive impairment than those without.11 
A neuroimaging study of 83 middle-aged to older adults with evi-
dence of cognitive impairment showed an association between oxy- 
gen desaturation and reduced temporal lobe cortical thickness.12 
This suggests how OSA may contribute to neurodegeneration in 
older adults.

A recent meta-analysis found an association between sleep ap-
noea and the risk of dementia and its subtypes.13 It included six 
cohort studies (all-cause dementia: four studies with 190 187 in-
dividuals, vascular dementia: two studies with 188 222 individu-
als, and Alzheimer’s disease: five studies with 1 241 193 indivi-
duals), the results of which were largely dominated by one study 
with only older male veterans (n=179 738) and another with only 
older adults that did not control for obesity (n=1 035 536, age ≥66 
years).14 15 Three further meta-analyses identified a number of 
cohort studies showing an association between sleep-disordered 
breathing and cognitive impairment and dementia.16–18 Most of the 
included studies, however, used self-reported measures of OSAS, 
most were cross-sectional, and many had small sample sizes.

There is therefore a need for large-scale high-quality popula-
tion-based studies to investigate the associations between OSAS 
and the risk of dementia and its subtypes (mainly Alzheimer’s 
disease and vascular dementia), and whether any such associa-
tions are modified by CPAP. The objective of this epidemiological 
study was to investigate the association between OSAS and the 
incidence of dementia and its most common subtypes, and to 

evaluate whether any observed associations could be mitigated 
by the use of CPAP.

METHODS
Study design
This was an open cohort study using electronic health record data 
to estimate the risk of developing dementia and its most common 
subtypes (Alzheimer’s disease and vascular dementia) among in-
dividuals with OSAS compared with propensity score–matched 
individuals without OSAS.

Data source
The data for this study were derived from the Clinical Practice 
Research Datalink (CPRD) GOLD and CPRD Aurum databases, 
which receive data from computerised primary care records co-
vering approximately 16.8 million active participants from general 
practices that use Vision/EMIS Web electronic medical records 
software across the UK in 2022.19 Information relating to symp-
toms, examinations, investigations and diagnoses is recorded as 
Read codes and SNOMED-CT codes in CPRD GOLD and CPRD 
Aurum (online supplemental tables 1-4), respectively.20 To im-
prove data quality, general practices were eligible to be included 
in this study from the later of 12 months after the installation of 
Vision/ EMIS Web software and 12 months after reporting accep-
table mortality rates.21 Data from CPRD GOLD and CPRD Aurum 
were merged for this analysis.

Population
Adults aged 18 years and above and registered between 1 January 
2000 and 31 December 2022 were eligible for inclusion. Individuals 
with Parkinson’s disease or dementia at baseline were excluded. All 
eligible individuals with a diagnosis of OSAS (prevalent or inci-
dent) constituted the exposed cohort, while those without OSAS 
were eligible for the unexposed cohort. Individuals with a record 
of CPAP treatment at baseline in the unexposed cohort were 
further excluded.

Outcomes
The primary outcome was all-cause dementia, as defined by re-
levant clinical (Read/SNOMED-CT) codes (online supplemental 
table 2). The secondary outcomes were the two main subtypes of 
dementia, Alzheimer’s disease and vascular dementia (online sup-
plemental tables 3,4).

Follow-up period
The index date for exposed individuals was the latest of the fol-
lowing events: (1) date of OSAS diagnosis; (2) 12 months after re-
gistration date; (3) 12 months after achieving acceptable mortality 
reporting; or (4) 12 months usage of electronic medical records. In 
the subcohort restricted to exposed individuals with a new diag-
nosis of OSAS (incident cases) and their corresponding matched 
counterparts, the index date for exposed individuals was the first 
diagnosis date of OSAS. All eligible individuals were followed up 
until the earliest of any censoring event (patient left the dataset 
or transferred out of practice, death, study end date, most recent 
practice data upload or an outcome event).

Covariates
Covariates that may influence the outcomes were selected based on 
biological plausibility and previous literature (online supplemental 
table 5). The covariate included within this study were (1) socio-
demographic characteristics: age, sex, ethnic group, Townsend in-
dex (a measure of socioeconomic deprivation) and index year; (2) 
behavioural risk factors: BMI, smoking status (smoker, ex-smoker
and non-smoker) and drinking status (drinker, ex-drinker and 
non-drinker); (3) comorbidities: atrial fibrillation, hypertension, 
type 1 diabetes, type 2 diabetes, heart failure, myocardial infarc-
tion, ischaemic heart disease, stroke or transient ischaemic attack, 
peripheral vascular disease, chronic kidney disease (stage 3 to 5), 
chronic liver disease, rheumatoid arthritis, osteoarthritis, gout, 
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hypothyroidism, hyperthyroidism, multiple sclerosis, age-related 
macular degeneration, cataract, glaucoma, deafness/hearing loss, 
B12 deficiency, depression and anxiety; (4) biomarkers: haemo-
globin A1c (HbA1c), estimated glomerular filtration rate, systolic 
and diastolic blood pressures, and lipid profile; (5) medications: 
glucose-lowering agents, lipid-lowering drugs, antihypertensive 
drugs, anticoagulants and antiplatelets. All covariates were iden-
tified on or before the index date. All prescriptions and condi-
tions mentioned above were identified by relevant clinical (Read/
SNOMED-CT) codes. Missingness of variables with over 20% 
missing were classed as a separate missing category. Multiple im-
putation using chained equations with predictive mean matching 
was used for continuous variables with missingness less than 20% 
(BMI and systolic and diastolic blood pressures), with 20 simu-
lated complete datasets being created,22 under the assumption of 
values being missing at random.

Propensity score matching
Data were initially extracted for the study using the Data Extrac-
tion for Epidemiological Research (DExTER) tool using a time-
dependent exact matching algorithm (matching ratio=1:10) for 
age (±5 years), sex and health authority region to save computa-
tional power.23 After multiple imputations, time-conditional pro-
pensity score matching was applied as the exposure model in each 
simulated complete dataset. Propensity scores for the presence of 
OSAS were estimated using a logistic regression model including 
a set of covariates described in the Covariates section. Continuous 
variables with imputed values were used to generate propensity 
scores. To ensure positivity (having adequate variation in the treat-
ment of interest within confounder strata), propensity scores were 
truncated and only participants with propensity scores that lay 
on the common support with a calliper width of 0.2 were eligible 
for matching. For each patient with OSAS, up to four individuals 
without OSAS were randomly selected by propensity score using 
the nearest neighbour algorithm. Unexposed individuals matched 
to the OSAS individuals were assigned the same index date to miti-
gate immortal time bias.24

Analysis
The baseline covariates were summarised for individuals with 
OSAS and matched individuals without OSAS using standard 
descriptive statistics. Categorical variables were presented as fre-
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quencies and percentages and continuous variables as means and 
SD. Crude incidence rates per 1000 person-years of dementia, 
Alzheimer’s disease and vascular dementia were calculated for in-
dividuals with OSAS and their corresponding matched individuals 
without OSAS using a Poisson regression model.

Competing risk Cox proportional hazards regression models 
were used to calculate crude and adjusted HRs together with their 
corresponding 95% CIs. Death during the follow-up period was 
treated as a competing event for all outcome events. Schoenfeld 
residual test was applied to assess the assumption of proportionali-
ty in the Cox proportional hazards model. All covariates listed in 
the above section were included in the Cox models and missing-
ness was treated as a separate category. After matching, each of the 
imputed propensity score–matched datasets were independently 
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analysed using the same methods and the results combined to pro-
duce estimates and CIs that incorporate missing-data uncertainty, 
using Rubin rules.

To limit the possibility of survival bias, sensitivity analyses were 
performed restricted to exposed individuals with a new diagnosis 
of OSAS during the study period (incident cases) and their corre-
sponding matched individuals without OSAS. To delineate the ef-
fect of OSAS on all-cause dementia in specific subgroups, subgroup 
analyses were conducted stratified by age, sex, obesity status and 
the presence of CPAP treatment at baseline. For subgroup analy-
ses of age, sex and obesity status, individuals with OSAS and their 
matched counterparts in the same subgroup were used for analyses.

Given that our cohort extended over a 22-year period, we mo-
delled the HR according to year of cohort entry year as continuous 
variables by using restricted cubic splines to examine whether a 
potential period effect on the findings was present. 

All analyses were performed in R V.4.3.0 (The R Foundation for 
Statistical Computing). 95% CIs were constructed using a two-
sided alpha of 0.05.

RESULTS
Participant characteristics
The study included 193 600 individuals with OSAS (incident 
OSAS: 179 625) and 536 701 propensity score–matched individu-
als without OSAS (figure 1, tables 1 and 2). The age, sex, ethnicity, 
socioeconomic status, and smoking and drinking status of both 
groups were similar. Mean BMI values were 33.7 (SD 7.6) in indi-
viduals with OSAS and 31.4 (SD 6.5) in individuals without OSAS. 
In general, comorbidities were slightly more prevalent among in-
dividuals with OSAS than matched individuals without OSAS.

All-cause dementia
About 2802 of 193 600 individuals with OSAS over 1 135 023 per-
son-years developed all-cause dementia during the study period, 
giving a crude incidence rate of 2.47 per 1000 person-years (table 
3). Then, 6211 of 536 701 matched individuals without OSAS de-
veloped all-cause dementia over 2 658 037 person-years, giving a 
crude incidence rate of 2.34 per 1000 person-years. The relative 
hazard of developing all-cause dementia was similar between indi-
viduals with OSAS and matched individuals without OSAS before 
adjustment (crude HR 1.00, 95% CI 0.96 to 1.05; figure 2). After 
adjusting for all covariates, HRs were estimated to be 12% higher 
in individuals with OSAS (adjusted HR 1.12, 95% CI 1.07 to 1.17), 
which was close to the results of the sensitivity analysis when li-
mited to individuals with incident OSAS and their matched coun-
terparts (adjusted HR 1.12, 95% CI 1.07 to 1.18).

Figure 3 presented the results of subgroup analyses stratified by 
age, sex, BMI categories and the presence of CPAP treatment. The 
effect of OSAS on incident dementia persisted among most sub-
groups, but not females (adjusted HR 1.05, 95% CI 0.93 to 1.18). 
When stratifying by those treated with CPAP versus those untreated 
(compared with their corresponding matched individuals without 
OSAS), the effect disappeared in the CPAP-treated group (adjusted 
HR 0.99, 95% CI 0.74 to 1.32) while remaining statistically signifi-
cant in the untreated group (adjusted HR 1.12, 95% CI 1.07 to 1.18).

Vascular dementia
Out of 193 600 individuals with OSAS, 898 were recorded as ha-
ving developed vascular dementia over 1 140 686 person-years of 
follow-up, giving a crude incidence rate of 0.79 per 1000 person-
years (table 3). About 1627 of 536 701 matched individuals without 
OSAS developed vascular dementia over 2 670 415 person-years, 
with an incidence rate of 0.61 per 1000 person-years. After adjust-
ment for covariates, individuals with OSAS still had a significantly
higher hazard of developing vascular dementia compared with 
their matched individuals without OSAS (adjusted HR 1.29, 95% 
CI 1.19 to 1.41; Figure 2, table 3).

Alzheimer’s disease
About 920 of 193 600 individuals with OSAS and 2219 of 536 701 
matched individuals without OSAS developed Alzheimer’s disease 
during the follow-up period, corresponding to crude incidence 
rates of 0.81 and 0.83 per 1000 person-years, respectively. After 
adjustment, the difference was not statistically significant between 
individuals with prevalent or incident OSAS and those without 
OSAS (adjusted HR 1.07, 95% CI 0.99 to 1.16). However, a small 
but statistically significant increased risk of developing Alzhei-
mer’s disease was observed in individuals with incident OSAS, 
compared with their unexposed counterparts (adjusted HR 1.09, 
95% CI 1.01 to 1.18, table 3).

Restricted cubic splines analyses showed that differences in the 
relative risk of outcome events between those with and without 
OSAS remained constant over the cohort entry year (online sup-
plemental figure 1).

DISCUSSION
We found that individuals with prevalent or incident OSAS had 
significantly increased risks of developing all-cause dementia and 
vascular dementia, but not Alzheimer’s disease, compared with 
their matched counterparts without OSAS. The enhanced risk of 
all-cause dementia remained present in different age and BMI 
groups, but not in females and those treated with CPAP.
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Our results are largely consistent with previous large-scale stu-
dies but with slightly smaller effect estimates. This may partly be 
due to the minimised confounding between the groups with and 
without OSAS by propensity score matching, which included the 
vast majority of key confounding factors. It may be also because 
of the relatively high BMI values (mean BMI 33.7 kg/m2 in those 
OSAS and 31.4 kg/m2 in those without) of participants, as obesity 
was recognised a well-known risk factor for dementia,25 compared 
with other studies.

Similar to the results of our subgroup analysis for males, a study 
in the USA using data derived from 179 738 male veterans found 
individuals with sleep apnoea (n=7010) had increased risk of all-
cause dementia (adjusted HR 1.23, 95% CI 1.14 to 1.33), vascular 
dementia (adjusted HR 1.18, 95% CI 0.99 to 1.42) and Alzheimer’s 
disease (adjusted HR 1.20, 95% CI 1.01 to 1.42), compared with 
those without sleep apnoea.14 The significant imbalance in charac-
teristics between the groups in this study, especially obesity (35% 
vs 15.4%) and comorbidities, may have contributed to the higher 
effect estimates in that study as compared with our findings.

In our study, we identified that women with OSAS had no in-
crease in risk of all-cause dementia. This may be due to a greater 
degree of underdiagnosis of OSAS in women, leading to a bias to-
wards the null.26 However, we also observed that the association 

with dementia appears stronger for vascular dementia. Men are at 
greater risk of developing vascular dementia than women,27 while 
the association is inverted for Alzheimer’s disease, and so if OSAS 
causes dementia through vascular mechanisms, OSAS may pose 
a greater risk to men for developing dementia. Further research 
is needed to confirm both causative mechanisms and the associa-
tions reported, as other studies have observed conflicting relation-
ships between OSAS and dementia in women.28

Evidence suggests the pathophysiological process behind in-
creased rates of dementia in individuals with OSAS is most strong-
ly related to repeated episodes of hypoxia during sleep rather than 
sleep deprivation itself.14 A prospective study of brain autopsies in 
Honolulu found that the longer men spent with hypoxia during 
sleep, the greater the number of microinfarcts found in the brain at 
autopsy.29 This may explain our finding that OSAS appears to pre-
dict a higher risk of developing vascular dementia, and this may 
well be exacerbated by cardiovascular comorbidities.

Another US-based study using administrative claims data from 
a million older adults (mean age 76 years) observed an increased 
risk of developing Alzheimer’s disease (adjusted HR 1.25, 95% 
CI 1.21 to 1.29) in participants with OSAS, compared with those 
without OSAS.15 However, this also found an increased risk in the 
predefined negative control outcome (renal colic, adjusted HR 
1.24, 95% CI 1.11 to 1.39). A limitation of this study is that it did 
not control for BMI, which is critically important for the disease 
progress of both OSAS and all types of dementia.30 31 

Another potential explanation for the subtle difference in risk of 
Alzheimer’s disease we observed between those with and without 
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OSAS is that we did not account for OSAS severity, which is typical-
ly not recorded in primary care electronic health records. A recent 
meta-analysis included 8 studies of about 800 participants showing 
that Alzheimer’s disease-related biomarkers in cerebrospinal fluid, 
including amyloid β42, T-tau and P-tau, overall were not different 
between patients with OSAS and their controls.32 However, elevated 
blood T-tau, P tau and amyloid β40, as well as decreased cerebros-
pinal fluid amyloid β42, were observed only in individuals with mo-
derate to severe OSAS, as compared with the controls.

Our results found that those receiving CPAP had a similar risk 
of all-cause dementia as their matched controls, while those not 
receiving CPAP had an elevated risk to their matched controls. 
This subgroup of individuals who received CPAP may also rep-
resent those with more severe disease. However, they only consti-
tuted 3.4% of those diagnosed with OSAS in our cohort, so caution 
is needed in interpreting these findings. These results were partly 
confirmed by previous literature, although in among small stu-
dies. In a systematic review published in 2022, 9 out of 11 studies 
reported a protective effect of PAP therapy on mild cognitive im-
pairment and Alzheimer’s disease incidence in adults with OSAS.33 
Similarly, Pollicina et al performed a comprehensive review of 
English language articles over 20 years and found that 10 out of 
14 articles reported neurocognitive performance improvements in 
patients with OSAS after CPAP therapy.34

Our study included a large sample size and adjusted for many 
important confounding factors that are known to be associated 
with both OSAS and an increased risk of dementia. However, the 
study has several limitations. Although we were able to adjust for 
several clinically relevant covariates, there was limited data on the 
severity of OSAS in CPRD GOLD and Aurum.

There is likely to be a degree of under-recognition and thus mis-
classification of OSAS in primary care as those presenting for care 
are likely to be relatively more symptomatic. An estimated 23.5 
million (80%) of the 29.4 million adults with OSAS in the USA 
remain undiagnosed, resulting in an annual economic burden of 
$149.6 billion.35 Our result may therefore not be representative of 
all individuals with the condition, but rather reflect risks in in-
dividuals who access primary care services and are successfully 
diagnosed with OSAS. Furthermore, the diagnosis of OSAS was 
not standardised due to differences in the methods currently em-
ployed by different sleep clinics (oximetry vs polygraphy vs poly-
somnography) and cut-off criteria of Apnea Hypopnea Index or 
oxygen desaturation index, which is a common problem existing 
in large-scale population-based studies using electronic health 
records. Test results from secondary care were not available in this 
primary care dataset, and so we could not standardise cut offs or 
account for possible mechanisms such as nocturnal hypoxaemia. 
Meanwhile, patients with OSAS may have more frequent interac-
tions with healthcare professionals, potentially leading to detec-
tion bias.  Although we controlled for relevant comorbidities at 
baseline, residual confounding related to differential diagnostic 
practices may still exist. Lastly, while multiple imputation was ap-
plied, it is worth acknowledging that its assumption of missing at 
random may not be fully satisfied.

Individuals with OSAS appear to be at increased risk of develo-
ping all-cause and vascular dementia. These individuals are likely to 
benefit from more intensive primary cardiovascular prevention (eg, 
management of hypertension, hypercholesterolaemia and smoking 
cessation) to reduce dementia risk, particularly for vascular demen-
tia. They may also benefit from screening for dementia due to the 
observed increased risk. It is currently unclear whether CPAP or 
other interventions for OSAS modifies this increased risk, but our 
data support the hypothesis that it may. Further prospective stu- 
dies are needed to assess whether CPAP improves the risks and out-
comes from all-cause and vascular dementia in these individuals.

CONCLUSIONS
OSAS is associated with increased risks of all-cause dementia and 
vascular dementia, but not Alzheimer’s disease. Further cohort 

studies are needed to confirm this association. Further research is 
needed to assess whether enhanced cardiovascular risk prevention 
and CPAP modify this increased risk and whether screening for 
dementia is beneficial in these individuals.
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RESUMO
Contexto A reabilitação pulmonar (RP) é um elemento 
essencial na gestão da doença pulmonar obstrutiva crónica 
(DPOC). No entanto, o acesso a programas convencionais 
de RP presenciais é limitado.
Métodos Este ensaio clínico randomizado multicêntrico 
recrutou doentes com DPOC de 18 locais na Alemanha e 
Suíça, com o objetivo de avaliar o impacto de 12 semanas 
de uma aplicação móvel (grupo de intervenção, GI) na qua-
lidade de vida, medida pelo Teste de Avaliação da DPOC 
(CAT), e na capacidade de exercício, avaliada pelo teste 
de sentar-levantar de 1 minuto (1MSTST), em compara-
ção com um grupo de controlo (GC) que recebeu cuidados 
padrão melhorados.
Resultados Foram incluídos 278 doentes no estudo, com 
idade mediana de 65 anos (IQR 60–70) e volume expira-
tório forçado em 1 segundo de 48% previsto (IQR 37–60). 
Na análise por intenção de tratar na semana 12, o CAT 
melhorou em média −4 pontos no GI versus −3 pontos no 
GC (diferença: 0 pontos, IC 95%: −1, 2; p=0,7); o 1MSTST 
melhorou em 1 vs 2 repetições, respetivamente (diferença: 
1 repetição, IC 95%: 0, 2; p=0,12). Num subgrupo do GI, 
com doentes agrupados por adesão à aplicação (≥3 dias/
semana durante ≥75% das semanas), os utilizadores ade-
rentes (40,4%) melhoraram o 1MSTST em comparação 
com os não aderentes, com mediana de 2 repetições (IC 
95%: 1, 3; p=0,006). O uso da aplicação não levantou 
preocupações de segurança.
Conclusões A RP baseada em aplicação móvel melhorou 
os resultados na DPOC em comparação com a linha de 
base, e os utilizadores aderentes melhoraram mais a capa-
cidade de exercício em comparação com os não aderentes. 
Embora não tenha sido estatisticamente significativa em 
comparação com os cuidados padrão melhorados, este 
estudo pode apoiar o uso desta aplicação na gestão da 
DPOC e aborda o desafio do acesso a intervenções de RP.
Registo do ensaio clínico: DRKS 00024390.

INTRODUCTION 
Pulmonary rehabilitation (PR) is an essential 
part of the management of chronic obstructive 
pulmonary disease (COPD), comprising exercise 
training, education and behaviour modification. 
The evidence for traditional face-to-face PR in 
COPD is compelling, with beneficial effects on 
exercise capacity, muscle function, quality of life 
and symptoms.1 2 However, such programmes are 
limited by access, capacity and uptake,3–5 being 
used by fewer than 2% of eligible patients with 
COPD.6 Tele-PR has been proposed as an alter-
native strategy in COPD,7 8 although the term 
‘tele-PR’ encompasses different models, including 
videoconferences, webpages or mobile apps, with 
varying telephone support and monitoring.9–11 
A Cochrane review comparing tele-PR with 
conventional centre-based PR or no rehabilitation 
found that tele-PR generated similar outcomes to 

centre-based PR in terms of exercise capacity and 
quality of life, and was superior to no rehabilita-
tion.12 However, the varying approaches, limited 
number of study participants, and few studies 
including post-intervention follow-up, mean that 
identifying the long-term effects of tele-PR is 

ARTIGO ORIGINAL 

Reabilitação pulmonar baseada em aplicação 
móvel na DPOC: um ensaio clínico randomizado 
multicêntrico
Rainer Gloeckl,1,2 Marc Spielmanns,3,4 Asta Stankeviciene,5 Anne Plidschun,5 Daniela 
Kroll,1,2 Inga Jarosch,1,2 Tessa Schneeberger,1,2 Bernhard Ulm,6 Claus F Vogelmeier,7 
Andreas Rembert Koczulla1,2,8

To cite: Gloeckl R, 
Spielmanns M, Stankeviciene 
A, et al. Thorax 
2025;80:209–217.

© 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

uPulmonary rehabilitation (PR) is widely 
recognised as a cornerstone in managing 
chronic obstructive pulmonary disease 
(COPD). It offers significant benefits in 
terms of exercise capacity, quality of life 
and symptom control. However, tradi-
tional face-to-face PR programmes have 
limitations such as limited access, capa-
city constraints and low uptake rates. 
Tele-PR has emerged as a potential solu-
tion, encompassing various modalities 
such as videoconferencing, webpages or 
mobile applications. Although some stu-
dies have shown comparable outcomes 
between tele-PR and centre-based PR, the 
follow-up effects of tele-PR, particularly 
application-based applicationroaches, 
remain underexplored.

WHAT THIS STUDY ADDS
uThis multicentre randomised controlled 

trial aims to investigate the effectiveness 
of a fully automated, interactive smar-
tphone application in improving symp-
toms and physical function in COPD. 
Unlike previous studies, which prima-
rily focused on tele-PR via videocon-
ferencing or web-based platforms, this 
trial specifically examines the impact of 
an application-based intervention. The 
application includes customised exercise 
training, educational material and bre-
athing/ relaxation sessions, making it a 
comprehensive self-management tool for 
patients with COPD. This study enhances 
the existing literature by addressing the 
gap in knowledge regarding the effecti-
veness of application-based PR in COPD 
management, through the use of rigorous 
methodology and a large sample size 
across multiple centres.
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challenging. In particular, of the 15 tele-PR studies included in the 
Cochrane analysis, only one used an app-based approach. Given 
the minimal prior data, we conducted a trial to investigate the effec-
tiveness of a fully automated, interactive, mobile app in improving 
symptoms and physical function in patients with COPD.

METHODS
Study design and participants
This multicentre randomised controlled trial (RCT) was conducted 
across 18 study centres in Germany and Switzerland, comprising 
six medical practices, five hospitals, five research institutions and 
two PR centres (Online supplemental e-table 1).

Participants were aged≥40 years, diagnosed with COPD, 
with post-bronchodilator forced expiratory volume in 1 s≥30% 
predicted, COPD Assessment Test (CAT) total score ≥ 20, and 
receiving stable maintenance COPD treatment (ie, with no treat-
ment changes in the 4 weeks prior to entry). Additionally, they had 
a good understanding of German and were able to comprehend 

the study materials, assessments and smartphone apps in general. 
Patients with physical, cognitive or safety-related problems 
hindering their ability to participate, receiving long-term oxygen 
therapy at>3 L/min, or regularly using non-invasive ventila-
tion were ineligible, as were those enrolled in another clinical 
trial involving an investigational medication/device within 30 
days prior to enrolment, with prior experience of a COPD self-
management app or web-based programme, or who intended to 
participate in a conventional PR programme during the study. 
The trial was registered with the German Clinical Trials Register 
(registered: 26 May 2021), and was conducted according to Good 
Clinical Practice and the Declaration of Helsinki.

Study procedure
The study intervention duration was 12 weeks, with additional 
follow-up after a total of 24 weeks. After enrolment, patients were 
randomised 1:1 using block randomisation (block size four) to 
an intervention group (IVG) receiving the app or a control group 
(CTG). A randomisation list was generated for each site, with 
treatment assignment concealed from the statistician during the 
final analysis (although not study staff and participants, due to the 
nature of the intervention). All participants were provided with a 
study smartphone, to protect patient privacy by not using personal 
smartphones, and entered patient-reported outcomes data on 
a website via this smartphone, with data securely transmitted 
directly to the electronic case report form (eCRF) as electronic 
patient-reported outcomes (ePROs).

Intervention group
The study intervention was the multimodal personalised therapy app 
‘Kaia COPD’ (Kaia Health Software, Munich, Germany). This con-
sists of three therapy modules that are components of PR to promote 
self-management: individualised exercise training; educational con-
tent; and breathing/relaxation sessions (figure 1). The app dashboard 
presented participants with a daily choice of all three modules and 
encouraged them to complete one, two or all three at a convenient 
time, preferably daily. The use and completion of each module were 
automatically tracked by the app, with a weekly usage report provided 
to study sites. Inactive participants (<3 days of app usage per week) 
were contacted by study staff and were motivated to use the app. 

The core component of the app, the exercise training programme, 
required minimal equipment (eg, a mat, chair, water bottles as 
weights or a resistance band). Exercise sessions lasted approxi-
mately 15–20 min, were completed in an unsupervised manner 

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

uThe study’s findings provide valuable insights into the 
role of mobile applications in COPD management and 
PR. Although the overall analysis did not show statis-
tically significant differences between the application-
using group and the enhanced standard of care group, 
the study highlights the potential benefits of application-
based interventions, particularly for adherent users. 
Adherent application users showed improved exercise 
capacity, suggesting that the application could be a pro-
mising alternative for patients facing barriers to acces-
sing centre-based rehabilitation (especially compared 
with the real-life situation where patients with COPD 
receive less support than in the enhanced standard of 
care group). Furthermore, the high patient satisfaction 
and safety profile of the Kaia COPD application highli-
ght its potential as a viable option for addressing the 
challenges of access and adherence in PR interventions. 
These findings could guide future research directions, 
clinical guidelines and healthcare policies to enhance 
COPD management through innovative digital health 
solutions.
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and consisted of exercises focusing on muscle strengthening, ba-
lance and mobility, with visual and verbal instructions provided by 
video tutorials and a countdown timer. A standard exercise session 
consisted of an automatic selection of five exercises out of a pool 
of 64, with each exercise completed one to three times. After each 
session, patients rated the perceived difficulty on a five-point scale 
(very easy to very hard). An algorithm then automatically increased 
or decreased the difficulty for the next training session according to 
the patients’ ratings, adapting the duration, intensity and exercise 
type to patients’ individual needs.

The educational content was based on the internationally vali-
dated ‘Living Well with COPD’ patient guideline13 supplemented 
with videos on correct inhaler use. The breathing/relaxation ses-
sions included audio instructions on relaxation and/or breathing 
techniques, such as mindfulness or progressive muscle relaxation.

Control group
Patients allocated to the CTG received the ‘Living Well with COPD’ 
booklet containing disease management information and exercise 
instructions, and used a study smartphone to report outcomes, but 
did not have access to the app. At the request of the lead ethics com-
mittee, this group received additional support beyond the standard 
care to reduce potential psychological bias. This included education 
and encouragement to exercise, and a paper-based exercise diary. 
The CTG therefore received an ‘enhanced standard of care’ rather 
than the usual care originally planned. Both CTG and IVG par-
ticipants received telephone calls every 2 weeks from study staff to 
monitor for adverse events or other safety concerns. These calls did 
not include additional encouragement to exercise for intervention 
group participants, as their exercise guidance was fully integrated 
into the app content.

OUTCOMES
The prespecified co-primary outcomes were differences between IVG 
and CTG at 12 weeks in terms of health status (assessed by CAT) and 
exercise capacity (measured by 1-minute sit-to-stand test (1MSTST) 
repetitions). The 1MSTS tests were performed remotely via a video 
appointment between the participant and the study site staff.14 
Outcome assessors were not blinded to group allocation (as all out-
comes except the 1MSTST were collected digitally via an email link).

Secondary ePROs at baseline, and after 12 and 24 weeks included 
levels of anxiety and depression (Hospital Anxiety and Depression 

Scale (HADS)), health-related quality of life and disease burden 
(Veterans RAND 12-item health survey (VR-12)), patient enga-
gement in healthcare (Patient Activation Measure 13 (PAM-13)), 
healthcare resource utilisation, adverse events, CAT and 1MSTST at 
24 weeks and app satisfaction and helpfulness (IVG only). Further 
details on these endpoints are in the Online supplement.

As an exploratory outcome, the effect of the intervention on the 
incidence of mild, moderate or severe COPD exacerbations (Global 
Initiative of Chronic Obstructive Lung Disease 2022 definition15) was 
assessed (during telephone calls every two weeks in both groups to 
ask about the occurrence of any adverse events and any changes in 
medication).
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Sample size and statistical analyses
Based on a two-tailed t-test with 80% power, assuming a mean diffe-
rence of 2.5±6.0 points in CAT total score,16 111 patients per group 
would be required. For the 1MSTST, assuming a minimally impor-
tant difference of 3±6 repetitions,17 78 patients per arm would be 
required. Considering both primary endpoints with an initial alpha 
of 0.025, the CAT score calculation with the higher patient number 
determined the final sample size of 278 participants, including an 
expected 25% dropout rate. 

Normality was tested using the Shapiro-Wilk test with histo-
grams and qq-plots. Between-group comparisons were conducted 
using t-tests or Mann-Whitney U test for continuous variables 
and χ2 test or Fisher’s exact test for non-continuous variables, with 
median differences calculated using the Hodges-Lehmann esti-
mator. A p value of 0.05 was considered statistically significant, 
with the co-primary endpoints adjusted for multiple testing using 
Bonferroni’s method. Statistical analyses were performed using R 
(V.4.3.1) with R studio (2023.09.1+494, Foundation for Statistical 
Computing, Vienna, Austria).

The intention-to-treat (ITT) population included all randomised 
patients, regardless of their eligibility status after randomisation or 
adherence. The per-protocol (PP) population consisted of all rando-
mised patients who adhered to the study protocol, completed all 
relevant procedures at baseline and week 12, and had data available 
at week 12 for at least one co-primary endpoint.The IVG PP popula-
tion included only participants who met a predefined app adherence 
threshold (completion of the exercise programme≥3 days/week 
for≥75% of the weeks from baseline to week 12, based on app usage 
data). Subgroup analyses were also prespecified on the co-primary 
endpoints, with patients grouped by this adherence threshold.

Handling of missing data
Full case analysis is presented for ITT and PP analysis. As a sensi-
tivity analysis, missing data was imputed using a jump-to-reference 
approach with 2000 bootstrap samples. 

RESULTS
Between May 2021 and May 2023, 1417 patients were screened, 
with 278 randomised (figure 2; baseline demographics are in table 
1). A total of 124 and 120 patients in the IVG and CTG, respecti-
vely, completed the primary intervention phase (week 12), with 109 
and 114, respectively, completing week 24. The PP IVG population 
consisted of 46 patients (40.4%); 68 patients were excluded on the 
basis of adherence.

Primary endpoints
In the ITT population, between-group comparisons showed no 
statistically significant difference in improvement from baseline in 
the CAT total score at week 12, with a median change of −4 points 
(IQR −8 to –1; p<0.001) in the IVG and −3 points (IQR −8 to 0; 
p<0.001) in the CTG (table 2). For the 1MSTST, there were also no 
significant between-group differences in improvement from base-
line at week 12. Within-group changes in the ITT and PP population 
showed significant improvements from baseline in both CAT total 
scores and 1MSTST repetitions in both groups.

Furthermore, in a subgroup analysis of the IVG, with partici-
pants grouped by adherence, although CAT total score did not differ 
significantly between adherent and non-adherent patients, there 
was a greater improvement from baseline for 1MSTST in adhe-
rent patients, resulting in 2 (0 to 8) more repetitions in favour of 
the IVG (p=0.006; figure 3). There was also a significant correlation 
(p=0.016, online supplemental e-figure 1) between the number of 
active app training days and improvement in 1MSTST from baseline 
to week 12 in adherent versus non-adherent app users. There were 
no significant differences in baseline characteristics between adhe-
rent and non-adherent app users (online supplemental e-table 2).

Secondary endpoints
For the secondary endpoints, there were no differences between IVG 
and CTG (ITT population) at weeks 12 or 24 (online supplemental 
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e-tables 3 and 4). In the PP population, there were IVG versus CTG 
differences at week 12 for VR-12 (physical and mental components), 
PAM-13 and HADS (total score and depression), and at week 24 
for PAM-13 and HADS anxiety (online supplemental e-table 3), 
although the group differences were not statistically significant 
when expressed as change from baseline (table 3). There were also 
trends to lower healthcare utilisation in the IVG than the CTG, 
although again with no statistically significant differences (online 
supplemental e-table 5). From baseline to 12 weeks, 25.7% of IVG 
and 30.4% of CTG reported regular participation in outpatient exer-
cise programmes or physiotherapy. On average, 40.4% of patients in 
the IVG used the app adherently, with consistent use of the physical 
exercise module for the duration of follow-up (online supplemental 
e-figure 2 and e-table 6).

Exploratory outcomes
At baseline, the proportion of patients having at least one exacer-
bation in the previous 12 months in the IVG (36.8%, n=50) was 
similar to the CTG (31.6%, n=45) (p=0.4). During the 24-week 
study period, fewer patients in the IVG experienced an exacerbation 
than the CTG (ITT: 20.5% vs 30.2%, p=0.086; PP: 26.1% vs 32.0%, 
p=0.582). Furthermore, the total number of exacerbations was lower 
in the IVG (ITT: 34 vs 52; PP: 16 vs 48) (figure 4).

Application adherence and satisfaction
During the first 12 weeks, 46 patients (40.4%) were adherent app 
users. Of these, the majority (n=31, 72.1%) remained adherent 
throughout the follow-up period. Patient satisfaction with the app 

was very high. In the ITT population, at week 12, 93.6% of patients 
in the IVG indicated they would recommend the app to another 
patient (at week 24 follow-up: 94.1%). Furthermore, at week 12, 
93.6% of patients were satisfied or very satisfied with the app (at 
week 24: 94.0%).

Adverse events
During the intervention period, 56 patients (41.2%) reported an 
adverse event in the IVG, compared with 58 (40.8%) in the CTG, 
with no difference between groups (p>0.9; online supplemental 
e-table 7). Over the subsequent follow-up period, a further 38 
(27.9%) and 31 (21.8%) patients, respectively, reported an adverse 
event (p=0.2). None of these adverse events were directly related 
to the intervention.

DISCUSSION
In this large, multicentre, RCT, there were improvements from base-
line in the co-primary endpoints of CAT and 1MSTST in both the 
IVG and CTG over both the 12-week main study period and the 
subsequent follow-up, with between-group differences not statisti-
cally significant. Similarly, between-group differences in the secon-
dary endpoints were not statistically significant. However, in the 
PP population (which excluded patients from the IVG who were 
not adherent to the app), improvements from baseline during the 
12-week intervention period were consistently numerically greater 
in the IVG than the CTG. Furthermore, in a subgroup analysis of 
the IVG, there was a significantly greater improvement in 1MSTST 
in favour of adherent app users compared with non-adherent app 
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users, with an improvement of two repetitions (p=0.006). Adherent 
app users in the IVG (ie, the PP population) also needed numeri-
cally fewer healthcare resources and had fewer exacerbations than 
the CTG. Importantly, adherence to app usage over 12 weeks in the 
ITT population was 40%, substantially higher than the 22% adhe-
rence in a previous mobile PR app study.18

The lack of statistically significant differences between groups for 
the co-primary endpoints needs to be considered in the context of 
the CTG receiving ‘enhanced standard of care’. The conventional 
standard of care in a PR study typically results in either no impro-
vement or a deterioration in CAT or 1MSTST.19 20 In the present 
study, the CTG received phone calls with encouragement to exer-
cise every 2 weeks. Such phone calls from healthcare professio-
nals can significantly increase daily training duration in patients 
with COPD.21 Furthermore, the CTG was provided the ‘Living 
Well with COPD’ booklet,13 which has been shown to enhance the 
quality of life, reduce exacerbation rates and healthcare usage, and 
increase the 1MSTST by three repetitions.22 23 These interventions 
presumably benefitted the CTG, limiting the potential for further 
improvement in the IVG. A previous RCT in 166 participants with 
moderate-to-very severe COPD investigated a monitoring and self-
management app called EDGE.24 This study also found no difference 
in COPD-specific health outcomes over 12 months compared with 
an ‘enhanced standard of care’ (who received the same information 
on leaflets, but without digital monitoring).

In general, only a few mobile exercise or PR applications have 
been investigated in COPD. In an observational trial, Yonchuk et 
al concluded that their application (Respercise) could be easily 
deployed, and improved the 5-repetition sit-to-stand test by 2.2 
s after 13 weeks.25 However, that application primarily focuses on 
daily step goals, and includes a limited selection of four strength 
training exercises. myCOPD, applicationroved by the UK National 
Health Service, is designed to aid individuals with COPD by 

providing education, self-monitoring and self-management func-
tions. In an RCT involving 60 patients with mild-to-moderate 
COPD, CAT total score improved by −1.27 points (p=0.44) after 
12 weeks in application users compared with usual care.18 Further-
more, the mobile PR application efil breath was evaluated in a 
Korean RCT that included physical activity monitoring, exercise 
training and education in patients with COPD.26 A total of 85 
participants were randomly assigned to either application-based 
PR or usual care. Application-based PR resulted in a non-signi-
ficant improvement from the baseline of −2.7 points in the CAT 
total score over 12 weeks. The CAT improvements in both of these 
studies are considerably smaller than the change from baseline in 
the IVG in the current study (−4 points).

Application-based coaching interventions can increase physical 
activity levels in patients with COPD.27 The application used in the 
current study has also been evaluated as a PR maintenance interven-
tion in COPD28; combined with a physical activity tracker, activity 
levels were preserved and disease burden was reduced compared 
with the control group 6 months after a comprehensive 3-week 
inpatient PR. In the current study, the focus of the intervention 
has shifted to examining the effects of the application’s content—
exercise, education and breathing exercises—on improving exer-
cise capacity and quality of life, without including physical activity 
monitoring or counselling. 

While fully automated apps and video-based interventions offer 
advantages in terms of accessibility, consistency, staff burden and 
cost-effectiveness, videoconference-based interventions provide 
human interaction, individualised guidance and flexibility. Achie-
ving the best possible outcome may require a combination of both, 
striking a balance between automated services and the human touch. 
Importantly, digital PR apps that either complement or replace some 
aspects of usual care offer an opportunity for more convenient, cost-
effective care.29
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The study has some limitations. First, due to the nature of the 
intervention patients were not blinded. Second, COPD maintenance 
therapy during the study was not restricted. Third, as discussed 
above, the CTG received ‘enhanced standard of care’ differing from 
typical daily care. Fourth, the app-based exercise programme did 
not include an aerobic training component, which may have dimi-
nished the greater benefits of the app. Finally, the study excluded 
patients with very severe COPD who may require greater supervi-
sion due to their disease severity. As strengths, the current study is 
noteworthy for its robust design, multisite nature and recruitment 
of the largest sample size thus far studied for a digital PR app. In 
addition, several clinical outcomes highly relevant to COPD mana-
gement were assessed. 

Conclusions
This RCT did not show statistically significant differences in the 
primary outcome between the app-using group and the enhanced 
standard of care group. However, some benefits were observed in 
adherent app users, including an improvement in exercise capa-
city compared with non-adherent users, and no safety issues were 
identified with app use. These findings suggest that the Kaia COPD 
app may offer a benefit in the management of COPD. However, we 
recommend further studies to substantiate these observations and 
to examine the role of the app compared with conventional usual 
care.

Acknowledgements We would like to acknowledge all the physicians, practice staff and patients that took part in 
this study. Furthermore, we would like to thank the investigators responsible for recruiting patient: Dr Margret Jandl 
(Hamburg Institute for Therapy Research, Hamburg, Germany), Dr Henrik Watz (Pulmonary Research Institute at the 
LungenClinic Grosshansdorf, Germany), Dr Andrea Ludwig-Sengpiel (KLB Gesundheitsforschung Lübeck, Germany), 
Professor Dr Timm Greulich (PneumoPraxis Marburg, Marburg, Germany), Dr Matthias Krüll (Institute for Allergy 
and Asthma Research, Berlin, Germany), Dr Thomas Schultz (MECS Research, Berlin, Germany), Dr Sabine Lampert 
(Lunge im Zentrum, Erlangen, Germany), Professor Dr Gernot Rohde (University Hospital Frankfurt, Germany), Dr 
Katrin Gade (KFGN – Klinische Forschung Hannover, Germany), Dr Heiner Steffen (Asklepios MVZ Bayern, Lands-
berg, Germany), Professor Dr Frederik Trinkmann (University Hospital Thoraxklinik Heidelberg, Germany), Dr Julia 
Chevts (KFGN – Klinische Forschung Karlsruhe, Germany), Dr Maren Schumann (Praxis Dr med Schuhmann and Dr 
med Kasper, Konstanz, Germany), Cindy von Münchhausen (KFGN – Klinische Forschung Berlin, Germany) and Pro-
fessor Dr Jürgen Hetzel (Klinik für Pneumologie Kantonsspital, Winterthur, Switzerland). We also thank the external 
clinical research associates for study monitoring: Dimitrij Kucherov, Tandogan Yerguler, Dr Jeroen Neijs, Dr Christoph 
Bachmeyer and Kirsten McIntire. Furthermore, we thank the external data manager Roman Bystrov (AnRes Clinical, 
Vejle, Denmark) and the following physicians for medically monitoring the study: Dr Stephan Huber, Dr Jonas Björk-
lund, Dr Martin Bonitz and Dr Annemie Narkus. We thank David Young for language and scientific proofreading. Last 
but not least, we would like to thank the German Airway League for allowing us to include their educational videos 
on correct inhaler use in the Kaia COPD app.
Contributors The study was designed, and set up by RG, AS, MS, AP, BU, CFV and ARK. RG, DK, IJ, TS and ARK 
were responsible for recruiting participants and conducting study assessments at study centre number two. BU was 
responsible for data analysis. All authors had access to the data, were responsible for writing the manuscript and 
approved the submitted version of the manuscript. As the guarantor (RG) accepts full responsibility for the finished 
work. Funding The study’s funder (Kaia Health Software) was involved in developing the study design and reviewing 

the manuscript (no award/grant number available). However, data monitoring and data analysis were performed 
by independent study research associates and a statistician. This separation of roles was implemented to maintain 
objectivity, transparency and scientific integrity throughout the research process.
Competing interests RG has received speaker fees from AstraZeneca, Chiesi and GlaxoSmithKline and has at-
tended advisory boards from AstraZeneca and Chiesi. MS has nothing to disclose. AS and AP are employees of Kaia 
Health Software (Munich, Germany) and hold a Virtual Options Program from Kaia Health Software. DK has nothing 
to disclose. IJ has received speakers fee from CSL Behring. TS has nothing to disclose. BU received payment from Kaia 
Health Software for statistical analysis of this manuscript. CFV has received institutional grants from the German 
Ministry of Education and Science (BMBF), AstraZeneca, Boehringer Ingelheim, Chiesi, CSL Behring, GlaxoSmithK-
line, Grifols and Novartis. Consulting fees from Aerogen, AstraZeneca, Boehringer Ingelheim, CSL Behring, Chiesi, 
GlaxoSmithKline, Insmed, Menarini, Novartis, Nuvaira, Sanofi. Speakers fees from Aerogen, AstraZeneca, Boehringer 
Ingelheim, CSL Behring, Chiesi, GlaxoSmithKline, Insmed, Menarini, Novartis, Nuvaira and Sanofi. ARK has received 
institutional grants from the Bavarian Ministry of Health. Consulting fees from AstraZeneca, Boehringer Ingelheim, 
CSL Behring, Chiesi, GlaxoSmithKline, Menarini, Pfizer, PulmonX, and Sanofi. Speakers fees from AstraZeneca, Boe-
hringer Ingelheim, CSL Behring, Chiesi, GlaxoSmithKline, Menarini and Sanofi.
Patient consent for publication Not applicable.
Ethics approval This study involves human participants and has been approved by, For Germany: Ethics Com-
mittee of the Philipps-University of Marburg, Germany (ID: 32/21) and, For Switzerland: Ethics Committee of the 
Canton of Zürich, Switzerland (ID: 2021-00691). Participants gave informed consent to participate in the study 
before taking part.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request. De-identified individual participant 
data and a data dictionary defining each field in the set can be made available to others on approval of a written 
request to the corresponding author. The request will be evaluated by a committee formed by a subset of coauthors 
to determine the research value. A data-sharing agreement will be needed. The full study protocol will be available 
on request from the study author.
Supplemental material This content has been supplied by the author(s). It has not been vetted by BMJ Publishing 
Group Limited (BMJ) and may not have been peer-reviewed.
Any opinions or recommendations discussed are solely those of the author(s) and are not endorsed by BMJ. BMJ dis-
claims all liability and responsibility arising from any reliance placed on the content. Where the content includes any 
translated material, BMJ does not warrant the accuracy and reliability of the translations (including but not limited to 
local regulations, clinical guidelines, terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the Creative Commons Attribution 
Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work 
non-commercially, and license their derivative works on different terms, provided the original work is properly cited, 
appropriate credit is given, any changes made indicated, and the use is non-commercial.
See: http://creativecommons.org/licenses/by-nc/4.0/.
ORCID iD
Rainer Gloeckl http://orcid.org/0000-0002-2741-2748

REFERENCES
1.	 Spruit MA, Singh SJ, Garvey C, et al. An official American Thoracic Society/European Respiratory 

Society statement: key concepts and advances in pulmonary rehabilitation. Am J Respir Crit Care 
Med 2013;188:e13–64.

2.	 McCarthy B, Casey D, Devane D, et al. Pulmonary rehabilitation for chronic obstructive pulmonary 
disease. Cochrane Database Syst Rev 2015;2015:CD003793.

3.	 Rochester CL, Vogiatzis I, Holland AE, et al. An Official American Thoracic Society/ European 
Respiratory Society Policy Statement: Enhancing Implementation, Use, and Delivery of Pulmonary 
Rehabilitation. Am J Respir Crit Care Med 2015;192:1373–86.

4.	 Morgan M. Expanding pulmonary rehabilitation capacity. One size won’t fit all. Thorax 2017;72:4–5.
5.	 Hug S, Cavalheri V, Gucciardi DF, et al. An Evaluation of Factors That Influence Referral to 

Pulmonary Rehabilitation Programs Among People With COPD. Chest 2022;162:82–91.
6.	 Desveaux L, Janaudis-Ferreira T, Goldstein R, et al. An international comparison of pulmonary 

rehabilitation: a systematic review. COPD 2015;12:144–53.
7.	 Holland AE, Cox NS, Houchen-Wolloff L, et al. Defining Modern Pulmonary Rehabilitation. An 

Official American Thoracic Society Workshop Report. Ann Am Thorac Soc 2021;18:e12–29.
8.	 Blandford A, Wesson J, Amalberti R, et al. Opportunities and challenges for telehealth within, and 

beyond, a pandemic. Lancet Glob Health 2020;8:e1364–5. 
9.	 Bhatt SP, Patel SB, Anderson EM, et al. Video Telehealth Pulmonary Rehabilitation Intervention in Chronic 

Obstructive Pulmonary Disease Reduces 30-Day Readmissions. Am J Respir Crit Care Med 2019;200:511–3.



Reabilitação

188 Gloeckl R, et al. Thorax 2025;80:209–217. doi:10.1136/thorax-2024-221803

10.	 Hansen H, Bieler T, Beyer N, et al. Supervised pulmonary tele-rehabilitation versus pulmonary 
rehabilitation in severe COPD: a randomised multicentre trial. Thorax 2020;75:413–21.

11.	 Zanaboni P, Dinesen B, Hoaas H, et al. Long-term Telerehabilitation or Unsupervised Training at 
Home for Patients with Chronic Obstructive Pulmonary Disease: A Randomized Controlled Trial. 
Am J Respir Crit Care Med 2023;207:865–75.

12.	 Cox NS, Dal Corso S, Hansen H, et al. Telerehabilitation for chronic respiratory disease. Cochrane 
Database Syst Rev 2021;1:CD013040.

13.	 Sedeno MF, Nault D, Hamd DH, et al. A self-management education program including an action 
plan for acute COPD exacerbations. COPD 2009;6:352–8.

14.	 Ozsoy I, Kodak MI, Kararti C, et al. Intra- and Inter-Rater Reproducibility of the Face-to- Face 
and Tele-Assessment of Timed-up and Go and 5-Times Sit-to-Stand Tests in Patients with Chronic 
Obstructive Pulmonary Disease. COPD 2022;19:125–32.

15.	 Global initiative for chronic obstructive lung disease on 2022 global strategy for prevention, diag-
nosis and management of copd. 2022. Available: www.goldcopd.org

16.	 Kon SSC, Canavan JL, Jones SE, et al. Minimum clinically important difference for the COPD 
Assessment Test: a prospective analysis. Lancet Respir Med 2014;2:195–203.

17.	 Crook S, Büsching G, Schultz K, et al. A multicentre validation of the 1-min sit-to-stand test in 
patients with COPD. Eur Respir J 2017;49:1601871.

18.	 Crooks MG, Elkes J, Storrar W, et al. Evidence generation for the clinical impact of myCOPD in 
patients with mild, moderate and newly diagnosed COPD: a randomised controlled trial. ERJ Open 
Res 2020;6:00460-2020.

19.	 Frei A, Radtke T, Dalla Lana K, et al. Effectiveness of a Long-term Home-Based Exercise Training 
Program in Patients With COPD After Pulmonary Rehabilitation: A Multicenter Randomized 
Controlled Trial. Chest 2022;162:1277–86.

20.	 Kim C, Choi H-E, Rhee CK, et al. Efficacy of Digital Therapeutics for Pulmonary Rehabilitation: A 
Multi-Center, Randomized Controlled Trial. Life (Basel) 2024;14:469.

21.	 Franke K-J, Domanski U, Schroeder M, et al. Telemonitoring of home exercise cycle training in 
patients with COPD. Int J Chron Obstruct Pulmon Dis 2016;11:2821–9.

22.	 Steurer-Stey C, Dalla Lana K, Braun J, et al. Effects of the “Living well with COPD” intervention in 
primary care: a comparative study. Eur Respir J 2018;51:1701375.

23.	 Strassmann A, Guler M, Steurer-Stey C, et al. Nationwide implementation of the self-management 
program “Living well with COPD”: Process and effectiveness evaluation using a mixed-methods 
approach. Pat Educ Couns 2022;105:670–8.

24.	 Farmer A, Williams V, Velardo C, et al. Self-Management Support Using a Digital Health System 
Compared With Usual Care for Chronic Obstructive Pulmonary Disease: Randomized Controlled 
Trial. J Med Internet Res 2017;19:e144.

25.	 Yonchuk JG, Mohan D, LeBrasseur NK, et al. Development of Respercise® a Digital Application for 
Standardizing Home Exercise in COPD Clinical Trials. Chronic Obstr Pulm Dis 2021;8:269–76.

26.	 Kwon H, Lee S, Jung EJ, et al. An mHealth Management Platform for Patients with Chronic Obstructive 
Pulmonary Disease (efil breath): Randomized Controlled Trial. JMIR Mhealth Uhealth 2018;6:e10502.

27.	 Demeyer H, Louvaris Z, Frei A, et al. Physical activity is increased by a 12-week semiautomated telecoaching 
programme in patients with COPD: a multicentre randomised controlled trial. Thorax 2017;72:415–23.

28.	 Spielmanns M, Gloeckl R, Jarosch I, et al. Using a smartphone application maintains physical activity 
following pulmonary rehabilitation in patients with COPD: a randomised controlled trial. Thorax 
2023;78:442–50.

29.	 Chung C, Lee JW, Lee SW, et al. Clinical Efficacy of Mobile App-Based, Self-Directed Pulmonary 
Rehabilitation for Patients With Chronic Obstructive Pulmonary Disease: Systematic Review and 
Meta-Analysis. JMIR Mhealth Uhealth 2024;12:e41753.



Reabilitação

189 Machado A, et al. Thorax 2025;80:218–226. doi:10.1136/thorax-2024-221760

RESUMO
Contexto: Existe incerteza sobre os efeitos benéficos da 
reabilitação pulmonar (RP) durante agudizações da doença 
pulmonar obstrutiva crónica (DPOC). Este estudo explorou 
os efeitos de curto prazo e o impacto autorrelatado de um 
programa de RP domiciliar para pessoas com agudizações 
da DPOC geridas em regime ambulatorial.
Métodos Foi realizado um ensaio clínico randomizado de 
métodos mistos em pessoas com agudizações da DPOC 
geridas em regime ambulatorial. Os participantes foram 
aleatoriamente atribuídos ao grupo de controlo (GC, ou 
seja, cuidados habituais) ou ao grupo experimental (GE, 
ou seja, cuidados habituais e RP domiciliar de 3 semanas) 
dentro de 48 horas após o diagnóstico (linha de base). 
As avaliações foram realizadas na linha de base e após 3 
semanas (pós-intervenção). O teste de avaliação da DPOC 
(CAT) foi o desfecho primário. Os desfechos secundários 
incluíram medidas de sintomas e capacidade funcional. 
Após a RP, foram realizadas entrevistas. As análises foram 
conduzidas utilizando análise de variância mista (não) 
paramétrica, análise temática dedutiva e integração nar-
rativa através de exibições conjuntas.
Resultados Foram incluídos 50 participantes com agu-
dizações da DPOC geridas em regime ambulatorial (78% 
homens, 70±11 anos, volume expiratório forçado no pri-
meiro segundo 47,4±16,4% previsto). Foram observadas 
melhorias significativamente maiores no GE em com-
paração com o GC para o CAT (GE Δ−12,5±7,2 vs GC 
Δ−5,9±7,2, p=0,002) e 12 de 13 outros desfechos secun-
dários. Foi identificado um impacto positivo autorrelatado 
da RP nos sintomas, controlo da vida diária, saúde, estado 
mental e autonomia. Nenhum evento adverso foi relatado.
Conclusões Um programa de RP domiciliar de 3 sema-
nas é seguro, significativo e mais eficaz do que apenas a 
medicação padrão na melhoria dos sintomas, capacidade 
funcional e estado de saúde, desfechos frequentemente 
associados a um mau prognóstico. Isso destaca o papel da 
RP na melhoria do processo de recuperação durante agudi-
zações da DPOC geridas em regime ambulatorial, podendo 
contribuir para um melhor prognóstico nesses indivíduos.
Registo do ensaio clínico: NCT03751670.

INTRODUCTION
The clinical trajectory of chronic obstructive pul-
monary disease (COPD) is frequently punctuated 
by exacerbations (ECOPD), which are defined as 
events characterised by increased dyspnoea and/or 
cough and sputum that worsens over less than 14 
days, and can be managed in an inpatient (severe 
ECOPD) or outpatient (mild to moderate ECOPD) 
setting.1 These events have a negative impact on 
health status and disease progression, leading to 
worsening of symptoms, accelerated lung func-
tion decline, impaired muscle strength, exercise 
performance, physical activity levels and quality of 
life, which often do not fully recover.1 2 Moreover, 
ECOPD increase individuals’ susceptibility for fur-

ther exacerbations, other acute events, hospitalisa-
tions and death.1 The goals of treatment for ECOPD 
are, therefore, to minimise the negative impact of 
these events and prevent their recurrence.1

Pulmonary rehabilitation (PR) is a cornerstone 
intervention for the management of people with 
stable COPD, which has shown to (1) improve exer- 
cise capacity, muscle strength and health-related 
quality of life, (2) reduce symptoms, hospitalisa-
tions and unscheduled healthcare visits, and (3) en-

►► Additional supplemental 
material is published 
online only. To view, please 
visit the journal online 
(https:// doi.org/10.1136/
thorax-2024-221760). 
 
1Lab3R - Respiratory 
Rehabilitation and Research 
Laboratory, School of Health 
Sciences, University of Aveiro, 
Aveiro, Portugal 
2iBiMED - Institute of 
Biomedicine, Department of 
Medical Sciences, University 
of Aveiro, Aveiro, Portugal 
3Rehabilitation Research 
Center (REVAL), Faculty of 
Rehabilitation Sciences, 
Hasselt University, 
Diepenbeek, Belgium 
4Department of Medical 
Sciences, University of Aveiro, 
Aveiro, Portugal 
5Biomedical Research 
Institute (BIOMED), Hasselt 
University, Diepenbeek, 
Belgium 
6Emergency Department, 
Centro Hospitalar 
Universitário de Santo 
António, Porto, Portugal

Correspondence to  
Dr Alda Marques; amarques@ 
ua.pt

Received 5 April 2024 
Accepted 15 November 2024 
Published Online First 16 
December 2024

ARTIGO ORIGINAL 

Efeitos de curto prazo da reabilitação pulmonar 
domiciliar durante agudizações da DPOC geri-
das em regime ambulatorial: um ensaio clínico 
randomizado
Ana Machado,1,2,3,4,5 Cíntia Dias,1,2 Cátia Paixão,1,2,4 António Pedro Gonçalves,6 Chris Burtin,3,5 Alda 
Marques1,2

To cite: Machado A, Dias C,
Paixão C, et al. Thorax
2025;80:218–226.

© 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

uPulmonary rehabilitation (PR) is a cor-
nerstone intervention for the mana-
gement of people with stable chronic 
obstructive pulmonary disease (COPD) 
(evidence level A) and has beneficial 
effects in patients following hospitalisa-
tion for exacerbation of COPD (ECOPD) 
(evidence level B).

WHAT THIS STUDY ADDS
uA 3-week home-based PR programme 

delivered concurrently with pharmaco-
therapy for people undergoing outpatient 
management of ECOPD (ie, ECOPD that 
do not require hospitalisation, represen-
ting more than 80% of all ECOPD) is safe, 
more effective than just pharmacological 
treatment, and results in positive short-
term effects and self-perceived impact 
on symptoms, physical activity, activities 
of daily living, functional capacity and 
health status.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uThis is the first randomised controlled trial 
exploring the role of PR delivered concur-
rently with pharmacotherapy for people 
with outpatient-managed ECOPD. Our 
study provides a significant contribution 
for healthcare professionals to improve 
the care of people with outpatient-mana-
ged ECOPD, with a safe and patient-mea-
ningful intervention. The PR programme 
implemented in this study can be transla-
ted readily into clinical practice.
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hance self-management and self-efficacy.1 3 These are common and 
persistent treatable traits presented by people with ECOPD, hence, 
given the benefits of PR in these traits, it seems logical to also con-
sider PR as a management strategy for ECOPD. In fact, the current 
Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
guideline shows an evidence level B for PR after hospitalisation for
ECOPD;1 however, studies focused on people with ECOPD who 
do not need hospital admission are lacking.4 These outpatient-
managed ECOPD represent more than 80% of all exacerbations 
and have a huge negative impact on people’s lives; yet, they are 
treated with pharmacotherapy alone.1 5 Our previous pilot study 
showed promising results of PR in the management of people with 
outpatient-managed ECOPD on symptoms, vital signs, quadriceps 
muscle strength and impact of the disease,6 but randomised con-
trolled trials with larger samples are warranted.

This study explored the short-term effects and self-reported im-
pact of a home-based PR programme among people with outpa-
tient-managed ECOPD. We hypothesise that by adding PR to the 
current usual care (pharmacotherapy) for people with outpatient-
managed ECOPD, we will improve symptoms and impact of the 
disease, preserve or enhance functional status and have a positive 
self-perceived impact.

MATERIAL AND METHODS
Study design and ethics
A randomised controlled trial (NCT03751670) with a convergent 
mixed-methods design (QUAN+QUAL) was conducted among 
people with outpatient-managed ECOPD between October 2019 
and February 2023. Participants were randomly assigned to the 
control (CG, ie, usual care) or experimental (EG, ie, usual care plus 
PR) groups during the initial visit, prior to the collection of any 
baseline measures, in an 1:1 ratio, using sealed opaque envelopes. 
These envelopes were prepared before starting the recruitment 
process by using a web-based sequence generator (https://www.
graphpad.com/quickcalcs/randomize1.cfm). The nature of the 
intervention and limited staff precluded blinding of participants, 
treating physiotherapists and assessors.

Approval for this study was obtained from the ethical com-
mittees of Centro Hospitalar do Baixo Vouga (15.23.2020), 
Centro Hospitalar Universitário de Santo António (2020.023: 
018-DEFI/ 019-CE), Centro Hospitalar Vila Nova de Gaia/ Es-
pinho (127/2019–1), Unidade Local de Saúde de Matosinhos 
(73/CE/JAS) and Unidade Investigação em Ciências da Saúde: 
Enfermagem (P618-10/ 2019). All participants provided writ-
ten informed consent before any data collection. This study is 
reported according to the consolidated standards of reporting 
trials (CONSORT), consolidated criteria for reporting qualita-
tive research (COREQ) and good reporting of a mixed methods 
study (GRAMMS) guidelines.7–9

Participants
People with outpatient-managed ECOPD were consecutively re-
cruited, via their treating physicians, from the Pulmonology and 
Emergency departments of hospitals in the North and Centre re-
gions of Portugal (more details in the online supplemental mate-
rial). The inclusion criteria were: (1) previous diagnosis of COPD 
according to the GOLD criteria (confirmed by spirometry)1; (2) 
current diagnosis of ECOPD, defined as an acute worsening of res-
piratory symptoms that resulted in additional therapy (ie, any es-
calation of the COPD treatment, such as, intensification or change 
of the bronchodilator regime, antibiotics, oral corticosteroids)10; 
(3) included within 48 hours of the ECOPD diagnosis; and (4) able 
to provide informed consent. Exclusion criteria included: (1) need 
for hospitalisation to manage the current ECOPD; (2) history of an 
acute cardiac or respiratory condition in the previous month; (3) 
unstable cardiovascular disease; (4) presence of musculoskeletal or 
neuromuscular impairments that precluded the ability to perform 
the assessments or intervention; (5) signs of cognitive impairment; 
(6) current neoplasia; and (7) any therapeutical intervention in ad-
dition to usual care.

Interventions
The usual care intervention consisted of conventional medical 
treatment (ie, pharmacotherapy and medical advice). The home-
based PR programme was delivered in fully supervised sessions, 
on an 1:1 basis, and consisted of two sessions per week (approxi-
mately 60 min/session), for 3 weeks, composed of exercise train-
ing, breathing control and retraining, airway clearance techniques, 
education and psychosocial support.4 6 Exercise training included 
step training and strength training focused on the upper limbs, 
lower limbs and trunk, performed with free weights or individuals’ 
own bodyweight, either in a sitting or standing position, depen-
ding on their condition. Education and psychosocial support was 
delivered in every session through talks/coaching, flyers and the 
demonstration of practical strategies. Sessions were delivered by 
physiotherapists with experience in respiratory interventions (AM 
or CD) following a standard protocol, which is described in detail 
in the online supplemental material according to the Consensus 
on Exercise Reporting Template (CERT) guidelines.11 A multidis-
ciplinary team composed by physicians, nurses, social workers, 
psychologists and nutritionists was available to provide additional 
support, according to participants’ needs, and contributed to the 
education and psychosocial support component of this interven-
tion. Patients in both groups received a verbal general encourage-
ment to be physically active.

Data collection
Participants were assessed at home, by trained physiotherapists 
(AM or CD), within 48 hours of the diagnosis of ECOPD (base-
line) and 3 weeks after (post).

Sociodemographic (age, sex), anthropometric (height and 
weight to compute body mass index (BMI)) and general clinical 
data (smoking habits, self-reported number of exacerbations and 
hospitalisations in the past year, medication and comorbidities 
(self-reported and from medical records), use of long-term oxygen 
therapy and non-invasive ventilation) were collected. The severity 
of comorbid diseases was recorded and scored according to the 
Charlson comorbidity index (CCI).12 The most recent lung func-
tion assessment and GOLD classification (ie, grade and group)1 
were retrieved from the medical file. At post assessment, the 
number of self-reported ECOPD-related unscheduled healthcare 
visits during the 3-week study time were retrieved.

The primary outcome was the impact of the disease assessed 
with the COPD assessment test (CAT). This outcome measure 
presents robust measurement properties during ECOPD and is 
recommended by the GOLD.1 The CAT total score ranges from 0 
to 40, with higher scores indicating higher impact. Minimal clini-
cal important differences (MCID) of 2–3 points for hospitalisation 
due to ECOPD and 3 weeks PR have been reported.13

Secondary patient-reported outcome measures included the 
brief physical activity assessment tool for physical activity level,14 
the modified Medical Research Council dyspnoea questionnaire 
for activity-related dyspnoea,1 the London chest activity of daily 
living for dyspnoea during activities of daily living,15 the cough 
and sputum assessment questionnaire (CASA-Q) for symptoms of 
cough and sputum and their impact,16 and the functional assess-
ment of chronic illness therapy–fatigue and checklist individual 
strength–fatigue (eight items) for symptoms of fatigue.17

Secondary outcomes related to functional capacity were hand-
grip strength measured on the dominant side with a hand dy-
namometer (Jamar 12–0241 Lite, Fabrication Enterprises, White 
Plains, New York),18 biceps and quadriceps isometric muscle 
strength measured on the dominant side with a handheld dy-
namometer (microFET2, Hoggan Health, The best Salt Lake City, 
Utah),19 the short physical performance battery (ie, standing ba-
lance, 4 m gait speed, 5-repetitions sit-to-stand test),20 the 1 min 
sit-to-stand test (1-minSTS)21 and the Chester step test (CST).22

At the postassessment, short, semistructured, individual face-
to-face interviews were conducted with the EG aiming to explore 
their perspectives and self-reported impact of the PR programme. 
A semistructured interview guide with open-ended questions (see 
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online supplemental material) was developed informed by the 
literature, previous experience of the team and an experienced 
qualitative researcher. It was used to ensure that the topics under 
investigation were covered in a consistent manner but allowing 
flexibility. Interviews were audio recorded (Olympus digital voice 
recorder WS-750m) and transcribed verbatim. All interviews were 
anonymised by assigning pseudonyms to participants. Details on 
research team and reflexivity, and on rigour and trustworthiness, 
are provided in online supplemental file.

Data analysis
A sample size calculation was performed based on the estimated 
partial η2 for the mixed analysis of variance (ANOVA) of the pri-
mary outcome (CAT) obtained in a previous pilot study.6 Assu-
ming a 30%–35% dropout rate,23 it was estimated that 50 patients 

with outpatient-managed ECOPD would be needed to detect a 
moderate effect (f=0.30)6 with 80% power, at the 5% significance 
level.

The quantitative data were analysed per protocol since only two 
dropouts (CG) occurred (less than 10% missing data). Descrip-
tive statistics were used to describe the sample and the normality 
of data was explored with the Kolmogorov-Smirnoff test. Com-
parisons within (ie, baseline vs post) and between groups and 
group×time interaction were explored with parametric and non-
parametric mixed ANOVAs, accordingly. Group×time interac-
tions were further explored using analysis of covariance (ANCO-
VA) to control for age, sex, BMI, smoking status and comorbidities 
(CCI total score). Statistical analyses were performed using IBM 
SPSS Statistics V.28.0 (IBM Corporation, Armonk, New York) and 
RStudio V.2022.12.0 (Posit PBC, Boston, Massachusetts). The level 
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of significance was set at 0.05. Data are presented as mean±SD, 
mean (95% CI), median (IQR) or number (percentage).

Qualitative data were analysed using deductive thematic ana-
lysis since there were preconceived themes expected to be found 
(ie, impact of the PR programme, opinions regarding the PR pro-
gramme), which the research team wished to investigate while still 
maintaining flexibility to allow for generation of new themes.24 The 
six-step procedure of Braun and Clarke was followed.24 First, two 
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researchers (AM and CP) familiarised themselves with the data by 
reading and rereading the transcriptions before starting the coding 
process; independently organised units of text under each code, 
creating additional codes if new issues were identified and orga-
nised the codes in themes and subthemes by combining the codes 
with similar or related ideas. Then, the research team reviewed the 
data coded under each theme/subtheme, contributed to the ap-
propriate naming and definition of the themes and produced the 
report. The initial themes and subthemes found independently 
were compared between researchers (AM and CP) and, in case 
of disagreement, consensus was reached by discussion. Analysis 
of the transcripts was conducted using the Web Qualitative Data 
Analysis (WebQDA, Oliveira de Azeméis, Portugal) software. Rep-
resentative quotes were included to support the interpretation of 
the identified themes and subthemes.

Quantitative and qualitative data were first analysed separately, 
in a parallel process, and afterwards merged for integration of both 
methods in the final interpretation of the results, using a narra-
tive integration with contiguous approach and integration through 
joint displays.

RESULTS
One-hundred and seventy-six people were referred for participa-
tion in the study. From these, 67 were randomised to either the EG 
or the CG and 50 participants with outpatient-managed ECOPD 
(78% men, 70±11 years, forced expiratory volume in one second 
47.4±16.4% pred) were included in the analysis (figure 1). An inac-
curate or unconfirmed diagnosis of COPD or ECOPD was found 
in 36 of the referred individuals.

Participants’ baseline characteristics are summarised in tables 
1 and 2. They all experienced a moderate ECOPD, according to 
GOLD classification.1 Twenty-two participants in the EG com-
pleted the full PR programme (ie, 6/6 sessions, 100% adherence), 
1 completed 5/6 sessions and 1 completed 4/6 sessions. No adverse 
events were reported. One participant in the EG did not perform 
the interview due to hearing difficulties.

Significantly greater improvements were found in the EG 
compared with the CG for the CAT (EG Δ −12.5 (−15.4; −9.5) 
vs CG Δ −5.8 (−8.7; −3), p=0.002) and all secondary outcome 
measures, besides the CASA-Q sputum scores and the 1-min-
STS (table 3). After correcting the analysis for age, sex, BMI, 
smoking status and CCI total score, all differences remained 
significant (p<0.05) except for the CASA-Q scores, 1-minSTS 
%predicted and CST.

At postassessment, the EG presented significant improvements 
in all outcome measures, while the CG only improved on the CAT, 
CASA-Q and CST. During the study period, a smaller number of 
ECOPD-related unscheduled healthcare visits were observed in 
the EG (0 (0; 0)) compared with the CG (0 (0; 2)) (p=0.025).

From the qualitative interviews, three main themes were identi-
fied: impact of the PR programme, thoughts about the PR pro-
gramme, and (lack of) motivation to continue the PR programme 
(table 4). The full list of themes, subthemes and interview quota-
tions are found in online supplemental material. 

Participants described an overall positive impact of the PR pro-
gramme, with a specific positive impact on symptoms, control of 
daily life, health, mental status and empowerment:

	 I am more stable regarding my problems of breathing, short-
ness of breath, everything. I felt a difference in my symptoms 
for better, for better. For what I could not do, God forbid!

Feedback on the design and setting of the programme, the ex-
ercises and support materials used and the support received from 
healthcare professionals was also positive. Although most partici-
pants valued the home-based setting, one participant would ap-
preciate a setting with more equipment available. Participants also 
mentioned the need for a longer PR programme. No suggestions of 
improvements for the PR programme were given. Education and 
breathing techniques were components highly valued by partici-
pants to support them in regaining control: 

	 The main thing was to know the breathing techniques. If I 
would know that before, I would have done it long ago. There 
was no need of feeling as bad as I was feeling, right. That was a 
really important thing. (…) The breathing was the main thing. 
Now I do it, I do it. And with the acapella also and so. In the 
morning and at night. (…) This was the main thing, to have 
clean lungs.

Conflicting ideas concerning motivation to continue the PR 
programme emerged, with some participants feeling they are able 
to continue the programme alone, while others acknowledged the 
importance of continuing PR but do not feel able to do it by them-
selves: 
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	 It was important to keep doing it to feel the difference in my 
conditioning. To feel the difference in my conditioning, to 
see if I would decide to start moving alone, walk around out-
side. But I am not seeing it happen. (…) I just lack the will. I 
lack the will.

The integration of the quantitative and qualitative results 
through a joint display is shown in figure 2. Findings from both 
types of data are confirmatory of each other, that is, positive short-
term effects of the PR programme on physical activity, symptoms, 
activities of daily living, functional capacity and health status, and 
a positive self-perceived impact in the same domains.

DISCUSSION
This study showed that a 3-week home-based PR programme in 
people with outpatient-managed ECOPD is safe and more effec-
tive than pharmacological treatment alone in reducing impact 
of the disease, improving symptoms, physical activity levels and 
functional capacity and reducing ECOPD-related unscheduled 
healthcare utilisation. Moreover, a positive self-perceived impact 
of PR was found on symptoms, control of daily life, health, men-
tal status and empowerment.

In line with previous literature,2 25 individuals receiving just 
pharmacological treatment presented some recovery, however 
this was limited to the CAT, CASA-Q and CST. It is known that 
ECOPD are heterogeneous events in terms of presentation and 
trajectory of recovery, with different parameters taking different 
times to recover and often persistent impairments being sus-
tained.2 26 27 Hence, pharmacological treatment is likely insuffi-
cient for individuals to achieve (full) recovery.

High impact of the disease measured with the CAT has been 
linked to hospital readmission, ECOPD recurrence and morta-

lity up to 6 months after hospitalisation for ECOPD, hence, poor 
prognosis.28 Moreover, an association between change in the CAT 
score and change in systemic inflammation following ECOPD 
has been shown,29 with low levels of recovery in the CAT (≤4 
points) being associated with treatment failure.30 In this study, 
PR resulted in a good level of improvement in the CAT, which 
was two times superior to the improvement obtained with phar-
macological treatment alone and exceeded the available MCID13 
by four to sixfold. This result emphasises the important role of 
PR in the recovery process of people with outpatient-managed 
ECOPD, potentially contributing to a better prognosis in these 
individuals.

Significant improvements after PR were also found in symp-
toms, physical activity levels and functional capacity, always at 
least twofold greater than the CG. In fact, the 3-week home-
based PR programme led to improvements similar or up to six-
fold superior to the available MCID for 6–12-week PR in stable 
COPD.31–33 These improvements are particularly important due 
to the known relationship between worse symptoms, physical ac-
tivity and functional capacity with higher risk of ECOPD, hospi-
talisations and mortality.34 35 Nevertheless, the short programme 
duration and lack of follow-up assessments hinder the possibility 
of exploring potential long-term effects of PR on these outcomes. 
Phone call follow-ups are being conducted to assess any potential 
role of PR in the prognosis of these individuals.

People with outpatient-managed ECOPD have mentioned 
symptoms as their main concern during ECOPD and, thus, 
symptom relief as one of their main needs.5 Limitations in activi-
ties of daily living and negative psychological, emotional, social 
and physiological impacts have also been reported, along with the 
need to be able to walk.5 By leading to a positive self-perceived 
impact on symptoms, activities of daily living, functional capa- 
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is likely that a true physiological effect contributed to the observed 
improvements. Moreover, similar benefits with short interventions 
have been found in hospitalised patients with ECOPD38 and criti-
cally ill patients with COPD in intensive care.39 Another limitation 
is the lack of blinding of assessors, which may introduce bias to the 
results. Nevertheless, patient-reported outcomes were completed 
by the participants themselves, without direct input from the as-
sessors, and the measures of functional capacity followed stan-
dardised protocols that do not place subjective requirements on 
the assessor. The interviews were mostly conducted by the treat-
ing physiotherapist, which might also introduce bias; however, a 
semistructured interview guide with open-ended questions was 
used to ensure that the topics were covered in a consistent man-
ner, without inducing predefined responses. Our population was 
mostly composed by men which might limit the generalisation of 
our findings to all people with COPD, especially women. Addi-
tionally, our sample includes a low percentage of individuals from 
GOLD grade 4 and on long-term oxygen therapy or non-invasive
ventilation, hence it is uncertain whether the benefits of this short-
term PR programme would be as substantial in individuals with 
more severe disease. Finally, the interviews were conducted in Por-
tuguese, thus, the translation process might have influenced the 
findings, particularly regarding the use of colloquial expressions or 
proverbs. We believe to have minimised this limitation by having 
a bilingual speaker revising the main themes, quotes and conclu-
sions.

Implications for future practice and research
Our study provides a significant contribution for healthcare pro-
fessionals to improve the care of people with outpatient-managed
ECOPD, with a safe and patient-meaningful intervention. We 
envision the broad implementation of our PR programme by re-
al-world primary care healthcare professionals, both in primary 
care centres and individuals’ homes (depending on individual 
needs and barriers to participation in PR), to further explore the 
evidence of PR in people with outpatient-managed ECOPD and 
increase access and awareness to this key intervention. Although 
primary care has been recognised as the most inclusive, equita-
ble and cost-effective setting by the WHO,40 and the PR protocol 
developed is possible to be used even in low resources, some im-
plementation challenges are expected in different health systems. 
First, the establishment of a direct PR referral pathway from both 
the emergency department and primary care providers is recom-
mended, which requires training and increased awareness for PR 
among these physicians, and might require the reconfiguration of 

city, mental and health status, this home-based PR programme 
was able to target the main needs of these individuals, showing 
that PR is not only safe but also meaningful for people with outpa-
tient-managed ECOPD.

Participants mentioned the need for a longer PR programme 
and, despite the positive impact found on empowerment, not all 
individuals felt able to continue the PR programme alone after its 
completion. This home-based PR programme might, therefore, be 
seen as a rapid access programme to provide a bridge between the 
exacerbation period and the enrolment in a conventional stable PR 
programme.36 In fact, these individuals are likely to be good can-
didates for referral to conventional PR as some of the commonly 
reported barriers to adherence (eg, lack of perceived benefits, co-
morbidities and disabilities, perception of being too unwell to do 
it)37 are already overcome. Primary care centres were mentioned as 
a potential setting to continue PR due to their proximity to people’s 
homes.

Finally, participants highlighted the importance of education 
and breathing techniques to help them regaining control of daily 
life, reinforcing previous findings that PR programmes for peo-
ple with ECOPD should include exercise training, breathing tech-
niques and education and psychosocial support.4 5

Methodological considerations
This study has some strengths and limitations that need to be ac-
knowledged. First, to our knowledge, this is the first randomised 
controlled trial exploring the role of PR in the recovery process of 
people being actively managed as outpatients for ECOPD. A ma-
jor strength of this study is its mixed-methods design. Using both 
quantitative and qualitative data allowed a more comprehensive 
understanding of the role of PR, while maximising the strengths 
and minimising the weaknesses of each type of data. Moreo-
ver, findings from both types of data were confirmatory of each 
other, which increased results’ credibility. The most well-estab-
lished guidelines to report quantitative (CONSORT), qualitative 
(COREQ) and mixed-methods studies (GRAMMS) and exercise 
interventions (CERT) were followed. The PR programme was de-
livered always by the same two physiotherapists (AM and CD) and 
followed a structured and detailed intervention protocol (online 
supplemental material), which ensured consistency and reproduc-
ibility among participants. The nature of the intervention makes it 
impossible to blind participants and those delivering PR, hence, 
psychological and placebo effects cannot be excluded and are not 
possible to quantify. Nevertheless, PR led to considerable improve-
ments in all outcome measures, always superior to the CG, thus it 
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the health system. The broad implementation of PR can impose 
some challenges in sites with limited or less experienced staff, re-
sulting in access disparities and the need of hiring and/or training 
more healthcare professionals. Lack or limited insurance coverage 
can also be problematic in some health systems, hence new specific
reimbursement policies might be required. Further adequately 
designed multicentric pragmatic randomised controlled trials are 
needed to build up the evidence of PR in people with outpatient-
managed ECOPD, and implementation trials and a cost-effective-
ness analysis are warranted. These could strengthen the work with 
policymakers and other relevant stakeholders to advocate for inte-
gration and coverage of PR in this context.

Moreover, by improving the recovery process of people with 
outpatient-managed ECOPD, PR showed potential to contribute 
to a better prognosis in these individuals. Longitudinal studies ex-
ploring the mid-term and long-term effects of PR in people with 
outpatient-managed ECOPD are now needed. Approximately 20% 
of the individuals referred to this study had an inaccurate diag-
nosis of COPD/ECOPD, thus, the diagnostic criteria for COPD/
ECOPD must be implemented with more rigour. Finally, the be-
nefits obtained with this PR programme could only be compared 
with MCID established for PR in stable COPD. Specific MCID for 
PR in ECOPD are needed to better understand the clinically sig-
nificance of these findings.

CONCLUSIONS
A 3-week home-based PR programme in people with outpatient-
managed ECOPD is safe, more effective than just pharmacological
treatment, and results in positive short-term effects and self-per-
ceived impact on symptoms, physical activity, activities of daily 
living, functional capacity and health status, outcomes often as-
sociated with poor prognosis. This highlights the role of PR in im-
proving the recovery process during outpatient-managed ECOPD 
and, in turn, in potentially contributing to a better prognosis in 
these individuals. A longitudinal study, exploring the mid-term 
and long-term effects of this PR programme, is being conducted 
to verify this hypothesis.
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RESUMO
A cessação do tabagismo é mais eficaz quando apoiada 
por medicamentos. Os dados sobre a disponibilidade, 
custo e acessibilidade desses tratamentos em países de 
baixo e médio rendimento (LMIC) são limitados. Foram 
recolhidos dados transversais sobre medicamentos para 
cessação do tabagismo em farmácias, unidades de saúde 
e armazéns centrais de medicamentos em 60 LMIC 
(2022–2023). Os medicamentos apresentaram dispo-
nibilidade variável, grandes variações de preço e foram 
essencialmente inacessíveis. Garantir o acesso a esses 
medicamentos é fundamental para reduzir o consumo de 
tabaco e as doenças associadas. São necessárias estraté-
gias para integrar os serviços de cessação do tabagismo 
nos sistemas de saúde, a fim de alcançar as metas dos 
Objetivos de Desenvolvimento Sustentável.

INTRODUCTION 
The WHO Sustainable Development Goals (SDG)
target a reduction in tobacco consumption by 30%
by 2025, as part of the strategy to reduce premature 
deaths from non-communicable disease by a third 
by 2030.1 The WHO MPOWER measures outline 
ways to reduce tobacco consumption, including 
‘offering help to quit’.2 Over 80% of tobacco smo-
kers live in low-income and middle-income coun-
tries (LMIC),3 and smoking cessation medications 
should be accessible and affordable to all.4

Smoking cessation medications including nico-
tine gums, transdermal patches, bupropion and 
varenicline tablets have been on the WHO ‘Model 
List of Essential Medicines’ (EML) since 2009, 
based on their efficacy, cost-effectiveness and safe-
ty.5 Evidence on the availability, cost and affordabili-
ty of these treatments in LMIC is limited. This study 
provides high-quality data describing the current 
accessibility of these medications in LMIC.

METHODS
Healthcare professionals in LMIC completed a 
survey on the availability and cost of smoking 
cessation medications from three facility types: a 
pharmacy, healthcare facility (HCF) and central 
medicine store (CMS, online supplemental appen-
dix). Collaborators were recruited through pro-
fessional networks and snowballing. Supply for 1 
month’s treatment was based on average cigarette 
consumption of 10/day.6 Prices for 1 month’s treat-
ment were compared. A medicine was considered 
affordable if 1 month’s treatment cost less than 1 
day’s wage of the lowest paid government worker, 
defined by local minimum wage.7 Global vareni-
cline supply was interrupted in 2021, so it was not 
explored in this study.8 This survey was nested in 
the Thorax-published study on the accessibility of 
chronic respiratory disease medicines (online sup-
plemental appendix).9
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RESULTS
Data were reported from 60 countries, represen-
ting 84% of the global LMIC population. Informa-
tion from pharmacies, HCFs and CMSs was availa-
ble from 57, 56 and 46 countries, respectively. Most
pharmacies were private (51/60), and more HCFs 
were public (45/60). There were 18 low-income 
(LIC), 24 low-middle-income, 17 upper-middle- 
income (UMIC) countries; Venezuela was unclas-
sified (online supplemental appendix). Africa was 
the best-represented region with 26/60 countries.

Nicotine gum
Nicotine gum was available in 20/57 pharmacies, 
5/56 HCFs and 4/46 CMSs. Doses ranged from 2 to 
4 mg(table 1, figure 1, online supplemental appen-
dix). Price was provided by 19/20 pharmacies, 5/5 
HCFs and 2/4 CMSs. The median (IQR) cost was 
US$96 (US$65.13–123.98), US$61.94 (US$55.88–
89.05) and US$65.72 (US$11.44–120.00) in phar-
macies, HCFs and CMSs, respectively. It was un-
affordable from all facilities that provided price 
information (figure 1, online supplemental appen-
dix).

Nicotine patch
Nicotine transdermal patches were available in 
13/57 pharmacies, 6/56 HCFs and 5/46 CMSs (ta-
ble 1, online supplemental appendix). Doses ranged 
from 1 to 21 mg. Price was provided by 13 pharma-
cies, five HCFs and three CMSs. The median (IQR) 
cost was US$62.09 (US$51.54–100.90), US$68.61 
(US$43.80–307.31) and US$43.72 (US$12.00– 
124.29) in pharmacies, HCFs and CMSs, respec-
tively. It was affordable in one pharmacy (China) 
(figure 1, online supplemental appendix).

Bupropion tablets
Bupropion 150 mg tablets were available in 2/57 
pharmacies, 2/56 HCFs and 2/46 CMSs. Two 
pharmacies and two HCFs gave price information. 
The median (IQR) cost of tablets was US$143.89 
(US$–151.15) and US$25.10 (US$24.26–25.94) in 
pharmacies and HCFs, respectively. Bupropion was 
unaffordable from all facilities that provided price 
information (table 1, figure 1, online supplemental 
appendix).

DISCUSSION
This survey provides up-to-date, high-quality data 
on the availability, cost and affordability of smo-
king cessation medications globally and is the lar-
gest cross-sectional study on this topic in LMIC to 
date. Data came from a variety of income levels and 
16 out of 20 of the most populous LMIC.

WHO EML medications for smoking cessation 
were not widely available and were largely unaf-
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fordable for those living in LMIC. The most available form was 
nicotine gum, and the least available was bupropion. All pharma-
cotherapies were more available in UMIC (online supplemental 
appendix, table 2). Our data showed wide variability in price.

Medicines were more available in pharmacies but more expen-
sive (table 1), which is likely to be an accessibility barrier.

Results showed that these medications were mostly unaffordable, 
especially as treatment typically lasts at least 3 months. From our 
data, the median cost for 1 month of cigarettes is US$12.27(IQR 
US$7.71–21.23) (online supplemental appendix), cheaper than 
the cost of any medication to support smoking cessation (table 1). 
The latest WHO report suggests that LMIC needs to raise taxes 
and prices of cigarettes.10 Our data show the importance of coor-
dinated implementation of the MPOWER measures as ‘offering to 
help quit’ is economically undermined if cigarettes remain more 
affordable than treatment.

The strengths of the study were the wide range of included LMIC 
and the actual determination of availability and cost by health pro-
fessionals. There were some limitations including sampling bias 
towards urban, large centres. Participants were asked to enter the 
cheapest price of gum, patch and tablet per facility, so there could 
be more price variety and higher median costs. Information on 
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prices of tablets from HCFs and CMSs was limited and some fa-
cilities had missing data. Since data collection, there has been an 
update to the WHO EML in July 2023, which now includes other 
forms of nicotine replacement therapy; lozenges and oral spray.

CONCLUSION
Everyone globally should have the best support in stopping smo-
king, but without medications chances of successful smoking 
cessation are reduced. Our data can be used to inform smoking 
cessation programmes in LMIC, and combining this with other 
strategies will be key in achieving the greatest success for the indi-
viduals, as well as global targets in disease reduction.
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No Reino Unido (UK), a sibilância pré-
escolar é geralmente definida como ocor-
rendo em crianças entre 1 e 5 anos de idade. 
Estudos de prevalência indicam que um 
terço das crianças experimenta pelo menos 
um episódio de sibilância antes dos 3 anos, 
aumentando para metade de todas as crian-
ças aos 6 anos.1 Esses episódios agudos 
representam um grande impacto na saúde 
pública, causando morbidade significativa, 
estresse parental e redução da produtivi-
dade, com custos anuais de saúde no Reino 
Unido superiores a £53 milhões.2,3

A natureza multifatorial da sibilância 
pré-escolar aguda (APSW) faz com que, 
na realidade, seja um termo abrangente, 
englobando vários fenótipos em vez de uma 
entidade única.1 Em 2008, a Força-Tarefa da 
Sociedade Respiratória Europeia recomen-
dou a classificação dos fenótipos clínicos 
em sibilância viral episódica (EVW) ou 
sibilância de múltiplos gatilhos (MTW).4 A 
EVW é mais comum, geralmente associada 
a infeções respiratórias virais e sintomas 
mínimos entre episódios,4 enquanto crian-
ças com MTW são mais frequentemente 
atópicas, podem ter histórico familiar de 
asma, apresentam sintomas entre episódios 
e têm maior probabilidade de desenvolver 
asma.5 No entanto, há debate significativo 
sobre a utilidade dessa terminologia, pois a 
classificação não leva em conta a gravidade 
ou frequência da sibilância, e muitas crian-
ças apresentam sobreposição fenotípica.5-7 
Além disso, há evidências limitadas de que 
esses fenótipos preveem padrões de sibilân-
cia a longo prazo ou resposta terapêutica.7

Abordagens de tratamento As estratégias 
de gestão da APSW não são específicas para 
fenótipos e muitas vezes são extrapoladas 
de algoritmos desenvolvidos para crian-
ças mais velhas com asma.8,9 As diretrizes 
do National Institute for Health and Care 
Excellence (NICE), bem como as diretrizes 
conjuntas da British Thoracic Society e da 
Scottish Intercollegiate Guidelines Network, 
abordam a gestão da asma aguda e da sibi-
lância em crianças.8,9 Em crianças com 
sintomas graves que requerem hospitali-
zação, os corticosteroides orais (OCS) são 
recomendados como parte da escalada do 

cuidado.9 No entanto, em crianças pré-
escolares com sibilância leve a moderada, 
as diretrizes atuais não são claras quanto à 
prescrição de OCS. As diretrizes do Reino 
Unido sugerem que os OCS devem ser con-
siderados em casos de diagnóstico existente 
ou suspeito de asma subjacente, mas reco-
mendam cautela em crianças mais novas 
que não se enquadram nessa categoria.8

Determinar se uma criança pré-escolar 
tem asma subjacente é extremamente difícil 
no contexto agudo, pois não há uma defi-
nição universalmente aceita ou teste diag-
nóstico para asma, e o diagnóstico depende 
fortemente do histórico clínico e da resposta 
a um tratamento preventivo experimental.10 

Além disso, crianças mais novas com APSW 
são difíceis de distinguir daquelas com 
bronquiolite. Embora a bronquiolite seja 
mais comum entre 3 e 6 meses de idade, as 
diretrizes do NICE incluem lactentes até 2 
anos.11 As evidências atuais, incluindo uma 
meta-análise da Cochrane, não apoiam 
o benefício clínico dos OCS na gestão da 
bronquiolite por vírus sincicial respiratório 
(RSV).11,12 No entanto, evidências emer-
gentes sugerem heterogeneidade dentro da 
bronquiolite, e pode haver fenótipos respon-
sivos a corticosteroides.

Uso de OCS na APSW Dadas essas difi-
culdades, o uso de OCS na APSW continua 
sendo um tema de debate, com variação sig-
nificativa na prática clínica entre os departa-
mentos de emergência pediátrica do Reino 
Unido.

Ensaios clínicos randomizados (RCTs) 
que examinaram o impacto dos OCS na 
APSW produziram resultados conflitantes. 
Uma meta-análise de 2016, que incluiu 11 
estudos sobre APSW, não demonstrou efi-
cácia geral dos OCS em comparação com 
placebo na redução de hospitalizações, 
necessidade de corticosteroides sistémicos 
adicionais, duração da hospitalização ou 
atendimentos não programados no ser-
viço de emergência (razão de risco: 0,73; IC 
95% 0,35 a 1,52).13 No entanto, foi obser-
vada heterogeneidade significativa entre 
os estudos, e uma análise estratificada para 
o ambiente de emergência encontrou que 
crianças que receberam OCS tiveram menor 
risco de hospitalização e menor necessidade 
de corticosteroides sistémicos adicionais.13 
Os autores concluíram que mais estudos são 
necessários.

O maior ensaio clínico randomizado 
(RCT) incluído na meta-análise de 2016, 
conduzido por Panickar et al, não encontrou 
diferença significativa entre corticosteroides 
orais (OCS) com prednisolona por 5 dias e 
placebo no desfecho primário de duração 
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da hospitalização (13,9 horas vs. 11,0 horas) 
ou nos desfechos secundários (pontuação 
PRAM aos 4, 12 e 24 horas, uso de salbuta-
mol e pontuação de sintomas aos 7 dias) em 
crianças de 10 meses a 6 anos com sibilância 
leve a moderada.14

As principais críticas a este estudo incluem 
um possível “efeito teto”, ou seja, um grande 
número de crianças incluídas apresentava 
sintomas leves (pontuação PRAM média 
de 4,3 em 12), tornando menos provável 
que mostrassem benefício do tratamento. 
Além disso, uma proporção substancial dos 
participantes tinha menos de 2 anos (idade 
média de 26 meses), o que pode refletir a 
inclusão de um maior número de crianças 
com bronquiolite por vírus sincicial respi-
ratório (RSV), a causa mais comum de infe-
ção do trato respiratório inferior (LRTI) em 
crianças menores de 2 anos.

Dois outros grandes RCTs sobre o uso 
de OCS na APSW foram publicados poste-
riormente. O estudo de Foster et al incluiu 
605 crianças australianas de 24 a 72 meses 
com APSW e demonstrou uma redução 
significativa na mediana da duração da 
hospitalização (diferença de 170 minutos) 
em crianças que receberam prednisolona (1 
mg/kg/dia por 3 dias) versus placebo.15 Em 
claro contraste com Panickar et al, crianças 
menores de 2 anos foram excluídas, e uma 
proporção maior de crianças apresentou 
sibilância moderada a grave. Com uma 
idade média de 41 meses, esta população 
estudada representa melhor a faixa etária 
pré-escolar, em vez de um grupo predomi-
nantemente afetado por bronquiolite.

O estudo foi criticado por uma mudança 
pós-hoc no plano de análise, de não inferio-
ridade para superioridade, bem como pela 
alteração do desfecho primário, de duração 
da estadia no serviço de emergência (ED) 
e duração total da hospitalização, para um 
desfecho combinado de duração total da 
hospitalização.16 No entanto, os autores 
refutaram essas críticas, destacando que 
a duração total da hospitalização foi pré-
especificada como um dos dois desfechos 
primários, e que todas as análises estatísti-
cas foram realizadas antes da revelação dos 
dados.17

Mais recentemente, Wallace et al condu-
ziram um RCT em 477 crianças da Nova 
Zelândia, com idades entre 24 e 59 meses, 
com APSW. Este estudo negativo não con-
seguiu demonstrar um desfecho primário 
estatisticamente significativo entre predni-
solona (2 mg/kg/dia por 3 dias) e placebo 
na alteração da pontuação de sintomas res-
piratórios (PRAM) em 24 horas (diferença 
média −0,39, IC 95% −0,84 a 0,06, p=0,09).3 
Além disso, não houve diferença entre os 
grupos em relação ao tempo necessário para 
retomar atividades habituais ou às taxas de 
retorno ao hospital dentro de 7 dias.3

No entanto, foram observadas melhorias 
significativas em vários desfechos secundá-
rios, incluindo pontuação PRAM absoluta 
mais baixa aos 4 e 24 horas (ambos p=0,01) 
no grupo prednisolona. São necessários 
mais estudos para validar prospectivamente 
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esses desfechos secundários e determinar se 
existem subgrupos que possam beneficiar 
dos OCS.3

Resultados variáveis dos RCTs dispo-
níveis Os resultados variáveis dos ensaios 
clínicos randomizados (RCTs) provavel-
mente refletem diferenças no desenho dos 
estudos, particularmente idade dos parti-
cipantes, gravidade da doença, medidas de 
desfecho primário e definição dos fenótipos 
de APSW. As intervenções estudadas tam-
bém variaram consideravelmente, incluindo 
diferentes medicamentos esteroides, doses e 
durações de tratamento, refletindo a varia-
ção na prescrição de esteroides na prática 
clínica. De fato, estabelecer medidas padro-
nizadas de desfecho tem sido um desafio, 
com os RCTs mencionados estudando dife-
rentes desfechos primários.3,14,15

Além disso, estabelecer consenso sobre 
um desfecho clinicamente relevante é deba-
tido e varia entre médicos, crianças e seus 
cuidadores.18 Se a redução da duração da 
hospitalização (LOS) for considerada um 
desfecho prioritário, quanto de redução 
justifica a prescrição de OCS ainda não está 
claro. Notavelmente, Panickar et al relata-
ram negativamente uma estadia 16% mais 
curta (114 min) no grupo OCS, semelhante 
à redução de 18% (170 min) relatada positi-
vamente no grupo OCS de Foster et al. Uma 
revisão sistemática recentemente publicada 
também buscou avaliar a eficácia dos OCS 
para APSW por meio de uma meta-análise 
de dados individuais dos participantes.19 A 
análise de dados de quatro estudos (1360 
doentes) demonstrou que a duração da 
hospitalização foi significativamente redu-
zida no grupo OCS (diferença média de 
3,1 horas na sibilância moderada a grave e 
2,23 horas na sibilância leve).19 As opiniões 
sobre se uma redução de 3,1 horas na hos-
pitalização é suficientemente benéfica para 
compensar os possíveis efeitos colaterais 
dos OCS variam. Alguns podem conside-
rar essa duração uma troca inadequada, 
enquanto outros, como médicos de emer-
gência, podem considerá-la uma redução 
valiosa e importante. São necessários mais 
estudos para avaliar as opiniões de cuidado-
res e médicos sobre essa questão.

O papel da etiologia viral na APSW na 
literatura, sugere que um subgrupo de 
APSW pode se beneficiar dos OCS. Há evi-
dências emergentes de que a etiologia viral 
pode desempenhar um papel importante na 
identificação desse subgrupo. As estimativas 
da etiologia viral na APSW variam ampla-
mente, de aproximadamente 30% a 90%, e 
uma revisão sistemática recente identificou 
os vírus mais frequentemente implicados 
como rinovírus (RV) (35,6%) e vírus sinci-
cial respiratório (RSV) (31,0%).20 O RV é a 
causa mais comum de sibilância em crianças 
e, comparado a outros vírus, está mais fre-
quentemente associado a episódios recor-

rentes de sibilância suficientemente graves 
para necessitar de atendimento hospitalar.2 

A infecção por RSV, além de sua associação 
com bronquiolite, está sendo cada vez mais 
reconhecida como uma causa significativa 
de infeção respiratória aguda (LRTI) em 
crianças pré-escolares mais velhas, com 33 
milhões de LRTIs associadas ao RSV global-
mente em crianças menores de 5 anos em 
2019.12

Até o momento, a maioria dos RCTs sobre 
OCS na APSW não realizou testes de vírus 
respiratórios, dificultando a avaliação do 
impacto da etiologia viral na eficácia dos 
OCS. Como mencionado anteriormente, a 
inclusão de crianças menores de 24 meses 
é uma limitação chave do RCT de Panickar 
et al, dado que a bronquiolite induzida por 
RSV, a causa mais comum de LRTI em 
menores de 2 anos, não responde à terapia 
com OCS. Foster et al, que relataram bene-
fícios com OCS, descreveram testes virais 
em 531 participantes do estudo, dos quais 
65% tinham pelo menos um vírus detec-
tado.21 A análise de subgrupos por tipo de 
vírus demonstrou tendências de melhora no 
desfecho primário para prednisolona versus 
placebo na etiologia viral não-RSV, mas o 
estudo não teve poder estatístico suficiente 
para demonstrar significância.

Infecção bacteriana e coinfecção também 
podem desempenhar um papel importante. 
Isso foi avaliado por meio de amostras de 
lavagem broncoalveolar eletiva em crianças 
pré-escolares entre episódios de sibilância 
aguda, mas mais pesquisas são necessárias 
para avaliar o papel da infecção bacteriana 
no contexto agudo.

Conclusão, até o momento, os RCTs 
falharam em fornecer evidências robus-
tas para esclarecer a prática clínica. São 
necessários ensaios clínicos que avaliem 
o uso de OCS em fenótipos específicos de 
sibilância (que se espera que respondam) e 
APSW causada pelos dois vírus desencade-
antes mais comuns (RSV e RV) para com-
preender melhor essa questão complexa. 
Isso pode exigir processos inovadores para 
caracterizar rapidamente os fenótipos de 
APSW no contexto de emergência, a fim de 
superar a abordagem “tamanho único”. O 
uso de testes adicionais, como testes rápi-
dos de patógenos respiratórios virais/bacte-
rianos, testes rápidos de eosinofilia (sangue 
ou nasal), fração de óxido nítrico exalado 
e breath-omics, merece consideração em 
trabalhos futuros. No entanto, essas fer-
ramentas ainda não foram validadas para 
avaliação da APSW no contexto agudo, e 
muitas provavelmente serão impraticáveis 
para implementação em um ambiente de 
emergência movimentado.

Dado o impacto substancial da APSW 
e os potenciais efeitos negativos dos OCS 
na saúde infantil, mais esclarecimentos são 
urgentemente necessários.
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Todos estão familiarizados com os efeitos 
devastadores do tabagismo, que afetam 
especialmente as famílias de baixa renda. 
No século XX, a indústria global do tabaco 
utilizou diversas táticas de marketing, mui-
tas vezes direcionadas a grupos específicos, 
incluindo crianças e jovens (CYP). Essas 
estratégias incluíram publicidade estratégica 
na mídia, patrocínios (incluindo grandes 
eventos desportivos) e colocação de produ-
tos em filmes. Vergonhosamente, médicos 
também participaram dessas campanhas 
publicitárias. Regulamentações sobre publi-
cidade, tributação, restrições ao uso público 
e mudanças na opinião social reduziram sig-
nificativamente o uso do tabaco e melhora-
ram os resultados de saúde.

No entanto, a indústria do tabaco con-
tra-atacou com os cigarros eletrónicos. 
Especialmente em Inglaterra, alega-se 
repetidamente que esses dispositivos são 
a chave para acabar com a dependência 
do tabaco e que são 95% mais seguros do 
que os cigarros tradicionais. Embora haja 
espaço para a redução de danos, os cigar-
ros eletrónicos são realmente a solução? 
A Sociedade Respiratória Europeia (ERS) 
rejeita firmemente essa ideia.1 Além disso, 
a redução de danos deve abranger toda a 
comunidade, não apenas os fumadores. 
Crianças e jovens estão cada vez mais vul-
neráveis devido às estratégias de marketing2 
atuais. Preocupantemente, um em cada seis 
vapes confiscados de crianças em idade 
escolar contém a droga Spice. Sem dúvida, 
a indústria do tabaco alegaria que não tem 
responsabilidade, mas não pode escapar às 
consequências de seus dispositivos chega-
rem às mãos das crianças.

Surpreendentemente, o Royal College of 
Physicians publicou um documento sobre 
redução de danos sem envolver pediatras 
respiratórios.3 Este artigo destaca o com-
portamento enganoso recente da indústria 
do tabaco, estudos emergentes que levan-
tam preocupações sobre segurança, novas 
diretrizes da OMS e da ERS, e a nova legis-
lação proposta no Reino Unido. Uma inves-
tigação recente4 revelou que as estratégias 
de marketing e os conselhos de segurança 
foram influenciados pela mesma indústria 
que criou o manual de marketing do tabaco 
no século passado. Fabricantes de tabaco 
financiaram pesquisas que minimizam os 
riscos do vaping entre jovens, posterior-
mente citadas como evidência em consul-

tas governamentais. Eventos de cessação 
do tabagismo pró-vaping (onde cessação 
do tabagismo significa trocar para cigarros 
eletrónicos, não abstinência de nicotina!) 
foram financiados pela indústria do tabaco 
e frequentados por médicos britânicos.5

O fabricante de cigarros eletrónicos JUUL 
pagou quase meio bilhão de dólares para 
resolver processos de vários estados dos 
EUA sobre publicidade ilegal direcionada a 
menores. Os fantoches podem ter mudado, 
mas o mestre continua o mesmo. A transpa-
rência na indústria dos cigarros eletrónicos 
continua sendo uma contradição. Assim 
como ocorreu com o tabaco no século XX, 
as empresas parecem tentar ocultar, mani-
pular ou negar preocupações sobre os riscos 
à saúde dos cigarros eletrónicos.

Os cigarros eletrónicos são realmente 
mais seguros que o tabaco? Existem duas 
razões pelas quais os efeitos adversos podem 
não ser detectados: primeiro porque não 
existem e segunda, porque não foram inves-
tigados suficientemente ou no lugar certo.

Filosoficamente, apenas a falta de segu-
rança pode ser provada, não a segurança. 
Isso precisa ser enfatizado, pois muitos 
aderiram à ideia de que os cigarros eletró-
nicos são seguros. Por exemplo, um estudo 
concluiu que “o uso regular de cigarros ele-
trónicos ou adesivos de nicotina por gestan-
tes fumadoras não parece estar associado a 
efeitos adversos”,6 apesar dos efeitos bem 
conhecidos da nicotina no desenvolvimento 
pulmonar. A nicotina é uma substância 
viciante com toxicidade multiorgânica ao 
longo da vida. O princípio da precaução não 
deve ser descartado.

Estudos recentes demonstraram que cen-
tenas de compostos são produzidos quando 
os líquidos dos cigarros eletrónicos são 
aquecidos, incluindo tributilfosfina,7 um 
químico industrial perigoso. Além disso, o 
vaping foi associado a alterações no trans-
criptoma do tecido pulmonar,8 mudanças 
epigenéticas semelhantes às observadas no 
cancro de pulmão, e alterações na expressão 
proteica das vias respiratórias que se sobre-
põem às características da asma eosinofílica 
e neutrofílica.9 O vaping tem múltiplos efei-
tos adversos em indivíduos com asma. A 
toxicidade aguda do vaping é muito maior 
do que a do tabaco, causando lesões pul-
monares induzidas por cigarros eletróni-
cos, sem equivalente no tabaco tradicional. 
Diante desses factos, como podemos afir-
mar com confiança que os cigarros eletró-
nicos são seguros a longo prazo?

A OMS publicou recentemente um quadro 
de “segurança em primeiro lugar” baseado 
em dados mundiais e independentes para 
auxiliar o desenvolvimento de políticas sobre 
cigarros eletrónicos. 10 O Reino Unido seria 
bem aconselhado a adotar este quadro global 
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posição, em vez de ser um caso atípico 
internacional. Ou toda a gente está errada, 
ou a indústria está a fazer o Reino Unido 
de parvo. As mensagens da OMS são claras 
(caixa 1), apesar de, infelizmente, a Food and 
Drug Administration ter aprovado a publi-
cidade de vaporizadores de mentol para 
a cessação tabágica.11 A British Pediatric 
Respiratory Society publicou também recen-
temente um documento de posição, que está 
estreitamente alinhado com as declarações 
da OMS e de outras sociedades interna-
cionais. É também de esperar que o Royal 
College of Paediatrics and Child Health adote 
formalmente esta declaração.

Pode haver luz na escuridão. O Reino 
Unido propõe proibir os cigarros eletró-
nicos descartáveis “o mais rápido possí-
vel”12, mas com um período de transição 
de pelo menos 6 meses para que as empre-
sas possam adaptar-se. Adaptar-se a quê? 
Encontrar formas de contornar as regula-
mentações? O mesmo relatório afirma que 
“estamos a reforçar a regulamentação dos 
sabores de vape, das embalagens e da forma 
como são exibidos nas lojas” e que “para 
combater as vendas a menores, os agentes 
de fiscalização terão o poder de emitir mul-
tas imediatas quando detectarem a venda 
de tabaco e vapes a crianças na Inglaterra e 
no País de Gales”. As escolas serão alvo de 
medidas—precisam de ter uma “política”, 
aquela tática antiga e desgastada usada 
para empurrar um problema para o futuro. 
Quem conhece a linguagem governamen-
tal perceberá imediatamente a preocupante 
falta de detalhes.

Falar em reforçar a regulamentação dos 
sabores é estranho, porque como se reforça 
algo que não existe? Prepare-se para uma 
reação bem financiada e bem direcionada 
da indústria do tabaco, e fique atento aos 
detalhes, onde o perigo e a indústria esta-
rão à espreita. Já estamos a ver publica-
ções que destacam quantos adultos serão 
afetados pela proibição, como se isso fosse 
relevante.
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Caixa 1 – Recomendações da 
OMS

uProibir explicitamente os sabores, 
incluindo mentol e análogos sin-
téticos de mentol. 

uLimitar a concentração de nicotina. 
uAumentar a tributação. 
uOs países devem continuar a 

promover medidas de cessação 
do tabagismo utilizando apenas 
métodos comprovados e não 
seguir uma estratégia que per-
mita a comercialização dos cigar-
ros eletrónicos como produtos de 
consumo. 

uSe os cigarros eletrónicos forem 
usados como auxiliares na ces-
sação do tabagismo, devem ser 
regulamentados como medica-
mentos.

Langley RJ, et al. Arch Dis Child April 2025 Vol 110 No 4



Ponto de vista

203 O’ Hagan S, et al. Arch Dis Child February 2025 Vol 110 No 2

No entanto, as medidas recentemente 
propostas devem ser acolhidas com entu-
siasmo, e o novo governo deve ser res-
ponsabilizado por essas promessas. O 
plano de aumentar progressivamente a 
idade mínima para compra de tabaco tam-
bém é bem-vindo, desde que seja efetiva-
mente aplicado. Mas isso não é suficiente. 
Apelamos ao governo para que assine o 
quadro da OMS sobre cigarros eletrónicos 
e o implemente imediatamente.

Contributors AB wrote the first draft. All authors edited and approved the 
final version.
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 Not commissioned; internally peer reviewed.
© Author(s) (or their employer(s)) 2025. No commercial re-use.
See rights and permissions. Published by BMJ Group.

To cite Langley RJ, Dagli E, Bush A. Arch Dis Child 2025;110:316–317.
Received 14 May 2024
Accepted 22 August 2024
Published Online First 30 August 2024
Arch Dis Child 2025;110:316–317.
doi:10.1136/archdischild-2024-327395
ORCID iDs
Ross John Langley http://orcid.org/0009-0007-6069-1914
Andrew Bush http://orcid.org/0000-0001-6756-9822

REFERENCES
1.	 Chen DT, Grigg J, Filippidis FT. Tobacco Control Committee 

of the European Respiratory Society. European Respiratory 
Society statement on novel nicotine and tobacco products, 
their role in tobacco control and ’harm reduction’. Eur Respir 
J 2024;63:2301808.

2.	 University of BATH. English school children unwittingly smoking 
spice-spiked vapes, finds university of bath. 2024. Available: 
https://www.bath.ac.uk/announcements/english-school-children-
unwittinglysmoking-spice-spiked-vapes-finds-university-of-bath/

3.	 The Royal College of Physicians. E-cigarettes and harm reduc-
tion: an evidence review. 2024. Available: https://www.rcp.ac.uk/

policy-and-campaigns/policydocuments/e-cigarettes-and-harm-
reduction-anevidence-review/

4.	 The times. Revealed: how tobacco giants are bankrolling secret 
pro-vaping campaign. thetimes. co. uk; 2023.

5.	 Malone M. Stop tobacco companies sponsoring CME. BMJ 
2024;385:q950.

6.	 Hajek P, Przulj D, Pesola F, et al. Electronic cigarettes versus nico-
tine patches for smoking cessation in pregnancy: a randomized 
controlled trial. N Med 2022;28:958–64.

7.	 Tehrani MW, Newmeyer MN, Rule AM, et al. Characterizing 
the Chemical Landscape in Commercial E-Cigarette Liquids 
and Aerosols by Liquid Chromatography-High-Resolution Mass 
Spectrometry. Chem Res Toxicol 2021;34:2216–26.

8.	 Kidane B, Kahnamoui S, Srinathan S, et al. Lung transcriptome of 
e-cigarette users reveals changes related to chronic lung disease. 
Eur Respir J 2024;63:2301623.

9.	 Hickman E, Alexis NE, Rager JE, et al. Airway Proteotypes of 
E-Cigarette Users Overlap with Those Found in Asthmatics. Am J 
Respir Cell Mol Biol 2024;70:326–8.

10.	World Health Organization. Technical note on the call to action 
on electronic cigarettes. who. int. 2023 Available: https://www.
who.int/publications/m/item/technical-note-on-call-to-action-
on-electroniccigarettes

11.	Furlow B. US FDA approves menthol e-cigarette products. Lancet 
Respir Med 2024.

12.	Gov.UK. The education hub. 2024. Available: https:// educatio-
nhub.blog.gov.uk/2024/01/29/disposablevape-ban-and-what-it-
means-for-young-people/

Langley RJ, et al. Arch Dis Child April 2025 Vol 110 No 4



Novo site.

Novas funcionalidades, com o objetivo de facilitar o acesso às nossas publicações

na área reservada e de informar a população em geral na área aberta.

Visite www.medjournal.pt para estar a par das nossas publicações e faça o seu

registo gratuitamente de forma a receber o Thorax com artigos do Archives Disease

in Childhood.


	Thorax numero maio-junho 2025.pdf
	Thorax info
	Thorax numero maio-junho 2025
	adc info
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025
	Thorax numero maio-junho 2025



