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1. Zimbus® Breezhaler®, Resumo das Caracteristicas do Medicamento, Ultima atualizagdo 12/11/2021. Disponivel em https:/www.ema.europa.eu/en/documents/product-information/zimbus-breezhaler-epar-product
-information_pt.pdf. Consultado a 12/01/2022. Terapéutica inalada, 1x/dia, combinagdo de dose-fixa de acetato de indacaterol, brometo de glicopirrénio e furoato de mometasona. Mistura de lactose
em po para inalagdo, doses Unicas, através do dispositivo BREEZHALER® que permite a confirmagéo de doses’. *Entende-se por ‘da ritmo a vida’ que o doente ao tomar Zimbus® Breezhaler® podera
obter melhorias de fungdo pulmonar, controlo de sintomas, qualidade de vida e redugdo de exacerbagdes vs terapéuticas padrdo. 2. Gessner C, et al. Fixed-dose combination of
indacaterol/glycopyrronium/mometasone furoate once-daily versus salmeterol/fluticasone twice-daily plus tiotropium once-daily in patients with uncontrolled asthma: A randomised, Phase llib,
non-inferiority study (ARGON). Respir Med. 2020 Aug-Sep;170:106021. 3. Kerstjens HAM, et al. Once-daily, single-inhaler mometasone-indacaterol-glycopyrronium versus mometasone-indacaterol
or twice-daily fluticasone-salmeterol in patients with inadequately controlled asthma (IRIDIUM): a randomised, double-blind, controlled phase 3 study. Lancet Respir Med. 2020 Oct;8(10):1000-1012.
4. EPAR: European public assessement report. https://www.ema.europa.eu/en/documents/assessment-report/zimbus-breezhaler-epar-public-assessment-report_en.pdf; consultado em 21/05/2021.
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Zimbus Breezhaler 114 microgramas/46 microgramas/136 microgramas p6 para inalagéo, capsulas

NOTA: Antes de prescrever consulte 0 RCM do medicamento. APRESENTAGAO: P para inalagéo, capsula (pd para inalagdo). Cada capsula contém 150 microgramas de indacaterol, 50 microgramas de glicopirrénio e
160 microgramas de furoato de mometasona. Cada dose libertada (a dose libertada através do aplicador bocal do inalador) contém 114 microgramas de indacaterol (na forma de acetato), 8 microgramas de brometo de glicopirrénio
equivalente a 46 microgramas de glicopirrénio e 136 microgramas de furoato de mometasona. Excipient m efeito conhecido: Cada cépsula contém 25 mg de lactose mono-hidratada. INDICAGOES: Zimbus Breezhaler esta
indicado como terapéutica de manuteng&o da asma em doentes adultos n&o controlados adequadamente com uma associagéo de um agonsta beta, de agéo prolongada e uma dose alta de corticosteroide inalado em regime de
manuteng&o que experimentaram uma ou mais exacerbagdes da asma no ano anterior. POSOLOGIA: Adultos: Adose recomendada é uma capsula inalada uma vez por dia. Adose méaxima recomendada é de 114 ug/46 ug/136 ug
uma vez por dia. Doentes pediatricos (< 18 anos): Ndo recomendado em doentes com menos de 18 anos de idade. Populagdes especiais: Populagdo idosa: Nao ¢ necessario ajuste de dose em doentes idosos (65 anos de
idade ou mais). Compromisso renai: Ndo é necessario ajuste de dose em doentes com compromisso renal ligeiro a moderado. Deve ter-se precaucado em doentes com compromisso renal grave ou doenga renal terminal que
necessitem de didlise. Compromisso hepatico: Nao é necessario ajuste de dose em doentes com compromisso hepatico ligeiro a moderado. Nao existem dados disponiveis sobre a utilizagéo deste medicamento em doentes
com compromisso hepatico grave, como tal deve ser utilizado nestes doentes apenas se o beneficio esperado superar o risco potencial. Modo de administragio: Apenas para utilizagao por via inalatéria. As capsulas ndo podem
ser engolidas. Os doentes que ndo sintam melhorias na sua respiracdo devem ser questionados se estdo a engolir o medicamento em vez de o inalar. As capsulas tém de ser administradas usando apenas o inalador Zimbus
Breezhaler. O tratamento deve ser administrado a mesma hora do dia todos os dias. Pode ser administrado independentemente da hora do dia. Apds a inalagéo, os doentes devem lavar a boca com agua sem engolir. Se for omitida
uma dose, esta deve ser tomada assim que possivel. Os doentes devem ser instruidos a ndo tomarem mais do que uma dose por dia. As capsulas de Zimbus Breezhaler devem ser sempre conservadas no blister para proteger
daluz e humidade, e s6 podem ser removidas do blister imediatamente antes da utilizagdo. CONTRAINDICAGOES: Hipersensibilidade as substancias ativas ou a qualquer um dos excipientes. ADVERTENCIAS/PRECAUGOES:
+ Asma Aguda: néo deve ser utilizado para tratar sintomas agudos de asma, incluindo episddios agudos de broncospasmo, para os quais € necessario um broncodilatador de curta agao. ¢ Hipersensibilidade: Se ocorrer uma
reacdo de hipersensibilidade, Zimbus Breezhaler deve ser descontinuado imediatamente e devera ser instituida terapéutica alternativa. ¢ Broncospasmo paradoxal: Tal como com outra terapéutica inalatéria, a administragéo
deste medicamento pode resultar em broncospasmo paradoxal, o qual pode colocar a vida em risco. Se tal ocorrer, o tratamento deve ser interrompido imediatamente e devera ser instituida terapéutica altemativa. ¢ Efeitos
cardiovasculares: Tal como outros medicamentos contendo agonistas adrenérgicos beta,, este medicamento pode produzir um efeito cardiovascular clinicamente significativo em alguns doentes conforme avaliado através de
aumentos na frequéncia cardiaca, presséo arterial efou sintomas, alteragdes do electrocardiograma (ECG). Este medicamento deve ser usado com precaugéo em doentes com patologias cardiovasculares (doenga arterial
coronaria, enfarte agudo do miocardio, arritmias cardiacas, hipertensao, suspeita ou confirmagao de prolongamento do intervalo QT, disturbios convulsivos ou tirotoxicose e em doentes com resposta aumentada aos agonistas
adrenérgicos beta,. ¢ Hipocaliemia: Os agonistas adrenérgicos beta, podem causar uma hipocaliemia significativa em alguns doentes, o que potencialmente pode levar a reagdes adversas cardiovasculares. Em doentes com
asma grave, a hipocaliemia pode ser potenciada pela hipoxia e pela terapéutica concomitante, o que pode aumentar a suscetibilidade a arritmias cardiacas. ¢ Hiperglicemia: Ainalagéo de doses elevadas de agonistas adrenérgicos
beta, e corticosteroides pode produzir um aumento da glucose plasmatica. Nos doentes diabéticos, ao iniciar o tratamento, a glucose plasmatica deve ser monitorizada mais cuidadosamente. 4 Efeitos anticolinérgicos: Tal como
com outros medicamentos anticolinérgicos, este medicamento deve ser utilizado com precaugdo em doentes com glaucoma de angulo fechado ou retencéo urinaria. ¢ Doentes com compromisso renal grave: Nos doentes com
compromisso renal grave (taxa de filtragdo glomerular estimada inferior a 30 ml/min/1,73 m?), incluindo aqueles com doenca renal terminal que necessitam de didlise, deve ser utilizado apenas se o beneficio esperado for superior
ao risco potencial. ¢ Prevencao de infegoes orofaringeas: De modo a reduzir o risco de infegéo orofaringea por candida aibicans, os doentes devem ser aconselhados a lavar a boca ou a gargarejar com agua, sem a engolir, ou
a lavar os dentes ap6s inalarem a dose prescrita. ¢ Efeitos sistémicos dos corticosteroides: Podem ocorrer efeitos sistémicos dos corticosteroides inalados, principalmente no caso de doses elevadas prescritas por periodos
prolongados. Os efeitos sistémicos possiveis podem incluir: sindrome de Cushing, manifestagdes Cushingdides, supresséo adrenal, atraso do crescimento em criangas e adolescentes, diminuicdo da densidade mineral éssea,
cataratas, glaucoma e, mais raramente, uma série de efeitos psicolégicos ou comportamentais incluindo hiperatividade psicomotora, distirbios do sono, ansiedade, depresséo ou agress&o (especialmente em criangas). Como tal,
€ importante que a dose de corticosteroide inalado seja titulada para a dose mais baixa na qual o controlo efetivo da asma é mantido. Podem ser notificados disturbios visuais com o uso de corticosteroides sistémicos ou tdpicos
(incluindo intranasais, inalados ou intraoculares). Doentes que apresentem sintomas como vis&o turva ou outros disturbios visuais, devem ser considerados para encaminhamento a um oftalmologista para avaliagéo de possiveis
causas dessas perturbacdes visuais, as quais podem incluir cataratas, glaucoma ou doengas raras como a corioretinopatia central serosa (CRCS), que foram notificadas apds o uso de corticosteroides sistémicos ou topicos. Este
medicamento deve ser administrado com precaugédo em doentes com tuberculose pulmonar ou em doentes com infegdes cronicas ou ndo tratadas. ¢ Gravidez: Este medicamento deve ser utilizado durante a gravidez apenas se
o beneficio esperado para o doente justificar o potencial risco para o feto. ¢ Amamentagao: Tem que ser tomada uma decisdo sobre a descontinuagéo da amamentagéo ou a descontinuagéo/abstencéo da terapéutica, tendo em
conta o beneficio da amamentag&o para a crianca e o beneficio da terapéutica para a mulher. + Trabalho de parto: Como outros medicamentos contendo agonistas adrenérgicos beta,, 0 indacaterol pode inibir o trabalho de parto
devido a um efeito relaxante no musculo liso uterino. INTERAGOES: ¢ Bloqueadores adrenérgicos beta: este medicamento néo deve ser administrado com bloqueadores adrenerglcos beta (incluindo gotas para os olhos) a
menos que existam razdes importantes para a sua utilizacdo ¢ Medicamentos conhecidos por prolongarem o intervalo QTc: este medicamento deve ser administrado com precaucéo a doentes que estejam a ser tratados com
inibidores da monoamina oxidase, antidepressivos triciclicos ou medicamentos conhecidos por prolongar o intervalo QT. ¢ Tratamento hipocaliémico: O tratamento hipocaliémico concomitante com derivados da metilxantina,
esterdides ou diuréticos ndo poupadores de potassio pode potenciar o possivel efeito hipocaliémico dos agonistas adrenérgicos b eta,. 4 Interagéo com inibidores do CYP3A4 e da glicoproteina P: Ainibicdo do CYP3A4 e da
glicoproteina P (gp-P) n&o tem impacto na seguranga de doses terapéuticas de Zimbus Breezhaler. 4 Outros antimuscarinicos de agao prolongada e agonistas adrenérgicos beta, de agio prolongada: A coadministragéo
deste medicamento com outros medicamentos contendo antagonistas muscarinicos de agéo prolongada ou agonistas adrenérgicos beta, de ag&o prolongada n&o foi estudada e nao é recomendada. ¢ Cimetidina ou outros
inibidores do transporte de catides organicos: N&o é esperada qualquer interagdo medicamentosa clinicamente relevante. EFEITOS INDESEJAVEIS + Frequentes (21% a <10%) e potencialmente graves: hipersensibilidade.

+ Muito frequentes: asma (exacerbacdo), nasofaringite. ¢ Frequentes (21% a <10%): infecao do trato respiratério superior, candidiase, infegéo do trato urinario, cefaleia, taquicardia, dor orofaringea, tosse, disfonia, gastroenterite,

dor musculosquelética. espasmos musculares, pirexia. ¢ Pouco frequentes (20,1% a <1%): hiperglicemia, cataratas, boca seca, erupgdo cutanea, prurido, disuria. Para mais informagdes, consultar o titular de autorizagéo de
introdug&@o no mercado ou o representante local do titular de autorizagéo de introdugdo no mercado. Medicamento sujeito a receita médica. Escaldo de comparticipagao: Escaldo B. Titular da AIM: Novartis Europharm Limited.
Representante local: Laboratério Medinfar - Produtos Farmacéuticos, S.A. - Rua Henrique de Paiva Couceiro, N° 29, Venda Nova, 2700-451 Amadora Informagdes Essenciais Compativeis com o Resumo das Caracteristicas do
Medicamento (ZIM_RCM20210422_|EC_v2).

Nimero verde: 800 204 661 | LABORATORIO MEDINFAR - PRODUTOS FARMACEUTICOS, S.A. Rua Henrique Paiva Couceiro, n 29, Venda Nova 2700-451 Amadora 4
Tel. 21499 74 00 | Fax. 21499 74 97 | email: medinfar@medinfar.pt | Capital Social: €7.000.000,00 | Contribuinte n.c 500 384 045 | Sob licenga Novartis @ m e I n q r
- Medicamento sujeito a receita. Para mais informagdes deverd contactar o titular da AIM/representante local do titular da AIM.

2202F_918642 LABORATORIO



indice Volume 9 Ndmero 3
Thorax com artigos do Archives of Disease in Childhood
maio / junho 2025

Edicdo Portuguesa N.° 3 maio / junho 2025 - Volume 9

Editorial

Artigos originais

Seguranga do salbutamol em
criangas menores de 2 anos com
sibilancia aguda: uma meta-andlise
de ensaios clinicos randomizados
Eficacia dos centros de asma
pediétricos: um estudo clinico
piloto

Epidemiologia respiratéria
Life’s Essential 8 e os riscos

de mortalidade e morbidade
cardiovascular em individuos com
PRISm e suas associagdes com
trajetorias de transigdo do PRISm

Sono

Sindrome da apneia obstrutiva do
sono e risco futuro de deméncia
entre individuos acompanhados na
prética clinica geral do Reino Unido

Reabilitacao

Reabilitagéo pulmonar baseada em
aplicacdo mdvel na DPOC: um ensaio
clinico randomizado multicéntrico
Efeitos de curto prazo da
reabilitacao pulmonar domiciliar
durante agudizagées da DPOC
geridas em regime ambulatorial:
um ensaio clinico randomizado

Thorax

com artigos do
Archives of

Disease in Childhood

Edigao bimestral em lingua portuguesa
Editada por:

Medjournal

Rua Bernardo Costa n°127, 1° Esquerdo
2775-809 Carcavelos

Contacto: 938311875

Email: geral@medjournal.pt
www.medjournal.pt

NIF: 510 542 719

General Manager
Anténio Gongalves

Diretores Médicos
Carlos Robalo Cordeiro
Jaime Correia de Sousa
Mario Morais de Almeida
Teresa Bandeira

197
197

Comunicacao curta
Disponibilidade, custo e acessibilidade
de medicamentos essenciais para a
cessagao do tabagismo em paises de
baixo e médio rendimento: um estudo
transversal

Ponto de vista

Papel dos corticosteroides orais no
tratamento da sibilancia aguda em
criancas em idade pré-escolar

Cigarros eletronicos: quem sabe melhor,
a 0MS?

Comissao Cientifica
Cristina Barbara
Elisa Pedro

José Alves

Rui Costa

Teresa Bandeira
Venceslau Hespanhol

Tiragem: 2000 exemplares

Traducao
Traducao de inglés para portugués,

Sea of Words - Tradugdes Técnicas, Lda
Rua Castilho n°23 5°B
1250-067 Lisboa

Paginacao e impressao

Ligacao Visual

Quinta dos Estrangeiros - Zona Industrial Norte,
Pavilhdo 63

2665-601 Venda do Pinheiro

Periocidade: 6 nimeros anuais

A Medjournal ndo se responsabiliza pela opinido expressa dos autores.
Proibida a reprodugéo total ou parcial sob qualquer forma, sem autorizacdo prévia do BMJ Publishing Group.




Thorax

ORIGINALITY, RIGOUR AND EXCELLENCE
IN RESPIRATORY MEDICINE

Impact Factor: 9.203
Journal of the
British Thoracic Society

Editorial Board

H Aranibar (Chile)
R Beasley (New Zealand)
J Brown (UK)

J Celedon (USA)

T Fardon (UK)

P Gibson (Australia)
J Grigg (UK)

ML Han (USA)

F Holguin (USA)

| Janahi (Qatar)

A Jones (UK)

A Knox (UK)

F Maltais (Canada)
D Mannino (USA)
S Nathan (USA)

| Pavord (UK)

F Ratjen (Canada)
J Scullion (UK)

J Simpson (UK)

M Steiner (UK)

A Torres (Spain)

Z Udwadia (India)
D Warburton (USA)
M Whyte (UK)
President, British Thoracic
Society

Rachael Moses

Publisher
Claire Rawlinson

Associate Publisher

Henry Spilberg

Guidelines for Authors and
Reviewers

Full instructions are available online
at http://thorax.bmj.com/pages/
authors/. Articles must be submitted
electronically https:/mc.
manuscriptcentral.comythorax. Authors
retain copyright but are required to
grant Thorax an exclusive licence to
publish https://thorax.bmj.com/pages/
authors/

Aims and Scope: Thorax aims to cover all areas of
respiratory medicine from paediatric to adults through
publishing original papers, systematic reviews and
meta-analyses, trial protocols, state of the art reviews,
invited editorials, case-based discussions and images.
The priorities are originality, rigour and excellence.

Editors-in-Chief
M Griffiths (UK)
C 0'Kane (UK)
J Quint (UK)

Deputy Editors

A Bottle (UK)

R Chambers (UK)

M Shankar-Hari (UK)

C Wainwright (Australia)

Associate Editors
M Bafhadel (UK)

D Baldwin (UK)

B Blackwood (UK)
K Blythe (UK)

HJ Bogaard (The Netherlands)
F Brimms (Australia)
B Connolly (UK)
GJ Criner (USA)

C Dean (UK)

D Dockrell (UK)

A Floto (UK)

J Honda (USA)

N Hopkinson (UK)
D Jackson (UK)

C Janson (Sweden)
G Kaltsakas (UK)
D Kiely (UK)

B Kirenga (Uganda)
M Knauert (UK)

0 M Kon (UK)

G Lee (Australia)

W Lenney (UK)

M Loebinger (UK)

| Mudway (UK)

M Nikolic (UK)

J Park (UK)

J-L Pepin (France)

M Polkey (UK)

J Porter (UK)

R Riha (UK)

L Rose (UK)

J Rylance (UK)

S Saglani (UK)

E Sapey (UK)

M Sauler (USA)
C Scotton (UK)

A Shah (UK)

S Singh (India)

R Stevens (USA)
M Toshner (UK)
K Verhamme (Netherlands)
P Wark (Australia)

Guidelines Associate Editor
| Du Rand (UK)

Statistical Editors

A Douiri (UK)

E Gecili (USA)

M Taghavi Azar Sharabiani (USA)
S Stanojevic (USA)

| Stewart (UK)

R Szczesniak (USA)

Y Wang (UK)

Journal Club Editor
P Murphy (UK)

Social Media Editors
K Diomede (UK)
P Mehta (UK)

Education Editors
J Park (UK)
S Chaterjee (USA)

Multimedia Editor
Nick Hopkinson (UK)

Thorax is published monthly (subscribers receive all supplements)

Institutional Personal
Rates 2025 Rates 2025
Print Print (includes online access at
£1019 no additional cost)
- £422
Online -
Site licences are priced on Online only
FTE basis and.allo'w access £227
by the whole institution. ISSN 0040-6376 (print)

Details available online at
http://www.bmj.com/company/
bmj-for-institutions/ or

contact Subscription

(see above right).

ISSN 1468-3296 (online)

Personal print or online only and institutional print subscriptions may be
purchased online at http://thorax.bmj.com/pages/subscribe/

(payment by (MasterCard/Visa only).

Residents of some EC countries must pay VAT; for details call us or visit
http://www.bmj.com/company/eu-vat-rates/

Contact Details

Editorial Office

Thorax, BMJ Journals, BMA House, Tavistock
Square, London, WC1H 9JR, UK

E: thorax@bmj.com

Twitter: @ThoraxBMJ

British Thoracic Society

17 Doughty Street, London WC1N 2PL, UK
T. +44 (0)20 7831 8778

E: bts@brit-thoracic.org.uk

W: https://www.brit-thoracic.org.uk/

Customer Support

For general queries and support with subscriptions:
T: +44 (0)20 7111 1105

E: support@bmj.com

W: https://myaccount.bmj.com/myaccount/
customerservice/support-home.html

Self-archiving and permissions

E: bmj.permissions@bmj.com

W: bmj.com/company/products-services/
rights-and-licensing/

Advertising
W: bmj.com/company/for-advertisers-
and-sponsor/

Display Advertising ROW
Sophie Fitzsimmons

T. +44 (0)20 3655 5612

E: sfitzsimmons@bmj.com

Online Advertising ROW
Mare Clifford

T: +44 (0)20 3655 5610
E: melifford@bmj.com

Display & Online Advertising Sales Americas
American Medical Communications (AMC)

T +1973 214 4374

E: rgordon@americanmedicalcomm.com

Author Reprints
BMJ Reprints Team
E: admin.reprints@bmj.com

Commercial Reprints ROW
Nadia Gurney-Randall

M: +44 (0)7866 262344

E: ngurneyrandall@bmj.com

Commercial Reprints Americas

Ray Thibodeau

T: +1 267 895 1758

M: +1 215933 8484

E: ray.thibodeau@contentednet.com

Production Editor
Tasnia Nizam
E: production.thorax@bmj.com

For all other journal contacts:
https://thorax.bmj.com/pages/contact-us/



Editorial

Com o verao a chegar, estamos de novo com 0s nossos leitores para apresentar mais um nimero com artigos selecionados das
revistas Thorax e Archives of Disease in Childhood.

Nesta edi¢do da Revista, chamamos a sua atengdo para alguns artigos.

O primeiro é um artigo de revisao cujo objetivo foi avaliar a seguranga do uso de curto prazo do salbutamol inalado em criangas
com menos de dois anos com sibildncia aguda. As principais conclusées sdo que o salbutamol inalado pode ser usado com segu-
ranga em criangas com menos de dois anos com sibilancia aguda, sendo que a administragio através de um inalador pressurizado
pode ser potencialmente mais segura do que a formulacdo nebulizada, nenhuma das formulag¢des tendo sido associada a efeitos
adversos graves.

O segundo artigo, “Eficacia dos centros de asma pedidtricos: um estudo clinico piloto”, apresenta um estudo piloto incluindo crian-
cas e jovens entre 4 e 17 anos encaminhados para o centro com asma néo controlada ou apds uma crise de asma, com o objetivo
de investigar a viabilidade e eficacia desses centros, fornecendo avaliagdes pds-crise, educagiao sobre asma, testes diagnosticos de
fungdo pulmonar e otimizacdo do tratamento. Apos avaliar 312 criangas e jovens, o estudo conclui que os centros de asma pedi-
atricos sdo um modelo vidvel de atendimento para proporcionar avaliagdes pds-crise asmatica e identificar doentes de alto risco
que necessitam de tratamento adicional, tendo a espirometria, a prova de reversibilidade ao broncodilatador e a avaliagdo do FeNO
permitido a confirmagdo diagnostica numa proporgio significativa das situagdes.

No artigo seguinte, “Sindrome da apneia obstrutiva do sono e risco futuro de deméncia entre individuos acompanhados na pratica
clinica geral do Reino Unido’, os autores tiveram como objetivo determinar o risco de deméncia em individuos com e sem apneia
obstrutiva do sono (SAOS). Os dados foram extraidos dos registos eletronicos de 2,3 milhdes de adultos (=18 anos) do Clinical
Practice Research Datalink, um banco de dados nacionalmente representativo de registos eletronicos de cuidados de satide prima-
rios no Reino Unido. A principal conclusio foi que o SAOS esta associada a maiores riscos de deméncia por todas as causas e algu-
mas de suas subcategorias, sendo necessarios mais estudos para avaliar os beneficios clinicos da triagem para comprometimento
cognitivo em pessoas com SAOS e para determinar melhor o impacto do CPAP no declinio cognitivo e no risco de deméncia.
Por ultimo, no artigo “Disponibilidade, custo e acessibilidade de medicamentos essenciais para a cessagdo do tabagismo em paises
de baixo e médio rendimento: um estudo transversal”, foram recolhidos dados transversais sobre medicamentos para a cessagio
tabdgica em farmadcias, unidades de satide e armazéns centrais de medicamentos em 60 paises de baixo e médio rendimento (LMIC),
tendo-se verificado que os medicamentos apresentavam uma disponibilidade variavel, grandes intervalos de pregos e eram essen-
cialmente inacessiveis, sendo considerado fundamental garantir o acesso a esses medicamentos para reduzir o consumo de tabaco
e as doengas associadas. Sdo igualmente necessarias estratégias para integrar os servigos de cessagao tabagica nos sistemas de satide,
a fim de alcangar as metas dos Objetivos de Desenvolvimento Sustentavel.

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 sugestoes de artigos.

Jaime Correia de Sousa
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RILTRAVA

AEROSPHERE®
(fumarato de formoterol, glicopirrénio,
budesonida) Aerossol para inalacao

TRAVA
antes que
seja tarde

BEVESPI
AEROSPHERE"

de
Suspenséo Pressurizada para Inalagsio

DPOC, doenca pulmonar obstrutiva crénica

Referéncias: 1. Riltrava Aerosphere 5 microgramas,/7,2 microgramas/160 microgramas, suspensdo pressurizada para inalacdo [Resumo das Caracteristicas do Medicamento]. AstraZeneca AB, SE-151
85 Sodertalje Suécia; outubro 2023. Acedido em www.infarmed.pt em novembro 2023. 2. Bevespi Aerosphere 5 microgramas/7,2 microgramas, suspensao pressurizada para inalacdo [Resumo das
Caracteristicas do Medicamento]. Astrazeneca AB, SE-15185 Sodertélje Suécia; setembro 2023. Acedido em www.infarmed.pt em novembro 2023. 3. Ho TW, Tsai YJ, Ruan SY, Huang CT, Lai F, Yu CJ.
In-Hospital and One-Year Mortality and Their Predictors in Patients Hospitalized for First-Ever Chronic Obstructive Pulmonary Disease Exacerbations: A Nationwide Population-Based Study. Bai C,
editor. PLoS ONE. 2014 Dec 9;9(12):e114866.

Informagdes essenciais compativeis com o Resumo das Caracteristicas do Medicamento

Bevespi Aerosphere 7,2 microgramas/5 microgramas, suspensao pressurizada para inalagao. Cada dose (nica (dose libertada, a dose que sai do aplicador bucal) contém 9 microgramas de
brometo de gl|cop|rr0n|o equivalente a 7,2 microgramas de glicopirrdnio, e 5 microgramas de fumarato de formoterol di- hidratado. Isto corresponde a uma dose calibrada (isto €, a dose que
sai da valvula) de 10,4 microgramas de brometo de glicopirrénio, equivalente a 8,3 microgramas de glicopirronio, e 5,8 microgramas de fumarato de formoterol di-hidratado. Indicagdes
terapéuticas: Bevespi Aerosphere é indicado como tratamento broncodilatador de manutengéo para o alivio de sintomas em doentes adultos com doencl;a pulmonar obstrutiva cronica (DPOC).
Posologia e modo de administragdo: Posologia: A dose recomendada é duas inalagdes duas vezes por dia (duas inalagdes de manha e duas inalagoes a noite). Os doentes devem ser
aconselhados a ndo fazer mais de 2 inalagOes duas vezes por dia. Se for omitida uma dose, esta deve ser tomada assim que for possivel e a dose seguinte deve ser tomada no horario habitual.
Nao deve tomar-se uma dose a dobrar para compensar uma dose esquecida. Populacoes especiais: /dosos: Nao é necessario qualquer ajuste de dose em doentes idosos. Compromisso renai:
Bevespi Aerosphere pode ser utilizado na dose recomendada em doentes com compromisso renal ligeiro a moderado. Em doentes com compromisso renal grave ou com doenca renal em fase
terminal com necessidade de didlise, s6 deve ser utilizado se o beneficio esperado for superior ao risco potencial. Compromisso hepatico: Bevespi Aerosphere pode ser utilizado na dose
recomendada em doentes com compromisso hepético ligeiro a moderado. Ndo existem dados relevantes sobre a utilizagao de Bevespi Aerosphere em doentes com compromisso hepatico grave
e 0 medicamento deve ser utilizado com precaucao nestes doentes. Populagdo pedidtrica: Nao existe utilizagao relevante de Bevespi Aerosphere em criancas e adolescentes (com idade inferior
a 18 anos) para a indicagao de DPOC. Modo de administracdo: Utilizagao por via inalatoria. /nstrugdes de utilizagdo: Ao acionar Bevespi Aerosphere, um volume de suspensao é expelido do
recipiente pressurizado a alta velocidade. Quando o doente inala através do aplicador bucal a0 mesmo tempo que aciona o inalador, a substancia segue o ar inspirado para as vias respiratorias.
Os doentes devem ser instruidos sobre a técnica de inalagdo correta. E importante instruir o doente para: Ler com atengao as instrugdes de utilizagdo no folheto informativo, que se encontra
dentro da embalagem de cada inalador. Nao utilizar o inalador se o agente exsicante, contido na bolsa de aluminio, tiver vazado da sua embalagem. Preparar o inalador agitando-o e acionando-o
quatro vezes para o ar antes da primeira utilizagao ou duas vezes quando o inalador ndo tenha sido utilizado hd mais de sete dias, tenha sido exposto a temperaturas baixas ou tenha caido. Para
obter uma deposi¢do pulmonar adequada das substancias ativas, o carregamento da dose tem de ser coordenado com a inalagdo. Doentes com dificuldade em coordenar o carregamento da
dose com a inspiragdo podem utilizar Bevespi Aerosphere com uma camara expansora para garantir a administragao adequada do produto. Foi demonstrada compatibilidade com a camara
expansora Aerochamber Plus Flow-Vu. Contraindicagdes: Hipersensibilidade as substancias ativas ou a qualquer um dos excipientes. Adveriéncias e precaugdes especiais de utilizacao: Nao
indicado para utilizacdo em situacOes agudas. Bevespi Aerosphere ndo € indicado para o tratamento de episodios agudos de broncospasmo, isto €, como terapéutica de alivio. Asma: Bevespi
Aerosphere nao deve ser utilizado no tratamento da asma. Broncospasmo paradoxal: Tal como com outra terapéutica inalatoria, a admlnlstragao deste medicamento pode resultar em
broncospasmo paradoxal, o qual pode colocar a vida em risco. Se ocorrer broncospasmo paradoxal, o tratamento com o medicamento deve ser interrompido e devem ser considerados outros
tratamentos. Efeitos cardiovasculares: Podem ser observados efeitos cardiovasculares, apos a administragao de antagonistas dos recetores muscarinicos e simpaticomiméticos, incluindo
glicopirronio ou formoterol. Bevespi Aerosphere deve ser utilizado com precaugdo em doentes com doengas cardiovasculares graves, tais como cardiopatia isquémica, taquiarritmias ou
insuficiéncia cardiaca grave. Recomenda-se também precaucdo em doentes com tirotoxicose ou com prolongamento do intervalo QTc conhecido ou suspeito. Hipocaliemia: Os agonistas B
,-adrenérgicos podem causar_hipocaliemia significativa, o que pode aumentar a suscetibilidade para arritmias cardiacas. A diminuigdo do potassm sérico é normalmente transitoria, nao
fiecessitando de suplementagdo. Em doentes com DPOC grave, a hipocaliemia pode ser potenciada por hipoxia e tratamento concomitante. Hiperglicemia: A inalagdo de doses elevadas de
agonistas [3,-adrenérgicos pode provocar o aumento da glucose plasmatica. Atividade anticolinérgica: Devido a sua atividade anticolinérgica, Bevespi Aerosphere deve ser utilizado com
precaugdo em doentes com hiperplasia da préstata sintomatica, retenFao urindria ou glaucoma de angulo fechado. Doentes com compromisso renal grave: Como o glicopirronio é excretado
predominantemente por via renal, os doentes com compromisso renal grave (depuragdo de creatinina <30 ml/min), incluindo aqueles com doenca renal em fase terminal com necessidade de
didlise, apenas devem ser tratados com Bevespi Aerosphere se 0 beneficio esperado superar o risco potencial. Doentes com compromisso hepatico grave: Em doentes com compromisso
hepatico grave, Bevespi Aerosphere so deve ser utilizado se o beneficio esperado superar o risco potencial. Estes doentes devem ser monitorizados para potenciais reagoes adversas. Interagdes
medicamentosas e outras formas de interagao: InteracGes farmacocinéticas: O potencial para interagdes metabdlicas é considerado baixo. Gomo o glicopirronio € eliminado principalmente
por via renal, podem ocorrer potencialmente interagoes com medicamentos que afetam os mecanismos de excrecdo renal. Interacdes farmacodinamicas: Qutros antimuscarinicos e
S/mpat/com/met/cos A coadministragdo de Bevespi Aerosphere com outros medicamentos contendo anticolinérgicos e/ou agonistas B,-adrenérgicos de longa duragao de agao ndo foi estudada
e nao é recomendada uma vez que poderd potenciar as reagdes adversas conhecidas dos antagonistas muscarinicos ou dos agonlstas B,-adrenergicos inalados. Nao existe evidéncia clinica de
interagGes quando utilizado concomitantemente com outros medicamentos paraa DPOC, incluindo broncodilatadores 3,-adrenérgicos de curta duragao de agao, metilxantinas e esteroides orais
e inalados. Hipocaliemia induzida por farmacos: O tratamento concomitante com derivados da metilxantina, esteroides ol diuréticos ndo poupadores de potassio pode potenciar o possivel efeito
hipocaliemico inicial dos agonistas B,-adrenérgicos, pelo que se recomenda precaugao na sua Utl|lza%10 concomitante. Blogqueadores B-adrenérgicos: Os bloqueadores B-adrenérgicos
(incluindo colirios) podem atenuar ou inibir o efeito dos agonistas ,-adrenérgicos, tal como o formoterol. O uso simultdneo de blogueadores B-adrenérgicos néo seletivos ou seletivos deve ser
evitado, a nao ser que existam razoes determinantes para a sud utilizagao. Se forem necessarios bloqueadores B-adrenérgicos (incluindo colirios), da-se preferéncia a bloqueadores
B- adrenerg|cos cardiosseletivos, embora também estes devam ser administrados com precaugdo. Outras intera I:coes farmacodinamicas: Bevespi Aerosphere deve ser administrado com
precaugdo em doentes que estejam a ser tratados com medicamentos conhecidos por prolongar o intervalo QTc. Fertilidade, gravidez e aleitamento: Gravidez: Nao existem dados sobre a
utilizagao de Bevespi Aerosphere em mulheres gravidas. Bevespi Aerosphere s6 deve ser utilizado durante a gravidez se 0s beneficios esperados superarem 0s potenciais riscos. Amamentacao:




NZo é conhecido se o glicopirrénio ou o formoterol s3o excretados no leite humano. A administragdo de Bevespi Aerosphere a mulheres que estdo a amamentar s6 deve ser considerada se o
beneficio esperado para a mae for superior a qualquer possivel risco para o bebé. Fertilidade: Considera-se pouco provavel que Bevespi Aerosphere, administrado na dose recomendada, afete
a fertilidade no ser humano. Efeitos indesejaveis: Frequentes: Ansiedade, Cefaleia, Tonturas, Boca seca, Nauseas, Espasmos musculares, Infecdo do trato urindrio, Dor toracica. Pouco
frequentes: Reagdes de hipersensibilidade, incluindo erupgao cutanea e prurido, Hiperglicemia, Agitagao, Irrequietude, Insonia, Tremor, Taquicardia, Palpitagdes, Arritmias cardiacas (fibrilhagao
auricular, taquicardia supraventricular e extra-sistoles), Retencdo urindria. Pede-se aos profissionais de salde que notifiquem quaisquer suspeitas de reagdes adversas através do Sitio da
internet: http:/www.infarmed.pt/web/infarmed/submissaoram (preferencialmente) ou através dos seguintes contactos: Direcdo de Gestdo do Risco de Medicamentos: (Tel.: +351217987373;
Linha do Medicamento: 800222444 (gratuita), E-mail: farmacovigilancia@infarmed.pt). Titular da Autorizacao de Introdugio no Mercado: AstraZeneca AB, SE-151 85 Sddertdlje, Suécia.
Representante local do Titular da Autorizagao de Introdugao no Mercado: Tecnimede - Sociedade Técnico-Medicinal, S.A., Rua da Tapada Grande, n.” 2, Abrunheira, 2710-089 Sintra.
Informac@es revistas em outubro 2023. Para mais informagdes devera contactar o representante local do Titular da Autorizagao de Introdugéo no Mercado. Medicamento sujeito a receita
médica. Medicamento comparticipado pelo Escaldo B (69% de comparticipacado no regime geral e 84% de comparticipacao no regime especial). Versao 2.0 (outubro 2023).

Informagdes essenciais compativeis com o Resumo das Caracteristicas do Medicamento

Riltrava Aerosphere 5 microgramas/7,2 microgramas/160 microgramas, suspensao pressurizada para inalagao. Cada dose Unica (dose libertada que sai do aplicador bucal) contém 5 g de fumarato
de formoterol di-hidratado, 9 pig de brometo de glicopirronio, equivalente a 7,2 pg de glicopirrnio e 160 pg de budesonida. Isto corresponde a uma dose calibrada de 5,3 pg de fumarato de formoterol
di-hidratado, 9,6 g de brometo de glicopirrénio, equivalente a 7,7 pg de glicopirronio e 170 pg de budesonida. Indicagdes terapéuticas: Riltrava Aerosphere é indicado como tratamento de manutencéo
em doentes adultos com DPOC moderada a grave, que ndo estdo adequadamente tratados com uma associagdo de um corticosteroide inalado e um agonista beta2 de longa duragao de agéo ou uma
associagdo de um agonista beta2 de longa duragdo de agéo e um antagonista muscarinico de longa duragéo de ag&o. Posologia e modo de administragao: Posologia: A dose recomendada e méaxima ¢ de
2 inalagOes 2x/dia (2 inalagbes de manha e 2 inalagdes a noite). Se for omitida uma dose, esta deve ser tomada assim que for possivel e a dose seguinte deve ser tomada no hordrio habitual. Nao se deve
tomar uma dose a dobrar para compensar uma dose esquecida. Populacdes especiais: /dosos: Nao é necessario qualquer ajuste de dose em doentes idosos. Compromisso renal: Este medicamento pode
ser utilizado na dose recomendada em doentes com compromisso renal ligeiro a moderado. Pode também ser utilizado na dose recomendada em doentes com compromisso renal grave ou com doenca
renal em fase terminal com necessidade de diélise, apenas se o beneficio esperado for superior ao risco potencial. Compromisso hepatico: Este medicamento pode ser utilizado na dose recomendada em
doentes com compromisso hepético ligeiro a moderado. Pode também ser utilizado na dose recomendada em doentes com compromisso hepético grave, 0 medicamento deve ser utilizado apenas se o
beneficio esperado for superior ao risco potencial. Populacéo pediatrica: Nao existe utilizacdo relevante deste medicamento em criangas e adolescentes (com idade inferior a 18 anos) para a indicagéo da
DPOC. Modo de administracgo: Para utilizag&o por via inalatoria. /nstrugdes de utilizagao: De forma a assegurar uma administragéo correta do medicamento, 0 médico ou outro profissional de satide deve
demonstrar ao doente como utilizar corretamente o inalador, e deve monitorizar regularmente a técnica de inalagéo do doente. O doente deve ser aconselhado a ler com atencao o Folheto Informativo e seguir
as instrugdes de utilizacéo conforme indicado no mesmo. Ao acionar Riltrava Aerosphere, um volume de suspenséo é expelido do recipiente pressurizado. Quando o doente inala através do aplicador bucal
a0 mesmo tempo que aciona o inalador, a substancia segue o ar inspirado para as vias respiratorias. Os doentes que tém dificuldade em coordenar o acionamento com a inalagdo podem utilizar Riltrava
Aerosphere com uma cdmara expansora para garantir a administracao adequada do medicamento. Pode ser utilizado com camaras expansoras incluindo o Aerochamber Plus FlowVu. Contraindicacdes:
Hipersensibilidade as substéncias ativas ou a qualquer um dos excipientes. Adverténcias e precaugdes especiais de utilizagao: Ndo indicado para utilizacdo em situacdes agudas. Este medicamento ndo
¢ indicado para o tratamento de episodios agudos de broncospasmo, isto €, como terapéutica de alivio. Broncospasmo paradoxal: A administracdo de formoterol/glicopirrénio/budesonida pode produzir
broncospasmo paradoxal com sibilos e dispneia imediatamente apds a administracéo e pode ser potencialmente fatal. O tratamento com este medicamento deve ser imediatamente interrompido se ocorrer
broncospasmo paradoxal. O doente deve ser avaliado e instituido tratamento alternativo, se necessario. Deterioracdo da doenca: Recomenda-se que o tratamento com este medicamento ndo seja
interrompido abruptamente. Se os doentes ndo considerarem o tratamento eficaz, devem manter o tratamento, mas tem de se procurar aconselhamento médico. O aumento da utilizagdo de
broncodilatadores de alivio indica um agravamento do quadro clinico subjacente e justifica uma reavaliacao da terapéutica. A deterioragdo rapida e progressiva nos sintomas da DPOC é potencialmente fatal
e 0 doente deve ser submetido a avaliacao médica urgente. Efeitos cardiovasculares: Podem ser observados efeitos cardiovasculares, tais como arritmias cardiacas, p.ex. fibrilhacéo auricular e taquicardia,
apos a administracdo de antagonistas dos recetores muscarinicos e simpaticomiméticos, incluindo glicopirrénio e formoterol. Este medicamento deve ser utilizado com precaugdo em doentes com doenca
cardiovascular grave ndo controlada e clinicamente significativa, tal como cardiopatia isquémica instével, enfarte agudo do miocardio, cardiomiopatia, arritmias cardiacas, e insuficiéncia cardiaca grave.
Recomenda-se também precaugdo ao tratar doentes com prolongamento do intervalo QTc (QTc> 450 milissegundos para homens ou > 470 milissegundos para mulheres), conhecido ou suspeito, quer seja
congeénito ou induzido por medicamentos. Efeitos sistémicos com corticosteroides: Podem ocorrer efeitos sistémicos com qualquer corticosteroide inalado, particularmente em doses elevadas prescritas por
longos periodos de tempo. Estes efeitos sdo muito menos provaveis de ocorrer com o tratamento por inalagéo do que com corticosteroides orais. Os efeitos sistémicos possiveis incluem sindrome de Cushing,
manifestagdes Cushingoides, supresséo suprarrenal, diminuigdo da densidade mineral 0ssea, cataratas e glaucoma. Devem ser considerados efeitos potenciais na densidade dssea especialmente com a
administragdo de doses elevadas durante longo periodo de tempo em doentes com fatores de risco coexistentes para osteoporose. Perturbacdes visuais: Podem ser notificadas perturbagdes visuais com a
utilizagdo sistémica e topica de corticosteroides. Se um doente apresentar sintomas tais como viséo turva ou outras perturbacdes visuais, o doente deve ser encaminhado para um oftalmologista para
avaliacao de possiveis causas que podem incluir cataratas, glaucoma ou doencas raras, tais como CRSC, que foram notificadas apds a utilizagéo de corticosteroides sistémicos e topicos. Transferéncia de
terapéutica oral: Recomenda-se atencao especial nos doentes que fazem a transicao de esteroides orais, uma vez que podem continuar em risco de compromisso da funcéo suprarrenal durante um periodo
de tempo consideravel. Os doentes que necessitam de terapéutica com doses elevadas de corticosteroides ou tratamento prolongado com a dose mais elevada recomendada de corticosteroides inalados,
podem estar igualmente em risco. Estes doentes podem apresentar sinais e sintomas de insuficiéncia suprarrenal quando expostos a stress grave. Deve ser considerada cobertura adicional com
corticosteroides sistémicos durante periodos de stress ou cirurgia eletiva. Pneumonia em doentes com DPOC: Tem sido observado um aumento na incidéncia de pneumonia, incluindo pneumonia que requer
hospitalizacdo, nos doentes com DPOC a receberem corticosteroides inalados. Existe alguma evidéncia de risco aumentado de pneumonia com o aumento da dose de esteroide, néo tendo sido demonstrado
de forma conclusiva nos diversos estudos. N&o existe evidéncia clinica conclusiva para diferencas dentro da mesma classe na magnitude do risco de pneumonia entre os medicamentos contendo
corticosteroides inalados. Os médicos devem continuar alerta para o possivel desenvolvimento de pneumonia em doentes com DPOC pois as caracteristicas clinicas de tais infecoes sobrepdem-se aos
sintomas das exacerbacdes da DPOC. Os fatores de risco para pneumonia em doentes com DPOC incluem tabagismo atual, idade avancada, IMC baixo e DPOC grave. Hipocaliemia: A hipocaliemia
potencialmente grave pode resultar da terapéutica com agonistas-$3,. Estes tém o potencial de produzir acontecimentos cardiovasculares adversos. Recomenda-se precaucao especial na DPOC grave, pois
esse efeito pode ser potencializado pela hipoxia. A hipocaliemia também pode ser potencializada pelo tratamento concomitante com outros medicamentos que podem induzir hipocaliemia, tais como
derivados de xantinas, esteroides e diuréticos. Hiperglicemia: A inalagéo de doses elevadas de agonistas B,-adrenérgicos pode provocar o aumento da glucose plasmatica. A glicemia deve ser monitorizada
durante o tratamento de acordo com as orientacdes estabelecidas para doentes com diabetes. Condicoes coexistentes: Este medicamento dever ser utilizado com precaucdo em doentes com tiratoxicose.
Atividade anticolinérgica: Devido a sua atividade anticolinérgica, este medicamento deve ser utilizado com precaugao em doentes com hiperplasia da préstata sintomatica, retencéo urindria ou glaucoma de
angulo fechado. Os doentes devem ser informados sobre os sinais e sintomas do glaucoma de angulo fechado e devem ser informados para interromper a utilizagdo deste medicamento e contactarem o
seu médico imediatamente, caso algum destes sinais ou sintomas se desenvolvam. Ndo é recomendada a administragdo concomitante deste medicamento com outros medicamentos contendo
anticolinérgicos. Compromisso renal: Como o glicopirrnio € excretado predominantemente por via renal, os doentes com compromisso renal grave (depuracéo de creatinina <30 ml/min), incluindo aqueles
com doenca renal em fase terminal com necessidade de didlise, apenas devem ser tratados com este medicamento se o beneficio esperado superar o risco potencial. Compromisso hepético: Em doentes
com compromisso hepatico grave, este medicamento s6 deve ser utilizado se o beneficio esperado superar o risco potencial. Estes doentes devem ser monitorizados para potenciais reacoes adversas.
Interagdes medicamentosas e outras formas de interagdo: InteracGes farmacocinéticas: Prevé-se que o tratamento em associacdo com inibidores potentes do CYP3A, por exemplo itraconazol,
cetoconazol, inibidores de protéase do VIH e medicamentos que contém cobicistate, aumente o risco de efeitos indesejaveis sistémicos, e deve ser evitado, a ndo ser que 0 beneficio seja superior ao risco
aumentado de reacdes adversas aos corticosteroides sistémicos, nesse caso os doentes devem ser monitorizados para reacdes adversas aos corticosteroides sistémicos. Este facto é de relevancia clinica
limitada em tratamentos de curta durac&o (1-2 semanas). Como o glicopirrénio é eliminado principalmente por via renal, podem ocorrer potencialmente interagbes medicamentosas com medicamentos que
afetam os mecanismos de excrecao renal. Interacdes farmacodinamicas: Outros antimuscarinicos e simpaticomimeéticos. A administragdo concomitante deste medicamento com outros medicamentos
contendo anticolinérgicos e/ou agonistas (3,-adrenérgicos de longa duragao de agao nao foi estudada e ndo é recomendada uma vez que podera potenciar as reagdes adversas conhecidas dos antagonistas
muscarinicos ou dos agonistas (3,-adrenergicos inalados. A utilizagéo concomitante de outros medicamentos beta-adrenérgicos pode ter efeitos potencialmente aditivos; portanto € necessario precaugdo
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doentes que sdo tratados com glicosideos digitalicos. Blogueadores 3-adrenérgicos: Os bloqueadores [3-adrenérgicos (incluindo colirios) podem atenuar ou inibir o efeito do formoterol. 0 uso simultaneo de
bloqueadores B-adrenérgicos deve ser evitado, a ndo ser que o beneficio esperado ultrapasse o risco potencial. Se forem necessarios bloqueadores B-adrenérgicos, da-se preferéncia a bloqueadores
{B-adrenérgicos cardiosseletivos. Outras interagoes farmacodindmicas. O tratamento concomitante com quinidina, disopiramida, procainamida, anti-histaminicos, inibidores da monoamina oxidase,
antidepressivos triciclicos e fenotiazinas pode prolongar o intervalo QT e aumentar o risco de arritmias ventriculares. Além disso, L-dopa, L-tirosina, oxitocina e alcool podem prejudicar a tolerancia cardiaca
aos beta2-simpaticomiméticos. O tratamento concomitante com inibidores da monoamina oxidase, incluindo medicamentos com propriedades semelhantes como furazolidona e procarbazina, pode dar
origem a reages hipertensivas. Existe um risco elevado de arritmias em doentes a receberem anestesia concomitante com hidrocarbonetos halogenados. Fertilidade, gravidez e aleitamento: A
administragéo deste medicamento a mulheres gravidas so deve ser considerada se o beneficio esperado para a mée justificar o potencial risco para o feto. A administragao deste medicamento a mulheres
que estdo a amamentar so deve ser considerada se o beneficio esperado para a mae for superior a qualquer possivel risco para a crianga. Considera-se pouco provavel que este medicamento administrado
na dose recomendada, afete a fertilidade no ser humano. Efeitos indesejaveis: Frequentes: Candidiase oral; Pneumonia; Hiperglicemia; Ansiedade; Insonia; Cefaleia; Palpitages; Disfonia; Tosse; Nauseas;
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sistémicos de glucocorticoides, por exemplo supressao suprarrenal; Comportamento anormal. Desconhecido: Angioedema; Visdo turva; Cataratas; Glaucoma. Pede-se aos profissionais de salde que
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Seguranca do salbutamol em criancas menores de 2
anos com sibilancia aguda: uma meta-analise de
ensaios clinicos randomizados

Luca Pierantoni," Edoardo Muratore,? Sara Cerasi,2 Daniele Zama,'* Chiara Del Bono,* Davide

Gori,> Riccardo Masetti, 2> Marcello Lanari'?

RESUMO

Objetivo: Avaliar a sequranca do uso de curto prazo do
salbutamol inalado em criancas com menos de 2 anos
com sibilancia aguda.

Fontes de dados Foram pesquisadas bases de dados
eletronicas (PubMed, Trip, MEDLINE) e a Biblioteca
Cochrane para estudos publicados até outubro de 2022.
Selecdo do estudo A pesquisa foi restrita a ensaios cli-
nicos randomizados publicados em inglés sobre a segu-
ranca do salbutamol inalado em criancas com menos de
2 anos com sibilancia.

Extracéo e sintese de dados A estratégia de pesquisa
na literatura resultou em 3532 referéncias. A meta-ana-
lise foi conduzida de acordo com as diretrizes PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses).

Principais desfechos e medidas A incidéncia de rea-
cdes adversas associadas a administracdo de salbutamol
inalado em comparagao com placebo.

Resultados Foram incluidos 24 estudos. Em 7 estudos
envolvendo 597 doentes, o salbutamol inalado foi com-
parado com controlos, e nao foi encontrada diferenca
estatisticamente significativa na incidéncia de reacdes
adversas entre os dois grupos (OR 2,12, IC 95% 0,69
a 6,51; p=0,19). A administracdo de salbutamol por
nebulizacao foi associada a um aumento na incidéncia
de reacbes adversas (OR 6,76, IC 95% 2,01 a 22,71;
p=0,002). Nenhum dos estudos relatou efeitos colaterais
cardiacos graves que exigissem retirada do estudo apés a
administracao de salbutamol. Apenas um estudo relatou
um efeito colateral néo cardiaco significativo (tremores
severos) que exigiu interrupcdo da terapia.

Conclusdes O salbutamol inalado pode ser usado com
seguranca em criancas com menos de 2 anos com sibi-
lancia aguda, sendo que a administragdo via inalador de
dose medida pode ser potencialmente mais sequra do que
a formulacdo nebulizada. Nenhuma das formulacdes 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.'
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.” 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.>*On
the other hand, the role of bronchodilators in bron-
chiolitis, which typically affects children younger
than 2 years, is controversial.' ¢ In the past, a thera-
peutic attempt with salbutamol was very common
in children older than 6 months with a family

What is know about this topic

» Salbutamol 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

»In 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

»Inhaled 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.

history of atopy or asthma’ but this practice is no
longer recommended.' ¢ 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.>*

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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Table 1 Summary of included studies. Quality assessed using the Cochrane tool for randomised controlled trial*
Data collection  Patients’
Reference (first date/enrolment age Total n of Quality
author and year) Country  Study design, period (months)  patients Intervention and control group assessment
Anil, 2010% Turkey RCT. Nov 2005-March  1.5-24 186 Group 1: 1.5mg epinephrine+0.9% NaCl two times aday ~ Some concerns
Double blind. 2006 (n=38).
Group 2: 1.5mg epinephrine+3% NaCl two times a day
(n=39).
Group 3: 2.5mg NEB salbutamol+0.9% NaCl two times a
day (n=36).
Group 4: 2.5mg NEB salbutamol+3% NaCl two times a day
(n=36).
Group 5: 0.9% NaCl (n=37).
Bertrand, 2001""  Chile RCT. May 1994-Sept  1-12 30 Intervention: NEB salbutamol 2.5 mg every 2—4 hours Some concerns
Double blind. 1994 (n=14).
Control: NEB epinephrine 0.5 mg every 2-4 hours (n=16).
Cengizlier, 1997*  Japan RCT. NA 6-24 31 Intervention 1: MDI-S (coffee cup) salbutamol two puffs High risk
No blinding. (100 ug=1puff) every 3 hours (n=12).
Intervention 2: Oral salbutamol 0.1 mg/kg per dose, four
times a day (n=11).
Control: No bronchodilator (n=8).
Delgado, 2003 USA RCT. Aug 1995-Dec 2-24 168 Intervention: MDI-S salbutamol three puffs (90 ug per puff) High risk
Double blind. 1996 followed by NEB 0.9% NaCl (n=83).
Control: MDI-S placebo followed by NEB salbutamol
0.15mg/kg (n=85).
Dobson, 1998%  USA RCT. Dec 1995-March  0-24 52 Intervention: NEB salbutamol 1.25mg for <10kg, 2.5mg  Some concerns
Double blind. 1996 for >10kg every 2 hours in the first 24 hours, then every
4hours for 48 hours (n=23).
Control: NEB 0.9% NaCl (n=29).
Gadomski, 1994*"  Egypt RCT. Feb 1990-Dec 0-18 64 Intervention: NEB salbutamol 0.15mg/kg two times a day. ~ Some concerns
Double blind. 1992 Control: NEB NaCl.
Intervention 2: Oral salbutamol 0.15mg/kg per dose, once.
Control 2: Oral placebo.
Gadomski, 1994°°  USA RCT. NA 0-15 93 Intervention 1: NEB salbutamol 0.15mg/kg two times a Some concerns
Double blind. day (n=22).
Control 1: NEB 0.9% NaCl two times a day (n=22).
Intervention 2: Oral salbutamol 0.15 mg/kg (n=19).
Control 2: Oral NaCl (n=24).
Hedrick, 2009*' USA RCT. NA 0-24 86 Intervention 1: MDI-S salbutamol 90 g 3/day for 4weeks ~ Some concerns
Double blind. (n=29).
Control 1: Placebo 3/day for 4weeks (n=28).
Intervention 2: MDI-S salbutamol 180 pg 3/day for 4weeks
(n=29).
Control 2: Placebo 3/day for 4 weeks (n=28).
Ho, 19917 Australia  RCT. NA 3 weeks—6 21 Intervention: NEB salbutamol followed by 0.9% NacCl High risk
Double blind. months (n=13).
Cross over. Control: NEB 0.9% Nacl followed by salbutamol (n=8).
John, 2006"° India RCT. Feb 2003-Aug 2-24 30 Intervention: NEB salbutamol 0.15mg/kg for three times in  Some concerns
No blinding. 2004 1 hour and then hourly (n=15).
Control: NEB epinephrine 1:1000 (0.5 mL/kg max 2.5 mL)
for three times in 1 hour, then hourly (n=15).
John, 2010 India RCT. May 2006-May 260 60 Intervention: NEB salbutamol 0.15mg/kg for three times ~ Some concerns
No blinding. 2008 (n=30).
Control: NEB epinephrine (1:1000, 0.5 mL/kg) for three
times (n=30).
Kaashmiri, 2010°”  USA RCT. NA 0-24 87 Intervention: MDI-S salbutamol 180 pg (n=43). Some concerns
Double blind, Control: MDI-S salbutamol 360 pg (n=44).
parallel group.
Klassen, 1991*  Canada RCT. Nov 1988-April  1-21 83 Intervention: NEB salbutamol 0.10mg/kg two times a day ~ Some concerns
Double blind. 1990 (n=42).
Control: NEB 0,9% NaCl two times a day (n=41).
Kose, 2014% Turkey RCT. Oct2012-March  1-24 56 Group 1: NEB salbutamol 0.15mg/kg (n=18). Some concerns
Double blind. 2013 Group 2: NEB MgS04 150 mg (n=19).
Group 3: NEB salbutamol+MgS04 (n=19).
Langley, 2005*' Canada RCT. Nov 1999-April  1.5-24 62 Intervention: NEB salbutamol 0.75mg <6kg, 1.25 6-10kg, Some concerns
Double blind. 2002 1.5 >10mg every 1-4hours (n=31).
Control: NEB 2.25% epinephrine 0.5 mL every 1-4 hours
(n=31).
Continued
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Table 1 Continued
Data collection  Patients’
Reference (first date/enrolment age Total n of Quality
author and year) Country  Study design, period (months)  patients Intervention and control group assessment
Luo, 2010%® China RCT. Nov 2007-Feb 0-24 93 Intervention: NEB salbutamol 2.5 mg+4 mL 3% NaCl every  Some concerns
Double blind. 2008 8hours (n=50).
Control: NEB salbutamol 2.5mg+4mL 0.9% NaCl every
8hours (n=43).
Mull, 2004 USA RCT. Three consecutive  0-12 66 Intervention: NEB salbutamol 0.15mg/kg for three times ~ Some concerns
Double blind.  winters (n=32).
(1998-2000) Control: NEB epinephrine 0.9 mg/kg for three times (n=34).
Reijonen, 1995”  Finland RCT. Jan 1992-2 Nov ~ 1-24 100 Group 1: Epinephrine 0.9 mg/kg followed by 0.9% NaCl Some concerns
Double blind. 1993 (n=24).
Group 2: Salbutamol 0.15 mg/kg followed by 0.9% NacCl
(n=27).
Group 3: 0.9% NaCl followed by epinephrine 0.9mg/kg
(n=24).
Group 4: 0.9% NaCl followed by salbutamol 0.15mg/kg
(n=25).
Rubilar, 2000 Chile RCT. June 1999-Nov  1-24 123 Intervention: MDI salbutamol twp puffs (100 pg=1 puff) for High risk
Single blind. 1999 five doses (n=62).
Control: NEB salbutamol 0.25 mg/kg for three doses (n=61).
Schuh, 1990% Canada RCT. Dec 1988-April 1.5-24 40 Intervention: NEB salbutamol 0.15 mg/kg/dose for three Some concerns
Double blind. 1989 times (n=21).
Control: 0.9% NaCl solution two doses-+one salbutamol
dose (n=19).
Schweich, 1992 USA RCT. Nov 1989-March  0-24 25 Intervention: NEB salbutamol 0.15mg/kg two times a day ~ Some concerns
Double blind. 1990 (n=13).
Control: 0.9% NaCl two times a day (n=12).
Uysalol, 2017% Turkey RCT. Oct 201 1-April 2-24 378 Intervention 1: NEB salbutamol 0.15mg/kg (n=72). Some concerns
Double blind. 2012 Control 1: NEB 3% NaCl (n=77).
Intervention 2: NEB salbutamol 0.15 mg/kg (n=72).
Control 3: NEB 0.9% NaCl (n=79).
Wang, 1992% Canada RCT. 4 Jan 1988-June  2-24 62 Group 1: NEB salbutamol 0.15 mg/kg/dose+ipratropium High risk
Double blind. 1989 bromide (125 pg if <6 months, 250 yg if >6 months).
Repeat every 4 hours until discharge, max 3 days (n=17).
Group 2: NEB salbutamol+0.9% NaCl (n=14).
Group 3: NEB 0.9% NaCl+ipratropium (n=15).
Group 4: NEB 0.9% NaCl (n=16).
Yuksel, 20017 Turkey RCT. NA 0-24 29 Intervention: NEB salbutamol 0.15mg/kg, three doses High risk
Double blind. (n=13).

*NA is reported when no information was stated in the article.
t
%

Control: NEB salbutamol 0.075 mg/kg-+ipratropium bromide
(250 pg/dose) four doses (n=16).

MDI, metred-dose inhaler; MDI-S, metred-dose inhaler+spacer; MgS04, magnesium sulfate; NaCl, sodium chloride; NEB, nebulised; RCT, randomised controlled trial.

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.!’ 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.’? 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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Figure 1 Quality assessment of all the included studies assessment
was performed using V.2 of the Cochrane risk-of-bias tool for
randomised trials. Green indicates a ‘low’ risk of bias, yellow indicates
‘some concerns’, and red indicates a ‘high’ risk of bias. D1 indicates the
evaluation domain for the randomisation process; D2 denotes deviation
from intended interventions; D3 represents missing outcome data;

D4 refers to measurement of the outcome; and D5 is the selection of
reported results.

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 I statistic
which represents the percentage of variance in effect estimates at-
tributable to heterogeneity as opposed to sampling bias (chance).
A I? 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.”” 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’'*

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.”” '* 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,’”* two to
ipratropium bromide* ? and one to magnesium sulfate.? 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 studies'> '¢ > %27 2 were
deemed to have a high risk of bias while the remaining studies

were classified as having ‘some concerns’®**

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),”° * -2 or no treatment in one
study.”” Comparisons between salbutamol and other drugs were
not included in the meta-analysis.

In seven studies involving eight cohorts,**?”2-*? 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,® ** % #-3
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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Figure 2 Incidence of total adverse drug reaction between inhaled salbutamol with or without hypertonic saline 3% versus controls with or without

hypertonic saline 3%.

Trials in which salbutamol was administered through an MDI
were then removed from the quantitative synthesis. In the re-
maining five studies® 2*#°3°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 therapy? (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.’***

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.!” !
29313237-3% '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.? 3! ¥ 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 al*®) 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.

Figure 3 Incidence of total adverse drug reaction between nebulised salbutamol with or without hypertonic saline 3% versus controls with or

without hypertonic saline 3%.
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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.” 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.
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Eficacia dos centros de asma pediatricos:

um estudo clinico piloto

Ali Hakizimana,"? David K H Lo, Damian Roland,** Vinayak K Rai,? Lesley Danvers, Rachel
Rowlands,® Molla Imaduddin Ahmed,? Reeta Herzallah,? Erol A Gaillard'?

RESUMO

Contexto Criancas e jovens (CYP) com asma no Reino
Unido apresentam um risco mais elevado de desfechos
negativos em comparagdo com outros paises europeus de
alto rendimento, devido a fatores como acesso limitado
a revisdes de asma de alta qualidade, testes diagndsticos
e avaliagbes inconsistentes apds ataques asmaticos. 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 eficacia desses centros,
fornecendo avaliagGes pos-crise, educacao sobre asma,
testes diagndsticos de funcdo pulmonar e otimizacdo do
tratamento.

Métodos Estudo clinico piloto incluindo CYP entre 4 e 17
anos encaminhados para o centro com asma nao controlada
ou apos um ataque asmatico, entre novembro de 2021 e
abril de 2022. Os CYP receberam uma avaliacdo clinica estru-
turada, incluindo investigagdes diagnésticas de primeira linha
do National Institute for Health and Care Excellence (NICE),
como espirometria, reversibilidade ao broncodilatador (BDR)
e fracdo de dxido nitrico exalado (FeNO).

Resultados Dos 312 CYP encaminhados (idade média
de 8,6+3,2 anos; 42% mulheres), 266 (85,3%) compa-
receram a consulta. O tempo mediano entre o encaminha-
mento e a revisao foi de 2 dias (IQR 1-3).Trés CYP (1,1%)
estavam gravemente doentes na revisdo 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 diagnosticos
do NICE para CYP. 22% das criancas com espirometria
basal normal apresentaram >12% de BDR.

Conclusao Os centros de asma pediatricos sdo um
modelo viavel de atendimento para fornecer avaliacdes
pos-crise asmatica e identificar doentes de alto risco que
necessitam de tratamento adicional. Os testes de espiro-
metria, BDR e FeNO permitiram a confirmacéo diagndstica
em uma proporcdo 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.'~* The 2014 UK National Review of
Asthma Deaths (NRAD) highlighted that the vast
majority of CYP asthma deaths are avoidable.* The
reasons for poor outcomes in CYP with asthma
are multifactorial but include poor access to high-
quality asthma reviews,** a lack of access to first-
line objective lung function tests recommended by
the National Institute for Health and Care Excel-
lence (NICE)’ and recent European guidelines® !
and reviews after severe asthma attacks."

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?* CYP with undiagnosed
asthma are at significant risk of severe asthma at-
tacks' in addition to poorer health-related quality of
life.2

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

What is know about this topic

» UK asthma outcomes in children and
young people (CYP) are worse than in
other high-income European countries.

» The 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).

»These postattack reviews are frequently not
performed.

What this study ads

» We 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.

» We 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

» We 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.

mation Programme is committed to improving
asthma outcomes.! 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."! 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.'®

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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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.'® 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 the'” English Indices of Deprivation 2019 is-
sued by the UK Ministry of Housing, Communities and Local
Government" and distance between CYP home and asthma hub
was obtained using FreeMapTools."®

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) guidelines' 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 pg of inhaled salbutamol administered via spacer) were per-
formed according to European Respiratory Society (ERS)/ATS
standards.?

Spirometry was considered abnormal if FEV or FEV /FVC or
both were below the lower limit of normal using Global Lung
Initiative data.?! 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)? for children aged >12 years, and the
childhood ACT? for children aged 4-11 years were used to assess
asthma control. A score of 220 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,'® (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.”

Table 1 List of resources needed to run a paediatric asthma hub

One room minimum; two rooms
if disinfection of room needed

Space between patients.

Staff One staff member needed to run the
hub, additional staff needed if covering
holidays or sick days or to provide advice
or support as well as interpretation of
test if required.

Training needs: National bundle of care
for CYP with asthma eLearning tier 3
training.

Equipment:

Spirometer x 1 ARTP certificate spirometry performance
(essential) and interpretation (desirable).
FeNO equipment x 1 including test
Sensors
Pulse oximeter
Consumables:
Filters for spirometer
FeNO filters
Spacers
Placebo training inhalers
Drugs: Staff could be a nurse prescriber, or
they would need access to a prescriber.
Having the hub situated in a healthcare
facility (GP or hospital setting) is ideal.
Salbutamol for BDR testing when
CYP do not bring their own and for
emergency bronchodilation.
Access to oral corticosteroids

Access to oxygen

List of resources and additional information for each resource required to run a
paediatric asthma hub.

ARTP, Association for Respiratory Technology & Physiology; BDR, bronchodilator
reversibility; CYP, children and young people; GP, General Practitioner.

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). x* 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.

162

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

BM) Group



Table 2 Baseline characteristics of 266 children and young people
who attended their asthma hub appointment

Mean age in years (SD) 8.5(3.3)
Number of males (%) 155 (58.2)
Ethnicity
White, n (%) 130 (48.9)
Black, n (%) 13 (4.9)
Asian, n (%) 86 (32.3)
Mixed ethnicity, n (%) 19(7.1)
Other 18 (6.8)
Median distance from clinic (IQR) 2.7 (1.8-

4.2)
Median Index of Multiple Deprivation Decile (IQR) 4 (2-8)

Clinical assessment of children attending the hub (n=266)

In respiratory distress at the time of appointment, n (%) 22 (8.3)
Audible wheeze, n (%) 13 (4.9)
Median baseline O, (IQR) 97% (96-98)
Median number of attacks ever (IQR) 4(2-10)
Median number of attacks in the past year (IQR) 1(1-3)
Median number of OCS in the past year (IQR) 1(0-1.75)
Median number of A&E visits ever (IQR) 2 (1-4)
Median number of A&E visits in the past year (IQR) 1(1-2)
Median (C)ACT score 16 (13-20)

Baseline lung function results
Median FeNO in ppb (IQR) (n=125) 20 (11-44)
Mean baseline FEV, predicted (%) (SD) (n=241) 86.7 (15.4)
Mean baseline FEV, z-score (SD) -0.8(1.3)
Mean baseline FVC predicted (%) (SD) 91.3 (16.0)
Mean baseline FVC z-score (SD) —-0.5(1.4)
Mean baseline FEV,/FVC (%) (SD) 84.6 (8.8)
Mean baseline FEV,/FVC z-score (SD) -0.5(1.3)
Abnormal FEV, n (%) 66 (27.4)
Abnormal FEV,/FVC n (%) 58 (24.0)
Abnormal FEV, and FEV,/FVC n (%) 26 (10.8)

Characteristics, clinical assessment, and lung function results of the 266 patients
who attended their asthma hub appointment.

ACT, asthma control test; A&E, Accident & Emergency; FEV,, forced expiratory
volume in one second; FVC, forced vital capacity; GP, General Practitioner; OCS, oral
corticosteroids.

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
FEV, only, 58 (87.9%) had low FEV /FVC and 26 (39.4%) had low
FEV, and FEV /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
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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 235 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 212%. 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.'”
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 childrens 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.*

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,”* which was deemed cost-effective
despite not including asthma education, inhaler technique checks
or reviews of the action plan.” The level of specialist staff support-
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Figure 1

(A) Scatterplot demonstrating the spread of post-bronchodilator percentage change by age. A reference line is included at 12% to indicate

the cut-off for asthma diagnosis as per National Institute for Health and Care Excellence (NICE) guidelines. (B) Scatterplot demonstrating the baseline
forced expiratory volume in one second (FEV,) by age, FEV, results are reported as percentage predicted. A reference line is included at 80% to
indicate abnormal spirometry. (C) Scatterplot of the ratio of forced expiratory volume in one second to the forced vital capacity (FEV1/FVC) by age.
The ratio is presented as a percentage. A reference line is included at 70% to indicate abnormal spirometry as per NICE guidance. (D) Scatterplot of
fractional exhaled nitric oxide (FeNO) results (in particles per billion) by age. A reference line is included at 35 particles per billion to indicate the cut-

off for asthma diagnosis as per NICE guidelines.

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 212%. 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 guidance® 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

Table 3 Measurement of agreement between first-line asthma
diagnostic tests

Agreement on positive

asthma diagnosis Kappa
BDR vs FEV, z-score 27.0% 0.32
BDR vs FEV,/FVC z-score 30.9% 0.14
FEV, z-score vs FEV /FVC z-score 25.9% 0.23
FeNO vs BDR 32.5% -0.09
FeNO vs FEV, z-score 28.9% 0.07
FeNO vs FEV,/FVC z-score 20.2% -0.04

Measurement of agreement using Cohen’s Kappa Coefficient between positive BDR
spirometry=12%, abnormal baseline spirometry (below lower limit of normal) and
FeNO (=35 ppb) as per NICE guidelines.

BDR, bronchodilator reversibility; FEV,, forced expiratory volume in one second;
FVC, forced vital capacity; NICE, National Institute for Health and Care Excellence.

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.

Table 4 Comparison of lung function test results between GP and
hospital referrals

GP (n=67) Hospital (n=199) P value
Median FeNO (IQR) 18 (8.75-36) 22 (11-47) 0.13
Mean FEV, % predicted (SD) ~ 91.4(13.2) 85.1(16.9) 0.006
Mean FEV, z-score (SD) —0.44 (1.19) —0.98 (1.28) 0.003
Mean FVC % predicted (SD) 94.1 (12.8) 90.4 (16.9) 0.12
Mean FVC z-score (SD) —-0.27 (1.13) -0.61(1.41) 0.07
Mean FEV./FVC (SD) 87.1(8.0) 84.1(9.0) 0.02
Mean FEV,/FVC z-score (SD) ~ —0.30(1.25) —0.62 (1.24) 0.07
Acceptable baseline 61(91.0) 179 (89.9) 0.59
spirometry, n (%)
Acceptable post-bronchodilator 59 (88.1) 172 (86.4) 0.51
spirometry, n(%)
Acceptable FeNO 38 (56.7) 87 (43.7) 0.48
measurements, n (%)
Abnormal FEV1/FVC, n (%) 9(13.4) 49 (24.6) 0.05
Abnormal BDR, n (%) 22 (32.8) 51 (25.6) 0.11
Abnormal FeNO, n(%) 11 (16.4) 26 (13.1) 0.43

Lung function tests from patients referred from GP and hospital were compared and p
values were calculated using an independent t-test for parametric data and a Mann-Whitney
U test for non-parametric continuous data. x> test was used for categorical data.

BDR, bronchodilator reversibility; FEV,, forced expiratory volume in one second; FVC, forced
vital capacity.
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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,'* 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’* 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.”

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,'*?® 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.?®

This is particularly pertinent given the recently published draft
NICE/BTS/SIGN guideline® 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 235 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 FEV , 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.®

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-
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port the need for postattack reviews and help inform the design
and implementation of asthma hubs in the UK.

X Damian Roland @damian_roland
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Life's Essential 8 e os riscos de mortalidade e
morbidade cardiovascular em individuos com PRISm e

suas associagoes com trajetdrias de transicao do PRISm
Yang Geng," Yi Ding,? Xujia Lu," Yalong Pei,' Matthew D Jankowich,** Chaofu Ke'

RESUMO

Contexto Embora a morbilidade e mortalidade sejam
reportadamente aumentadas em individuos com espi-
rometria comprometida com razao preservada (PRISm),
pouco se sabe sobre como otimizar a satde relacionada
ao PRISm.

Objetivos O Life's Essential 8 (LE8) estd associado a mor-
talidade e morbilidade cardiovascular em individuos com
PRISm e as trajetérias de transicao do PRISm?

Métodos Foram incluidos participantes com PRISm (n=31
943) com dados completos sobre LE8 e 23 179 individuos
com duas medicdes espirométricas do UK Biobank. O LE8
foi criado com oito componentes de salde, gerando uma
pontuacdo de 0 a 100. Modelos de riscos proporcionais
de Cox foram utilizados para avaliar associacées do LE8
com morbilidade cardiovascular e mortalidade por todas as
causas, cardiovascular e respiratéria. Modelos de regresséo
logistica multinomial foram conduzidos para avaliar asso-
ciacOes entre LE8 e trajetdrias de transicao do PRISm.
Resultados Entre os participantes com PRISm, 3113
(9,75%), 25 254 (79,06%) e 3576 (11,19%) foram
categorizados como pontuacdo 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 doenca cardiovascular (HR:
2,702, 1C 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 respiratoria (4,103, 1,866 a 9,020).
Individuos com pontuacdo baixa no LE8 (vs LE8 alto) tive-
ram maiores probabilidades de transicdo da espirometria
normal para PRISm (OR: 2,238, IC 95% 1,638 a 3,057)
e menores probabilidades de transicao de PRISm para
espirometria normal (OR: 0,506, IC 95% 0,339 a 0,757).
Conclusao Uma pontuacdo mais baixa no LE8 foi asso-
ciada a riscos aumentados de morbilidade cardiovascular
e mortalidade por todas as causas, cardiovascular e res-
piratéria em PRISm. Uma pontuacdo mais baixa no LE8
também esteve relacionada a uma maior probabilidade
de desenvolvimento de PRISm e menor probabilidade de
recuperacao 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 (FEV ) less than 80% predicted
and a preserved FEV /forced vital capacity (FVC)
ratio, is a newly identified spirometry pattern af-
fecting 6.6%-17.6% of the general population.
An increasing number of recent studies have sug-
gested that this subpopulation is at increased risks
of cardiovascular and respiratory morbidity and
mortality.* ' Furthermore, evidence has shown
that individuals with PRISm could go on to de-

WHAT IS ALREADY KNOWN
ON THIS TOPIC

»Life’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

> A lower LE8 score was associated with
higher risks of cardiovascular disease and
all-cause, cardiovascular and respiratory
mortality in individuals with PRISm.

» Participants 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

» Our 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.

velop chronic obstructive pulmonary disease or
revert to normal spirometry,'>"* 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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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).!¢
This new construct has been demonstrated to be powerful in the
prediction of all-cause mortality,'” ** cardiovascular morbidity'”
and mortality,"” and a wide variety of non-cardiovascular out-
comes®?! in the general population. However, disparities in CVH
may exist across a wide range of subpopulations,'® 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.'
Considering the inherent link between CVH and pulmonary dise-
ase,???* 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.'*'*
Given the potentially transitory nature of PRISm,'?"** 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

Figure 1

years) recruited between 2006 and 2010.** 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.®

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 FEV, 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.” 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 FEV | (%, predicted). We defined three spirometry
groups based on the spirometry at baseline: PRISm was defined as
having an FEV /FVC ratio >the lower limit of normal (LLN) and
an FEV! <80% predicted, obstructive spirometry was defined as an

Flow chart of participants selection. PRISm, preserved ratio impaired spirometry.
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FEV /FVC ratio <LLN, and normal spirometry was defined as an
FEV /FVCratio >LLN and an FEV, 280% predicted.’ 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.'® 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.”” 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 120-125), stroke (codes 160-164 and 169) and CVDs
(codes 100-199) 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: 100-199 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 FEV, 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% ClIs 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% Cls 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 (FEV /FVC 20.70 and FEV | <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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Table 1 Baseline characteristics of the PRISm group
Total High LE8 Moderate LE8 Low LE8
No. of participants 31943 3113 25254 3576
Male sex 15782 (49.41) 850 (27.30) 12697 (50.28) 2235 (62.50)
Age, y 56.94+8.09 52.78+8.34 57.37+7.99 57.54+7.54
Ethnicity
White 28956 (90.65) 2823 (90.68) 22836 (90.43) 3297 (92.20)
Mixed 132 (0.41) 3(0.10) 112 (0.44) 17 (0.48)
Asian or Asian British 1789 (5.60) 193 (6.20) 1447 (5.73) 149 (4.17)
Black or black British 553 (1.73) 35(1.12) 453 (1.79) 65 (1.82)
Other 434 (1.36) 54 (1.73) 342 (135) 38 (1.06)
Townsend score
I (least deprived) 7959 (24.92) 864 (27.75) 6461 (25.58) 634 (17.73)
Il 7955 (24.90) 802 (25.76) 6403 (25.35) 750 (20.97)
1] 7991 (25.02) 773 (24.83) 6260 (24.79) 958 (26.79)
\% 7998 (25.04) 668 (21.46) 6102 (24.16) 1228 (34.34)
Education status
College or university degree 9948 (31.14) 1430 (45.94) 7774 (30.78) 744 (20.81)
NVQ or HND or HNC or equivalent 2248 (7.04) 122 (3.92) 1838 (7.28) 288 (8.05)
Other professional qualifications 1736 (5.43) 135 (4.34) 1411 (5.59) 190 (5.31)
A levels/AS levels or equivalent 3616 (11.32) 419 (13.46) 2828 (11.20) 369 (10.32)
Ordinary levels/GCSEs or equivalent/CSEs or equivalent 8597 (26.91) 766 (24.61) 6859 (27.16) 972 (27.18)
None of the above 5532 (17.32) 228(7.32) 4325 (17.13) 979 (27.38)
Income per year
Greater than £100000 1374 (4.30) 224 (7.20) 1057 (4.19) 93 (2.60)
£52000 to £100000 5310 (16.62) 732 (23.51) 4149 (16.43) 429 (12.00)
£31000 to £51999 7027 (22.00) 784 (25.18) 5583 (22.11) 660 (18.46)
£18000 to £30999 7253 (22.71) 643 (20.66) 5843 (23.14) 767 (21.45)
Less than £18000 7059 (22.10) 390 (12.53) 5484 (21.72) 1185 (33.14)
Life Essential 8 points
Total 64.63+11.94 84.45+3.67 65.23+7.77 43.18+5.63
Diet points 37.88+17.61 46.60+17.27 37.88+17.25 30.32+16.92
Physical activity points 80.67+37.83 98.82+7.46 85.34+33.43 31.88+44.95
Smoking points 74.51+33.70 93.05+16.28 76.30+31.87 45.75+39.87
Sleep health points 88.34+19.50 95.90+10.82 89.26+18.37 75.29+26.17
Body mass index points 61.86+30.49 91.33+15.22 61.91+28.99 35.85+27.10
Blood lipids points 47.62+28.85 73.55+26.38 46.14+27.45 35.52+27.60
Blood glucose points 86.06+23.54 98.13+9.17 87.23+22.45 67.28+28.78
Blood pressure points 40.13+31.31 78.22+25.56 37.78+29.30 23.54+23.34
FVC, % predicted 75.14+9.67 76.08+9.51 75.21+9.66 73.79+9.72
FEV1, % predicted 71.56+8.19 72.32+7.98 71.62+8.14 70.46+8.60
FEV1 to FVC ratio, % 75.26+5.48 75.84+5.20 75.20+5.49 75.23+5.57

Data were presented as frequency (%) or mean + SD.

A levels, advanced levels; AS levels, advanced subsidiary levels; CSE, Certificate of Secondary Education; FEV1, forced expiratory volume in 1's; FVC, forced vital capacity; GCSE, General Certificate of Secondary
Education; HNC, Higher National Certificate; HND, Higher National Diploma; LE8, Life's Essential 8; NVQ, National Vocational Qualification; PRISm, preserved ratio impaired spirometry.

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% Cls) 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% Cls)
for low LE8 score versus high LE8 score were 2.702 (2.391 to 3.054),
4.603 (3.427 t0 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 LES8: 1.862, 0.872 to 3.977; low LE8 vs high LE8: 4.103, 1.866
t0 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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HR (95%CI)
Adjusted for age and sex

HR (95%CI)
Fully adjusted
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Figure 2 Associations between the Life’s Essential 8 (LE8) score and cardiovascular morbidity in individuals with preserved ratio impaired
spirometry (PRISm). Models were adjusted for age, sex, ethnicity, education status, household income and Townsend score.

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 LES8; 0.789, 0.508 to 1.224 for low LE8 vs high LES; 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% Cls) were 0.874

Lowrisk High risk

(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 (FEV /FVC <0.70) ver-
sus PRISm (online supplemental tables 9-11), using the Fine-Gray
model (online supplemental table 12) and categorising participants

Lowrisk High risk Low risk  High risk

Figure 3  Associations between the Life's Essential 8 (LE8) score and all-cause, cardiovascular and respiratory mortality in individuals with preserved
ratio impaired spirometry (PRISm). Models were adjusted for age, sex, ethnicity, education status, household income and Townsend score.
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Table 2  Associations of the Life's Essential 8 score with different transition trajectories of spirometry in individuals with normal spirometry
Normal to PRISm

Normal to normal* Normal to obstructive

se/Neor N_./N.w OR (95%Cl) N_./N... OR (95%Cl)

Unadjusted

High LE8 3907/4271 17214271 REF 192/4271 REF

Moderate LE8 14 488/16 035 866/16 035 1.358 (1.148 to 1.605) 681/16 035 0.956 (0.812 t0 1.127)

Low LE8 587/672 61/672 2.361 (1.741 t0 3.202) 241672 0.832 (0.540 to 1.283)

Per 10-point decrease 18 982/20 978 1099/20 978 1.221 (1.155 to0 1.292) 897/20 978 1.009 (0.947 to 1.076)
Adjusted for age and sex

High LE8 3907/4271 17214271 REF 192/4271 REF

Moderate LE8 14 488/16 035 866/16035 1.332 (1.122 to 1.582) 681/16 035 0.959 (0.809 to 1.136)

Low LE8 587/672 61/672 2.344(1.722 10 3.191) 241672 0.861 (0.557 t0 1.332)

Per 10-point decrease 18 982/20 978 1099/20 978 1.223 (1.154 to0 1.296) 897/20 978 1.018 (0.953 to 1.088)
Fully adjustedt

High LE8 3907/4271 17214271 REF 192/4271 REF

Moderate LE8 14 488/16 035 866/16 035 1.297 (1.091 to 1.542) 681/16 035 0.929 (0.783 0 1.101)

Low LE8 587/672 61/672 2.238(1.638 t0 3.057) 241672 0.789 (0.508 to 1.224)

Per 10-point decrease 18 982/20 978 1099/20 978 1.213 (1.144 t0 1.287) 897/20 978 1.001 (0.937 to 1.071)

*Multinomial logistic regression models were conducted with the Normal to Normal group as the reference
tAdjusted for age, sex, ethnicity, education status, household income and Townsend score.
LE8, Life's Essential 8; PRISm, preserved ratio impaired spirometry.

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 LES8

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.

Table 3  Associations of the Life's Essential 8 (LE8) score with different transition trajectories of spirometry in individuals with PRISm
PRISm to PRISm*

PRISm to normal PRISm to obstructive

N_./N... N_ /N . OR (95% Cl) N_./N.o OR (95% CI)

Unadjusted

High LE8 140/325 170/325 REF 15/325 REF

Moderate LE8 785/1705 814/1705 0.854 (0.669 to 1.090) 106/1705 1.260 (0.713 t0 2.228)

Low LE8 101171 63/171 0.514 (0.349 to 0.756) min 0.647 (0.255 to 1.644)

Per 10-point decrease 1026/2201 1047/2201 0.906 (0.842 to 0.975) 128/2201 0.940 (0.804 to 1.100)
Adjusted for age and sex

High LE8 140/325 170/325 REF 15/325 REF

Moderate LE8 785/1705 814/1705 0.860 (0.668 to 1.108) 106/1705 1.162 (0.647 to 2.087)

Low LE8 101171 63/171 0.509 (0.343 t0 0.755) min 0.615 (0.238 to 1.587)

Per 10-point decrease 1026/2201 1047/2201 0.901 (0.835 t0 0.973) 128/2201 0.926 (0.785 to0 1.092)
Fully adjustedt

High LE8 140/325 170/325 REF 15/325 REF

Moderate LE8 785/1705 814/1705 0.874 (0.675 t0 1.131) 106/1705 1.123 (0.621 to 2.032)

Low LE8 101171 63/171 0.506 (0.339 t0 0.757) min 0.574 (0.220 to 1.496)

Per 10-point decrease 1026/2201 1047/2201 0.899 (0.832 t0 0.972) 128/2201 0.903 (0.763 to 1.068)

*Multinomial logistic regression models were conducted with the PRISm to PRISm group as the reference.
tAdjusted for age, sex, ethnicity, education status, household income and Townsend score.
PRISm, preserved ratio impaired 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,' * ¢!
particularly cardiovascular morbidity and mortality,*” ! has been
previously reported. Using data from the UK Biobank, Higbee et
al' found that PRISm was associated with increased risks of CVD,
diabetes, asthma and all-cause mortality. Of note, Li et al"! 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 mortality?®*-**and 0.26-fold to 0.82-
fold lower risks of cardiovascular mortality,'” 23 heart failure®? and
chronic kidney disease** in the general population. The AHA has
called for further assessment of the LE8 score in diverse subpopu-
lations.' For example, a recent study demonstrated inverse associa-
tions between high LE8 score (LE8 score 280 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.”® Zhang et al’** showed that high LE8 score was
inversely associated with incident atherosclerotic CVD in patients
with cancer (HR . . ... 0.54, 95% CI 0.39 to 0.75). Consi-
dering the potential link between PRISm and CVH," our current
findings extended existing studies by demonstrating that in partici-
pants with PRISm, a high-risk subpopulation for CVD and morta-
lity,® 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.”? !> Wan et
al"* 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,'>** especially in individuals with
mild PRISm.® 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,**"! 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 FEV, 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 FEV /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 FEV /FVC ratio below 0.7, may lead to overestimation of obs-
tructive spirometry in older individuals.? 2% In the present study,
the use of FEV /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 LES, 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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Sindrome da apneia obstrutiva do sono e risco
futuro de deméncia entre individuos acompanhados

na pratica clinica geral do Reino Unido
Jingya Wang," Anuradhaa Subramanian, 1 Neil Cockburn,' Jingyi Xiao,?
Krishnarajah Nirantharakumar,*# Shamil Haroon!'

RESUMO

Contexto: A sindrome da apneia obstrutiva do sono
(OSAS) tem sido reconhecida como um potencial fator de
risco para o declinio cognitivo, mas a sua relacdo precisa
com a deméncia ainda é incerta. Este estudo teve como
objetivo determinar o risco de deméncia em individuos
com e sem OSAS.

Métodos Os dados foram extraidos de 2,3 milhdes de
adultos (=18 anos) do Clinical Practice Research Datalink
(2000-2022), um banco de dados nacionalmente repre-
sentativo de registros eletrénicos de satde primaria no
Reino Unido. Foram aferidos por resultados de propenséo
193 600 individuos com OSAS e 536 701 individuos sem
OSAS. Modelos de regresséo de riscos proporcionais de
Cox foram aplicados para quantificar o risco de desenvol-
ver deméncia por todas as causas, deméncia vascular e
doenca de Alzheimer entre individuos com e sem OSAS.
Resultados Com um sequimento mediano de 4,0 anos
(IQR 1,8-7,5), 2802 e 6211 individuos desenvolveram
deméncia por todas as causas nos grupos com e sem
OSAS, respetivamente, correspondendo a taxas de inci-
déncia bruta de 2,47 e 2,34 por 1000 pessoas-ano. A
presenca de OSAS foi associada a maiores riscos de
deméncia por todas as causas (HR ajustado (aHR) 1,12,
IC 95% 1,07 a 1,17), deméncia vascular (1,29, IC 95%
1,19 a 1,41) e risco inalterado de doenca de Alzheimer
(1,07,1C 95% 0,99 a 1,16). Individuos com OSAS que
receberam tratamento com pressao positiva continua nas
vias aéreas (CPAP) apresentaram um risco semelhante de
deméncia por todas as causas em comparacao com seus
pares aferidos (0,99, IC 95% 0,74 a 1,32).

Conclusédo A OSAS estd associada a maiores riscos de
deméncia por todas as causas e algumas de suas subca-
tegorias. Sa0 necessarias mais investigagdes para avaliar
0s beneficios clinicos da triagem para comprometimento
cognitivo em pessoas com OSAS e para determinar
melhor o impacto do CPAP no declinio cognitivo e no
risco de deméncia.

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.! 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.? This represents a
huge public health challenge for societies and health
systems.' * 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.? 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-

What is the key question?

» Individuals 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.

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

» 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?

» We found that the presence of OSAS is asso-
ciated with an increased risk of all-cause
dementia, specifically vascular dementia.

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

» 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?

» This work suggests that OSAS may be an
important independent and modifiable risk
factor for dementia.

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

» 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.

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.® The prevalence of
OSAS is estimated to vary from 3% to 7%,> which
is likely to increase with the global rise in obesity.®
OSAS has been recognised as an independent risk
factor for a number of chronic conditions, including
hypertension,” cardiovascular disease® and stroke.’
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.'

Emerging evidence suggests that OSAS may
be associated with an increased risk of dementia.
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Figure 1  Flow chart. CPAP, continuous positive airway pressure; OSAS,
obstructive sleep apnoea syndrome.

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.!
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."
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.”® 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 266
years).! ' Three further meta-analyses identified a number of
cohort studies showing an association between sleep-disordered
breathing and cognitive impairment and dementia.'"'® 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." 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.” 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.” 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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Table 1 Baseline demographic characteristics, behavioural risk Table 1  Continued
factors and medications of individuals with OSAS and propensity OSAST At
score-matched individuals without OSAS (n=193600) (n=536701) SMD*
OSAS+ 05AS— Anticoagulants 13865 (7.2) 31204 (5.8) 0.055
(n=193600) (n=536701) SMD*
Antiplatelets 45674 (23.6) 113464 (21.1) 0.059
Demographic characteristics
CPAP 6624 (3.4) 0(0.0) NA
Mean age, years (SD) 53.01 (13.15) 53.17 (12.95) 0.012 e
Age categories, years 0.025 Data were presented for the first imputed matched cohort.
<40 32645 (16.9) 85773 (16.0) *Matched on age, sex, BMI, ethnicity, Townsend, smoking status, drinking status,
type 1 diabetes, type 2 diabetes, hypertension, atrial fibrillation, heart failure,
40 to <65 124600 (64.4) 350489 (65.3) myocardial infraction, stroke or transient ischaemic attack, peripheral vascular
>65 36355 (18.8) 100439 (18.7) disease, hypothyroidism, hyperthyroidism, chronic kidney disease, chronic liver
disease, rheumatoid arthritis, osteoarthritis, gout, multiple sclerosis, depression,
Male 140126 (72.4) 398143 (74.2) 0.041 anxiety, deafness/hearing loss, age-related macular degeneration, cataracts,
Mean BMI, kg/m? (SD) 33.67 (7.57) 31.39 (6.52) 0.321 glaucoma, B,, deficiency, metformin, other glucose-lowering drugs, lipid-lowering
. drugs, ARB/ACE, other antihypertensive drugs, anticoagulants, antiplatelets, HbA1c
BMI categories, kg/m U2z catggories, eGFR categories,yfystolic BP, dia?tolic BP, togtal cholester%l categories,
<25 16134 (8.3) 62119 (11.6) HDL-cholesterol categories, LDL-cholesterol categories, triglycerides categories and
25 t0 <30 44387 (22.9) 147788 (27.5) em i (ElRT) - o
ACE, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker;
30 to <35 50389 (26.0) 139143 (25.9) BMI, body mass index; CPAP, continuous positive airway pressure; HDL, high-density
35 to <40 35109 (18.1) 73351 (13.7) Iipoprotein; LDL, Iow-density Iipoprotein; NA, not applicable; OSAS, obstructive
sleep apnoea syndrome; SMD, standardised mean difference.
>40 32847 (17.0) 43379 (8.1)
Missing 14734 (7.6) 70921 (13.2) hypothyroidism, hyperthyroidism, multiple sclerosis, age-related
Ethnicity 0.043 macular degeneration, cataract, glaucoma, deafness/hearing loss,
White 116947 (60.4) 331334 (61.7) B12 deficiency, depression and anxiety; (4) biomarkers: haemo-
South Asian 8800 (4.5) 26929 (5.0) globin Alc (HbAIc), estimated glomerular filtration rate, systolic
and diastolic blood pressures, and lipid profile; (5) medications:
e B UeERl ) glucose-lowering agents, lipid-lowering drugs, antihypertensive
Mixed race 1297 (0.7) 3836 (0.7) drugs, anticoagulants and antiplatelets. All covariates were iden-
Others 2302 (1.2) 6072 (1.1) tified on or before the index date. All prescriptions and condi-
Missing 56959.29.4) 148699 27.7) tions mentioned above were identified by relevant clinical (Read/
. : SNOMED-CT) codes. Missingness of variables with over 20%
Townsend 0.042 missing were classed as a separate missing category. Multiple im-
1st (least deprived) 35931 (18.6) 105194 (19.6) putation using chained equations with predictive mean matching
was used for continuous variables with missingness less than 20%
2nd 37626 (19.4) 107935 (201 (BMI and systolic and diastolic blood pressu%es), with 20 simu-
3rd 38437 (19.9) 106997 (19.9) lated complete datasets being created,”” under the assumption of
4th 40883 (21.1) 110743 (20.6) values being missing at random.
5th (most deprived) 40648 (21.0) 105637 (19.7) . .
— Propensity score matching
Missing B ) Data were initially extracted for the study using the Data Extrac-
Behavioural risk factors tion for Epidemiological Research (DEXTER) tool using a time-
Sy SEE 0.045 dependent exact matching algorithm (matching ratio=1:10) for
age (&5 years), sex and health authority region to save computa-
Never smoked 48788 (25.2) 132647 (24.7) h o . . . . e
tional power.?® After multiple imputations, time-conditional pro-
Ex-smoker 52408 27.1) 138296 (25.8) pensity score matching was applied as the exposure model in each
Smoker 34162 (17.6) 93610 (17.4) simulated complete dataset. Propensity scores for the presence of
Missing 58242 (30.1) 172148 (32.1) OSAS were e§timated using a logistic regression model inc‘luding
a set of covariates described in the Covariates section. Continuous
Drinking status e variables with imputed values were used to generate propensity
Non-drinker 9644 (5.0) 22233 (4.1) scores. To ensure positivity (having adequate variation in the treat-
Ex-drinker 4874 2.5) 11742 2.2) ment of interest within confounder strata), propensity scores were
i truncated and only participants with propensity scores that lay
LU llaweie) s il on the common support with a calliper width of 0.2 were eligible
Missing 67039 (34.6) 196073 (36.5) for matching. For each patient with OSAS, up to four individuals
Medications/treatments without OSAS were randomly selected by propensity score using
. the nearest neighbour algorithm. Unexposed individuals matched
Metformin 26527 (13.7) 59321 (11.1) 0.081 to the OSAS incgiividuals igvere assigned the same index date to miti-
Other glucose-lowering drugs 19283 (10.0) 43930 (8.2) 0.062 gate immortal time bias.**
Lipid-lowering drugs 67090 (34.7) 171283 (31.9) 0.058 |
Analysis
ARBIACE 67926 G5.1) 167906313 0081 The Sll)aseline covariates were summarised for individuals with
Other antihypertensive drugs 83272 (43.0) 207224(386)  0.090 OSAS and matched individuals without OSAS using standard
Continued descriptive statistics. Categorical variables were presented as fre-
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Table 2 Baseline comorbidities and metabolic characteristics of
individuals with OSAS and propensity score—matched individuals

without OSAS
OSAS+ 0SAS—
(n=193600) (n=536701) SMD*

Comorbidities
Hypertension 70544 (36.4) 178392 (33.2) 0.067
Ischaemic heart disease 19997 (10.3) 49641 (9.2) 0.036
Heart failure 8937 (4.6) 17613 (3.3) 0.069
Myocardial infraction 7790 (4.0) 20182 (3.8) 0.014
Stroke or transient ischaemic 8755 (4.5) 21998 (4.1) 0.021
attack
Peripheral vascular disease 2495 (1.3) 6378 (1.2) 0.009
Atrial fibrillation 10410 (5.4) 23297 (4.3) 0.048
Type 1 diabetes 2280 (1.2) 5747 (1.1) 0.010
Type 2 diabetes 30547 (15.8) 70116 (13.1) 0.077
Rheumatoid arthritis 2402 (1.2) 6027 (1.1) 0.011
Osteoarthritis 40365 (20.8) 101108 (18.8) 0.050
Gout 14017 (7.2) 35606 (6.6) 0.024
Multiple sclerosis 688 (0.4) 1876 (0.3) 0.001
Hypothyroidism 12543 (6.5) 29435 (5.5) 0.042
Hyperthyroidism 2445 (1.3) 6116 (1.1) 0.011
Chronic kidney disease (stages 10013 (5.2) 24738 (4.6) 0.026
3-5)
Chronic liver disease 8078 (4.2) 18471 (3.4) 0.038
Depression 101644 (52.5) 255395 (47.6) 0.098
Anxiety 39200 (20.2) 97794 (18.2) 0.051
Deafness/hearing loss 25419 (13.1) 64870 (12.1) 0.031
Age-related macular degeneration 1318 (0.7) 3418 (0.6) 0.005
Cataracts 8740 (4.5) 22970 (4.3) 0.011
Glaucoma 3298 (1.7) 8854 (1.6) 0.004
B,, deficiency 6191 (3.2) 14540 (2.7) 0.029
Metabolic characteristics
HbA1c (%) 0.086

<5.7 12469 (6.4) 32310 (6.0)

5.7t0 <6.5 15591 (8.1) 36561 (6.8)

6.5 to<7.5 8328 (4.3) 18942 (3.5)

>7.5 9783 (5.1) 22045 (4.1)

Missing 147429 (76.2) 426843 (79.5)
eGFR (mL/min/1.73 m?) 0.081

<30 373(0.2) 771 (0.1)

30 to <60 3750 (1.9) 8365 (1.6)

60 to <90 24468 (12.6) 57739 (10.8)

>90 8966 (4.6) 20750 (3.9)

Missing 156043 (80.6) 449076 (83.7)
Systolic BP (mmHg) 0.164

<140 126461 (65.3) 341979 (63.7)

>140 61329 (31.7) 160086 (29.8)

Missing 5810 (3.0) 34636 (6.5)
Diastolic BP (mmHg) 0.169

<90 152806 (78.9) 417528 (77.8)

Continued

Table 2 Continued

OSAS+ OSAS—
(n=193600) (n=536701) SMD*

>90 34946 (18.1) 84411 (15.7)

Missing 5848 (3.0) 34762 (6.5)
Total cholesterol (mmol/L) 0.060

<5.2 82038 (42.4) 214497 (40.0)

5.2 to <6.1 36351 (18.8) 100262 (18.7)

>6.1 23901 (12.3) 66612 (12.4)

Missing 51310 (26.5) 155330 (28.9)
HDL-cholesterol (mmol/L) 0.068

<1.53 113649 (58.7) 296975 (55.3)

>1.53 22280 (11.5) 67368 (12.6)

Missing 57671 (29.8) 172358 (32.1)
LDL-cholesterol (mmol/L) 0.052

<26 38050 (19.7) 97263 (18.1)

2.6t0<3.4 30535 (15.8) 81368 (15.2)

3.4t0<4.2 21529 (11.1) 58684 (10.9)

42t0<4.9 8355 (4.3) 23057 (4.3)

>4.9 3363 (1.7) 9147 (1.7)

Missing 91768 (47.4) 267182 (49.8)
Triglycerides (mmol/L) 0.069

<1.69 66558 (34.4) 187143 (34.9)

1.69 to <2.26 27723 (14.3) 71322 (13.3)

2.26 10 <5.63 32365 (16.7) 80252 (15.0)

>5.63 2204 (1.1) 5236 (1.0)

Missing 64750 (33.4) 192748 (35.9)

Data are presented as mean=SD or n (%).

Data were presented for the first imputed matched cohort.

*Matched on age, sex, BMI, ethnicity, Townsend, smoking status, drinking status,
type 1 diabetes, type 2 diabetes, hypertension, atrial fibrillation, heart failure,
myocardial infraction, stroke or transient ischaemic attack, peripheral vascular
disease, hypothyroidism, hyperthyroidism, chronic kidney disease, chronic liver
disease, rheumatoid arthritis, osteoarthritis, gout, multiple sclerosis, depression,
anxiety, deafness/hearing loss, age-related macular degeneration, cataracts,
glaucoma, B,, deficiency, metformin, other glucose-lowering drugs, lipid-lowering
drugs, ARB/ACE, other antihypertensive drugs, anticoagulants, antiplatelets, HbA1c
categories, eGFR categories, systolic BP, diastolic BP, total cholesterol categories,
HDL-cholesterol categories, LDL-cholesterol categories, triglycerides categories and
data source (GOLD/Aurum).

BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, glycated
haemoglobin A1c; HDL-cholesterol, high-density lipoprotein-cholesterol; LDL-
cholesterol, low-density lipoprotein-cholesterol; OSAS, obstructive sleep apnoea
syndrome.

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% Cls. 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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Table 3 Incidence of all-cause and cause-specific dementia among individuals with OSAS and propensity score—matched individuals without OSAS
All-cause dementia Vascular dementia Alzheimer's disease

Outcomes OSAS+ OSAS- OSAS+ OSAS- OSAS+ OSAS-

Total number of participants 193600 536701 193600 536701 193600 536701

Outcome events, n (%) 2802 6211 898 1627 920 2219

Person-years 1135023 2658037 1140686 2670415 1140543 2668488

Incident rate 2.47 2.34 0.79 0.61 0.81 0.83

(per 1000 person-years, 95% Cl) (2.38-2.56) (2.28-2.40) (0.74-0.84) (0.58-0.64) (0.76-0.86) (0.80-0.87)

Unadjusted HR (95% Cl) 1.00 (0.96, 1.05)
Adjusted HR (95% CI)t 1.12(1.07,1.17)

Adjusted HR (95% Cl)* 1.12 (1.07, 1.18)
*Data were presented for the first multiple imputed matched cohort.

1.20 (1.11, 1.30)
1.29 (1.19, 1.41)
1.28 (1.17, 1.40)

0.95 (0.88, 1.02)
1.07 (0.99, 1.16)
1.09 (1.01, 1.18)

tAdjusted HR estimated from a competing Cox proportional hazards model adjusting for the following covariates: index year, age, sex, BMI categories, ethnicity, Townsend,
smoking status, drinking status, type 1 diabetes, type 2 diabetes, hypertension, atrial fibrillation, heart failure, myocardial infraction, stroke or transient ischaemic attack,
peripheral vascular disease, hypothyroidism, hyperthyroidism, chronic kidney disease, chronic liver disease, rheumatoid arthritis, osteoarthritis, gout, multiple sclerosis, depression,
anxiety, deafness/hearing loss, age-related macular degeneration, cataracts, glaucoma, B,, deficiency, metformin, other glucose-lowering drugs, lipid-lowering drugs, angiotensin-
receptor blocker/ angiotensin-converting enzyme inhibitors, other antihypertensive drugs, anticoagulants, antiplatelets, haemoglobin A1c (HbA1c) categories, estimated
glomerular filtration rate (eGFR) categories, systolic blood pressure categories, diastolic blood pressure categories, total cholesterol categories, high-density lipoprotein-
cholesterol categories, low-density lipoprotein-cholesterol categories, triglycerides categories and data source (GOLD/Aurum).

tSensitivity analysis limiting the study participants to individuals with an incident diagnosis of OSAS and their corresponding matched individuals without OSAS.

BMI, body mass index; CPAP, continuous positive airway pressure; NA, not applicable; OSAS, obstructive sleep apnoea syndrome.

analysed using the same methods and the results combined to pro-
duce estimates and ClIs 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% Cls 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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Figure 2 Cumulative hazard of all-cause, Alzheimer's and vascular
dementia among individuals with obstructive sleep apnoea syndrome
(OSAS) and propensity score—matched individuals without OSAS.

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/m? in those
OSAS and 31.4 kg/m? in those without) of participants, as obesity
was recognised a well-known risk factor for dementia,”® 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.' 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.* However, we also observed that the association

DTHDILVILY allaly DI
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Subgroup analyses

By Age

Figure 3 The association of obstructive sleep apnoea syndrome
(OSAS) with all-cause dementia stratified by age, sex, body mass index
(BMI) categories, and the presence of continuous positive airway
pressure (CPAP) treatment.

with dementia appears stronger for vascular dementia. Men are at
greater risk of developing vascular dementia than women,” 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.?

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."* 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.?” 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."* 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.**!

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 f42, T-tau and P-tau, overall were not different
between patients with OSAS and their controls.** However, elevated
blood T-tau, P tau and amyloid P40, as well as decreased cerebros-
pinal fluid amyloid 42, 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.*
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.*

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.* 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.

X Shamil Haroon @ShamilHaroon
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Reabilitacao

Reabilitacdo pulmonar baseada em aplicacao
movel na DPOC: um ensaio clinico randomizado

multicéntrico

Rainer Gloeckl,* Marc Spielmanns,®* Asta Stankeviciene,®> Anne Plidschun,® Daniela
Kroll,"? Inga Jarosch,2Tessa Schneeberger,"2 Bernhard Ulm,® Claus F Vogelmeier,’

Andreas Rembert Koczulla'28

RESUMO

Contexto A reabilitacdo pulmonar (RP) é um elemento
essencial na gestdo da doenca pulmonar obstrutiva cronica
(DPOC). No entanto, 0 acesso a programas convencionais
de RP presenciais é limitado.

Métodos Este ensaio clinico randomizado multicéntrico
recrutou doentes com DPOC de 18 locais na Alemanha e
Suica, com o objetivo de avaliar o impacto de 12 semanas
de uma aplicacdo mavel (grupo de intervencao, Gl) na qua-
lidade de vida, medida pelo Teste de Avaliacdo da DPOC
(CAT), e na capacidade de exercicio, avaliada pelo teste
de sentar-levantar de 1 minuto (1MSTST), em compara-
¢do com um grupo de controlo (GC) que recebeu cuidados
padrdo melhorados.

Resultados Foram incluidos 278 doentes no estudo, com
idade mediana de 65 anos (IQR 60—70) e volume expira-
torio forcado em 1 segundo de 48% previsto (IQR 37-60).
Na analise por intencdo de tratar na semana 12, o CAT
melhorou em média —4 pontos no Gl versus —3 pontos no
GC (diferenca: 0 pontos, IC 95%: -1, 2; p=0,7); 0 TMSTST
melhorou em 1 vs 2 repeticGes, respetivamente (diferenca:
1 repeticdo, IC 95%: 0, 2; p=0,12). Num subgrupo do GI,
com doentes agrupados por adesdo a aplicacdo (>3 dias/
semana durante >75% das semanas), os utilizadores ade-
rentes (40,4%) melhoraram o 1MSTST em comparacéo
com os ndo aderentes, com mediana de 2 repeticdes (IC
95%: 1, 3; p=0,006). O uso da aplicacdo ndo levantou
preocupagoes de seguranca.

Conclusées A RP baseada em aplicacdo mével melhorou
os resultados na DPOC em comparagdo com a linha de
base, e os utilizadores aderentes melhoraram mais a capa-
cidade de exercicio em comparacdo com os ndo aderentes.
Embora ndo tenha sido estatisticamente significativa em
comparacdo com os cuidados padrao melhorados, este
estudo pode apoiar o uso desta aplicacdo na gestéo da
DPOC e aborda o desafio do acesso a intervencdes de RP.
Registo do ensaio clinico: 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.' > However, such programmes are
limited by access, capacity and uptake,** being
used by fewer than 2% of eligible patients with
COPD.¢ Tele-PR has been proposed as an alter-
native strategy in COPD,” ® although the term
‘tele-PR’ encompasses different models, including
videoconferences, webpages or mobile apps, with
varying telephone support and monitoring.*"
A Cochrane review comparing tele-PR with
conventional centre-based PR or no rehabilitation
found that tele-PR generated similar outcomes to

WHAT IS ALREADY KNOWN
ON THIS TOPIC

» Pulmonary 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

» This 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.

centre-based PR in terms of exercise capacity and
quality of life, and was superior to no rehabilita-
tion.”? 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
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HOW THIS STUDY MIGHT AFFECT
RESEARCH, PRACTICE OR POLICY

» The 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.

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 $>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

Figure 1

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

Screenshots of the fully automated mobile Kaia COPD application and its three modules: a digital exercise programme delivered by video

instructions, a self-management programme (including relaxation and breathing exercises) delivered by audio instructions and a patient education
programme. (Figure provided courtesy of Kaia Health). COPD, chronic obstructive pulmonary disease.
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Figure 2 Participant flow through the study. AE, adverse event; SAE,
severe AE.

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 guideline’® 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 staft 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 (IMSTST)
repetitions). The IMSTS tests were performed remotely via a video
appointment between the participant and the study site staff.™
Outcome assessors were not blinded to group allocation (as all out-
comes except the IMSTST 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

Reabilitacao

Table 1 Demographic and baseline disease characteristics (intention-
to-treat population)

Control group Intervention group

(n=142) (n=136) P value
Age, years 64 (59-70) 66 (60-72) 0.166
Sex 0.628
Female 72 (50.7) 65 (47.8)
Male 70 (49.3) 71 (52.2)
BMI, kg/m?2 26.4 (22.9-31.2) 25.5 (22.6-29.4) 0.083
COPD GOLD 0.999
[ 5(4.2) 4(3.4)
Il 51 (42.9) 50 (42.7)
1l 63 (52.9) 63 (53.8)
Smoking status 0.030
Current smoker 53 (37.3) 34 (25.2)
Former smoker 89 (62.7) 102 (74.8)
Mean smoking pack years 45 (35-54) 39 (25-49) 0.282
Age at COPD diagnosis 55 (49-61) 55 (50-62) 0.353
Comorbidities
Cardiovascular 87 (61.3) 89 (66.4) 0.374
Orthopaedic 56 (39.4) 61 (45.2) 0.333
Metabolic 49 (34.5) 46 (34.3) 0.975
Psychological 33(23.2) 32 (23.9) 0.900
Cerebrovascular 14 (10.0) 14 (10.4) 0.903
Treatment
LABA 125 (88.0) 126 (92.6) 0.194
LAMA 127 (89.4) 124 (91.2) 0.624
ICS 86 (60.6) 86 (63.2) 0.647
LToT 27 (19) 27 (20) 0.836
FEV,, L 1.38 (1.03-1.77) 1.23 (1.04-1.66) 0.327
FEV,, % predicted 48 (40-61) 48 (36-57) 0.222
FEV, /FVC 0.52 (0.45-0.58) 0.50 (0.44-0.57) 0.135
COPD Assessment Test 23 (21-26) 23 (21-26) 0.617
total score
1-minute sit-to-stand test 18 (14-22) 17 (13-22) 0.196
repetitions
Patients with at least one 45 (31.6) 50 (36.8) 0.371

acute COPD exacerbation

during the previous 12

months, n (%)

All continuous variables are median (IQR) and are compared via Mann-Whitney
U test. All categorical variables are the absolute number (percentage), and are
compared using y? test.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV,, forced
expiratory volume in 1 s; FVC, forced vital capacity; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-acting
B3,-receptor agonist; LAMA, long-acting muscarinic antagonist; LTOT, long-term
oxygen therapy.

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 IMSTST 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 definition'*) 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,' 111 patients per group
would be required. For the IMSTST, assuming a minimally impor-
tant difference of 3+6 repetitions,'” 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 ¥ 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.

0.075
0.709

0.409
2(-0to4)

Intervention group vs control group

differences
1(-1103)
0(-2t02)

p=0.901
0(=2to1)

p
p
p

Intervention group

(n=46)

22 (20 to 25)
-4 (-8t0-2)
-4 (-9 to-2)
18 (13 to 22)
3(0to4)
3(1106.5)

122)

(including only adherent application users in the IVG)

Per-protocol population
23 (21 to 25)
-3(-8100)
-3(-8to1)

18 (24 0 23)

2(0to6)

4(0to7)

(n

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.

Intervention group vs control group Control group
differences
0(-1t02)
0.697
2(-0to03)
0.074
0.120
0(-1t02)
0.485

1(0to2)

p:
p
p:
p:

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.

136)

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 IMSTST, 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 IMSTST 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 IMSTST 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 IMSTST 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).

Intervention group (n
23 (21 t0 26)

-4 (-8to0-1)

-4 (-9to-1)

17 (13 to 22)
1(-1t04)

3(0to 6)

Intention-to-treat population
(including all patients)
Control group (n=142)

23 (21 to 26)

-3(-81t00)

-3.5(-81t0 1)

18 (14 t0 22)

2(0to6)

4(0to7)

Table 2 The COPD Assessment Test total score and 1-minute sit-to-stand test at baseline, and change from baseline at 12 (co-primary outcomes) and 24 weeks (follow-up)

COPD, chronic obstructive pulmonary disease; IVG, intervention group.

1-minute sit-to-stand test, repetitions

COPD Assessment Test total score
Week 12, change from baseline
Week 24, change from baseline
Week 12, change from baseline
Week 24, change from baseline

Baseline
Baseline

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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Figure 3 Changes in COPD Assessment Test score (A) and changes in 1-minute sit-to-stand test (1MSTST) repetitions (B) from baseline to week
12 between adherent application users (=75% adherent training weeks, n=46) and non-adherent application users (<75% adherent training weeks,
n=68) in the intervention group and the control group (n=122). COPD, chronic obstructive pulmonary disease.

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 IMSTST 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 IMSTST
in favour of adherent app users compared with non-adherent app
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Table 3  Between-group results in the per-protocol population (ie, including only adherent application users in the intervention group) for changes

from baseline in secondary endpoints at weeks 12 and 24

Control group

Intervention group Intervention group vs control

(n=122) (n=46) group differences
Veterans RAND 12-Item health survey: physical component score
Baseline 32.3(27.2t037.5) 33.4(29.3 10 40.7)

0.3(-2.7106.1)
1.9(-2.7t05.8)
Veterans RAND 12-Item health survey: mental component score

47.1 (38.3 t0 54.3)
-2.5(-7.2t03.5)
—0.9(-7.2t0 4.8)

Week 12, change from baseline

Week 24, change from baseline

Baseline
Week 12, change from baseline
Week 24, change from baseline

Patient Activation Measure 13

Baseline 42 (39 to 45)
Week 12, change from baseline 0(-3t02)
Week 24, change from baseline 0(-2t03)
Hospital Anxiety and Depression Scale: total score

Baseline 11 (8 to 16)
Week 12, change from baseline 1(-2to4)
Week 24, change from baseline 0(-3to4)
Hospital Anxiety and Depression Scale: anxiety

Baseline 5(3t08)
Week 12, change from baseline 0(-1to02)
Week 24, change from baseline 0(=2t02)
Hospital Anxiety and Depression Scale: depression

Baseline 6(4t08)
Week 12, change from baseline 0(-2t02)
Week 24, change from baseline 0(-2to02)

1.3(-2.8106.3)
1.7(-2.2t04.8)

0(-3t02); p=0.764
0(-3102);p=0.778

52.2 (38.9 t0 59.4)
—0.1(-4.0t0 2.7)
0.1 (-6.1t03.7)

-2 (-5to 1); p=0.209
-1 (-4 to 3); p=0.719

44 (40 to 47)

1(-1t03) -1 (=2 to 0); p=0.169
2(-1to4) -1 (=3 t0 0); p=0.152
9 (6to 16)

-1(-5to 1) 2 (0 to 4); p=0.043
0(-3.5t03) 1 (=1 to 3); p=0.546
5(3to7)

0(-3to1) 1 (=0 to 2); p=0.111
0(-2t02) 0 (-1t02); p=0.424
4Q2t07)

-1(-2to1) 1 (=0 to 2); p=0.056
0(-1t01.5) 0(~1to1); p=0.634

All continuous variables are shown with median (IQR) and were compared via Mann-Whitney U test.

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.'®

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 IMSTST.” ? 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.* Furthermore, the CTG was provided the ‘Living
Well with COPD’ booklet," which has been shown to enhance the
quality of life, reduce exacerbation rates and healthcare usage, and
increase the IMSTST by three repetitions.”> > 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.? 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.” 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.'® 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.** 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.” The application used in the
current study has also been evaluated as a PR maintenance interven-
tion in COPD?*; 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.”
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Figure 4 This Kaplan-Meier plot shows the cumulative sum of exacerbations in the per-protocol population over 24 weeks (control group: 48 acute
exacerbations and 16 acute exacerbations in the intervention group). The difference was not statistically significant. The first exacerbation occurred on
day 1 in the control group (CTG) and on day 24 in the intervention group (IVG); HR (95% Cl) IVG 0.83 (0.41, 1.69) (post-hoc analysis).

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.
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Reabilitacao

Efeitos de curto prazo da reabilitacao pulmonar
domiciliar durante agudizacoes da DPOC geri-
das em regime ambulatorial: um ensaio clinico

randomizado

Ana Machado, %34 Cintia Dias, " Catia Paixao, %* Anténio Pedro Gongalves,® Chris Burtin, > Alda

Marques'?

RESUMO

Contexto: Existe incerteza sobre os efeitos benéficos da
reabilitacdo pulmonar (RP) durante agudizacdes da doenca
pulmonar obstrutiva cronica (DPOC). Este estudo explorou
os efeitos de curto prazo e o impacto autorrelatado de um
programa de RP domiciliar para pessoas com agudizacbes
da DPOC geridas em regime ambulatorial.

Métodos Foi realizado um ensaio clinico randomizado de
métodos mistos em pessoas com agudizacdes da DPOC
geridas em regime ambulatorial. Os participantes foram
aleatoriamente atribuidos 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 ap6s o diagnéstico (linha de base).
As avaliacGes foram realizadas na linha de base e apos 3
semanas (pos-intervencao). O teste de avaliagao da DPOC
(CAT) foi o desfecho primario. Os desfechos secundarios
incluiram medidas de sintomas e capacidade funcional.
Apos a RP, foram realizadas entrevistas. As analises foram
conduzidas utilizando analise de variancia mista (ndo)
paramétrica, analise temética dedutiva e integracao nar-
rativa através de exibicbes conjuntas.

Resultados Foram incluidos 50 participantes com agu-
dizacdes da DPOC geridas em regime ambulatorial (78%
homens, 70+11 anos, volume expiratorio forcado no pri-
meiro sequndo 47,4+16,4% previsto). Foram observadas
melhorias significativamente maiores no GE em com-
paracao com o GC para o CAT (GE A-12,5+7,2 vs GC
A-5,9+7,2,p=0,002) e 12 de 13 outros desfechos secun-
darios. Foi identificado um impacto positivo autorrelatado
da RP nos sintomas, controlo da vida diaria, satde, estado
mental e autonomia. Nenhum evento adverso foi relatado.
Conclusdes Um programa de RP domiciliar de 3 sema-
nas é sequro, significativo e mais eficaz do que apenas a
medicacdo padrao na melhoria dos sintomas, capacidade
funcional e estado de salde, desfechos frequentemente
associados a um mau prognéstico. Isso destaca o papel da
RP na melhoria do processo de recuperagéo durante agudi-
zagbes da DPOC geridas em regime ambulatorial, podendo
contribuir para um melhor prognéstico nesses individuos.
Registo do ensaio clinico: 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.! 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.' > Moreover,
ECOPD increase individuals’ susceptibility for fur-

WHAT IS ALREADY KNOWN
ON THIS TOPIC

» Pulmonary 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

» A 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

» This 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.

ther exacerbations, other acute events, hospitalisa-
tions and death.! The goals of treatment for ECOPD
are, therefore, to minimise the negative impact of
these events and prevent their recurrence.!
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-
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hance self-management and self-efficacy.!® 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;! however, studies focused on people with ECOPD who
do not need hospital admission are lacking.* 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.!*> 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,’ 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/randomizel.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 Universitdrio de Santo Anténio (2020.023:
018-DEFI/ 019-CE), Centro Hospitalar Vila Nova de Gaia/ Es-
pinho (127/2019-1), Unidade Local de Saude de Matosinhos
(73/CE/JAS) and Unidade Investigagao em Ciéncias da Saude:
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 (GRAMMSY) guidelines.””’

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)'’;
(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.*® 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." 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).”? The most recent lung func-
tion assessment and GOLD classification (ie, grade and group)
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.! 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.®

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

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),"® 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),” the short physical performance battery (ie, standing ba-
lance, 4 m gait speed, 5-repetitions sit-to-stand test),” the 1 min
sit-to-stand test (1-minSTS)* and the Chester step test (CST).*

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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Figure 1
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Consolidated standards of reporting trials (CONSORT) flow diagram of participants through the study. COPD, chronic obstructive

pulmonary disease; ECOPD, exacerbation of COPD; PR, pulmonary rehabilitation.

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 n? for the mixed analysis of variance (ANOVA) of the pri-
mary outcome (CAT) obtained in a previous pilot study.® Assu-
ming a 30%-35% dropout rate,” 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
groupxtime interaction were explored with parametric and non-
parametric mixed ANOVAs, accordingly. Groupxtime 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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Table 1

Sociodemographic, anthropometric and general clinical

characteristics of participants with an exacerbation of chronic

obstructive pulmonary disease (n=50)

Experimental
group (n=24)

Control group
(n=26)

Sex (male), n (%)
Age, years
Body mass index, kg/m?
Lung function (stable)
FEV,, %predicted
FVC, %predicted
GOLD grade (stable), n (%)
1
2
3
4
GOLD group (stable), n (%)
A
B
E
Smoking status
Never smoker
Current smoker
Former smoker
Pack-years
N° hospitalisations last year
N° hospitalisations due to ECOPD last year
N° ECOPD last year
Long-term oxygen therapy
Non-invasive ventilation
Charlson comorbidity index, total score
Comorbidities, n (%)
Diabetes
Dyslipidaemia
Controlled arterial hypertension
Arrhythmia
Peripheral vascular disease
Heart failure
Other cardiovascular disease
Anxiety
Depression
Medication (stable), n (%)
SABA
SAMA
LABA
LAMA
ICS
LABA+LAMA
Triple therapy
Medication (ECOPD), n (%)
SABA

22 (91.7%)
72.5+£9.8
24.9+4.6

48.7+£15.3
70.1£15.3

2 (8.3%)

8 (33.3%)
10 (41.7%)
4(16.7%)

3(18.8%)
6 (37.5%)
7 (43.8%)

2 (8.3%)

5 (20.8%)
17 (70.8%)
52.8+42.1

4.5 (4;5)

5 (20.8%)
12 (50%)
15 (62.5%)
16.7%)
16.7%)
12.5%)
29.2%)
8.3%)

4
4
3
7
2
2 (8.3%)

(
(
(
(
(
@

(20.8%)
(16.7%)
(8-3%)
(29.2%)
4(16.7%)
10 (41.7%)
3(12.5%)

5
4
2
7

11 (45.8%)

17 (65.4%)
67.1£11.1
25+4

46.4+17.5
69.7£17.3

0 (0%)

10 (38.5%)
11 (42.3%)
5(19.2%)

2 (13.3%)
6 (40%)
7 (46.7%)

2 (7.7%)
13 (50%)
11 (42.3%)
42.3+29.2
0(0;1)
0(0; 0)
2(1;3)

6 (23.1%)
5(19.2%)
4(3;5)

4 (15.4%)
8 (30.8%)
13 (50%)
5(19.2%)
5(19.2%)
1(3.8%)
12 (46.2%)
5(19.2%)
4 (15.4%)

6 (23.1%)
3 (11.5%)
0 (0%)
3(11.5%)
3 (11.5%)
12 (46.2%)
7 (26.9%)

16 (61.5%)

Continued

Table 1  Continued
Experimental Control group
group (n=24) (n=26)
SAMA 10 (41.7%) 14 (53.8%)
Antibiotic 13 (54.2%) 16 (61.5%)
Oral corticosteroid 17 (70.8%) 19 (73.1%)
Mucolytic 7 (29.2%) 9 (34.6%)

Data are presented as mean+SD, median [first quartile; third quartile] or number
(percentage), unless stated otherwise.

ECOPD, exacerbation of chronic obstructive pulmonary disease; FEV,, forced
expiratory volume in one second; FVC, forced vital capacity; GOLD, Global Initiative
for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-acting
beta2-agonist; LAMA, long-acting muscarinic antagonist; SABA, short-acting beta2-
agonist; SAMA, short-acting muscarinic antagonist.

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.?* The
six-step procedure of Braun and Clarke was followed.* First, two

Table 2 Baseline characteristics (primary and secondary outcomes)
of participants with an exacerbation of chronic obstructive pulmonary
disease (n=50)

Experimental group  Control group

(n=24) (n=26)
BPAAT, total score 0(0; 0) 0(0; 0)
mMRC, grade 3(2;3) 2(2;3)
CAT, total score 23.1+7.1 23.2+7.1
LCADL, total score 23(17.5;39) 24.5(19; 39)
LCADL, % score 45.2 (35.9;57,3) 39.3 (31.4; 56)
FACIT-F, total score 30 (22; 34) 25 (21; 34)
CASA-Q, score
Cough symptoms 37.8+28.8 47.4+29.3
Cough impact 44.5+23.1 52.3+29.5
Sputum symptoms 29.2 (8.3;58.3) 29.2 (16.7; 66.7)
Sputum impact 56.4+29.8 52.1+30.5
CIS-8, total score 44.5 (39; 50.5) 46 (38; 52)
Handgrip strength, kg 23.3+10.1 25.2+10.5
Handgrip strength, %pred 71.1+27.2 79.3+25
Biceps muscle strength, kgf 15+4.3 16.9+5
Biceps muscle strength, %pred 65.2+17.1 81.4+20.3
Quadriceps muscle strength, kgf 22+6 23.4+73
Quadriceps muscle strength, %pred ~ 67+15.7 72+22.4
5-repetitions sit-to-stand test, s 12.4(11;17.3) 11.3(7.7;17.1)
SPPB, total score 9(7.5;10) 9(8;11)
1 min sit-to-stand test, repetitions 17.3+6 17.9+9.4
1 min sit-to-stand test, %pred 50 (41.4; 66.2) 49.3 (35.3; 64)
Chester step test, n° of steps 14 (6.5; 31.5) 30 (16; 42)

Data are presented as mean=+SD or median [first quartile; third quartile], unless
stated otherwise.

BPAAT, Brief Physical Activity Assessment Tool; CASA-Q, Cough and Sputum
Assessment Questionnaire; CAT, COPD Assessment Test; CIS-8, Checklist Individual
Strength 8-Items Questionnaire; COPD, chronic obstructive pulmonary disease;
FACIT-F, Functional Assessment of Chronic Iliness Therapy—Fatigue Scale; LCADL,
London Chest Activity of Daily Living Scale; mMRC, modified Medical Research
Council dyspnoea questionnaire; SPPB, short physical performance battery.
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Table 3  Effects of a 3-week home-based pulmonary rehabilitation
programme during exacerbations of chronic obstructive pulmonary
disease (n=50)

Experimental group  Control group

(n=24) (n=26) GroupxTime

Mean A (95% Cl) Mean A (95%Cl) interaction
BPAAT, total score 3.5(2.7;4.3)* -0.4(-1.2;0.3) <0.001
mMRC, grade —0.5(-0.8; -0.3)* 0(-0.3;0.3) 0.006
CAT, total score -125(-15.4; -9.5)* -5.8(-8.7; -3)* 0.002
LCADL, total score -5.4 (-8.1;=2.7)* 0.1(=2.5;2.7) 0.006
LCADL, % score -9.1 (=13.1;, -5.2)* 0(-3.8;3.9) 0.001
FACIT-F, total score 11.2 (8.3; 14.1)* 3.4(0.6;6.2) 0.001

CASA-Q, score

Cough symptoms 46.7 (33.4; 60)* 23.1(10.3;35.9)*  0.006

Cough impact 43.8 (32.2;55.4)* 23.7(12.5;34.8)*  0.047

Sputum symptoms 46.5 (32.3; 60.8)* 31.1(17.4;44.8)*  0.081
)

Sputum impact 36.6 (23.6; 49.5)* 28.7 (16.2;41.1)*  0.948

CIS-8, total score -11.8(-15.8;-7.8)* -4.3(-8.2;-0.5) 0.003
Handgrip strength, kg 2.1(0.9;3.3)* -0.5(~1.8;0.7) 0.003
Handgrip strength, %pred 6.9 (3; 10.7)* -1.4(-5.4;2.6) 0.004
Biceps muscle strength, kgf 2.3 (1.1;3.5)* -0.1(-1.2;1.1) 0.004
Biceps muscle strength, 10.4 (5;15.8)* —-0.5 (-6.1; 5) 0.006
%pred

Quadriceps muscle 3.9(2;5.9)* -0.4 (-1.7;0.9) <0.001
strength, kgf

Quadriceps muscle 12.4 (6.5;18.2)* -1.3(-5.3;2.8) <0.001

strength, %pred

5-repetitions sit-to-stand ~ —2.6 (=5.1; =0.2)* -0.4(-2.7;1.8) 0.002
test, s

SPPB, total score 1.4(0.8; 2)* 0.6 (-0.1;1.2) 0.049
1 min sit-to-stand test, 4.4 (2.5;6.3)* 2(0.3;3.9) 0.061
repetitions

1 min sit-to-stand test, 13.7 (7.8;19.7)* 7.1(0.8;13.4) 0.086

%pred

Chester step test, n° of 23.4(6.2; 40.5)* 11.6 (1;22.3)* 0.047

steps

N° ECOPD-related
unscheduled healthcare
visits (at Post)

Data are presented as mean (95% Cl), unless stated otherwise. Bold denotes a significant
group*time interaction. Mean A, mean change post-baseline.

*Significant time effect (baseline vs post).

tP value from Mann-Whitney U test.

BPAAT, Brief Physical Activity Assessment Tool; CASA-Q, Cough and Sputum Assessment
Questionnaire; CAT, COPD Assessment Test; CIS-8, Checklist Individual Strength 8-Items
Questionnaire; ECOPD, exacerbation of chronic obstructive pulmonary disease; FACIT-F,
Functional Assessment of Chronic Iliness Therapy—Fatigue Scale; LCADL, London Chest
Activity of Daily Living Scale; nMRC, modified Medical Research Council dyspnoea
questionnaire; SPPB, short physical performance battery.

0(0; 0) 0(0;2) 0.025+

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.

Reabilitacao

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.l 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 A -12.5 (-15.4; -9.5)
vs CG A —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 alonger 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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Table 4 Qualitative themes and subthemes with supporting illustrative quotes of participants with an exacerbation of chronic obstructive
pulmonary disease included in the experimental group, at the end of the 3-week home-based pulmonary rehabilitation programme

Theme Subtheme lllustrative quote

Impact of the PR Overall impact | think everything improved. | feel better in everything (...) | can say, considering how | was, | can even say that | am almost at

programme 100%. Comparing with how | was, how | was feeling lately... To my day-to-day, | am better, of course (...)

Symptoms relief | feel much, much better in comparison with the first day. | had a lot of cough, shortness of breath, and I felt really bad, I didn't feel
well at all. | couldn’t sleep. Now, at the end of the PR programme, | feel good, | am alreadly able to do the exercises and | don't feel
so tired, { am able to breathe much better. (...) I used to have more difficulties sleeping. There was also the cough, but now it is
gone.

Regaining control of | improved in all activities, in everything. (...) Before I couldn’t walk much, now | can walk a lot. Now | am able to sweep the stairs

daily life up and down. And | know how to... yeah, | am now able to do a lot of things that | couldn’t do before.

Health recovery | felt more stable. | felt with more... more, with a bit more health.

Overcoming isolation, Therefore, the impact this programme have is that | feel more protected because | know what is going on with me and what | will

stress and fears need to do to not get worse. (...) The impact that it had I think it is more mental, more psychological, because | am better informed
()

Feeling empowered Now ! got clarified regarding the breathing control. | already have a self-control, minimum, but | already have it. | know that any
effort | make, | can sit and control my breathing and it will relieve me faster.

Thoughts Design and setting For me everything was positive. (...) All the programme, it was adequate and positive. (...) Hmm, | think there is nothing to change

about the PR (...) Everything | did was normal.

programme Exercises and support The leaflets are good. Everything was easy to understand, both from reading and from talking with you. The language was easy to
materials understand. (...) The feaflets | think they are all very explicit in what we need to do.

Education and breathing [ think this is a good programme, that in fact everyone who has this health problem should do, because it teaches you, you learn

techniques to regain a lot, how to deal with the disease, how to improve your physical condition, basic knowledge and really important for this type of

control disease, and | think that it was really good. (...) Because it taught me new information regarding exercise, and many other things,
and it taught me a lot.

Need for a longer Ah if | could have the programme during more time it would be better. | would do more sessions because it is for my own good.

programme Because when someone sees that it is for our own good, we ask for more.

Support from health Having a physiotherapist taking care of us, at least one or two times per week, | think it is really good for us.

professionals

(Lack of) | can do it alone To do the exercises at home alone it is really easy! Easy. | do it really easily. | already did some exercises. And | am going to continue

Motivation to
continue the PR
programme

| can’t do it alone
you, then you will do it.

PR, pulmonary rehabilitation.

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,”* 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.? * % Hence, pharmacological treatment is likely insufhi-
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-

225

doing them. It is for my own good. | have to continue doing them.

If 1 am here alone, | can't do anything. (...) To exercise alone is nothing, nothing. | lack the will to do it. If someone is motivating

lity up to 6 months after hospitalisation for ECOPD, hence, poor
prognosis.?® Moreover, an association between change in the CAT
score and change in systemic inflammation following ECOPD
has been shown,” with low levels of recovery in the CAT (<4
points) being associated with treatment failure.® 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.**-* 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.* ** 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.’ 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.® By leading to a positive self-perceived
impact on symptoms, activities of daily living, functional capa-
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Figure 2
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Joint display presenting the integration of quantitative and qualitative data. Data are presented as median change [first quartile; third

quartile] and represent the results obtained in the experimental group. 1-minSTS, 1 min sit-to-stand test; BMS, biceps muscle strength; BPAAT, Brief
Physical Activity Assessment Tool; CASA-Q, Cough and Sputum Assessment Questionnaire; CAT, COPD Assessment Test; CIS-8, Checklist Individual
Strength 8-Items Questionnaire; CST, Chester Step Test; FACIT-F, Functional Assessment of Chronic liness Therapy—Fatigue Scale; Imp, impact
subscore; LCADL, London Chest Activity of Daily Living Scale; mMRC, modified Medical Research Council dyspnoea questionnaire; PR, pulmonary
rehabilitation; QMS, quadriceps muscle strength; SPPB, short physical performance battery; Sym, symptoms subscore.

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.* 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)*” 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.**

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

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 ECOPD*and criti-
cally ill patients with COPD in intensive care.*® 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,* 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
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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.

X Ana Machado @filipa__machado
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Disponibilidade, custo e acessibilidade de
medicamentos essenciais para a cessacao do
tabagismo em paises de baixo e médio
rendimento: um estudo transversal

Catherine Plum," Marie Stolbrink,%* Obianuju Ozoh,**> Shamanthi Jayasooriya,®
Rebecca Nightingale,” Kevin Mortimer,®%'% David Halpin'!

RESUMO

A cessacao do tabagismo é mais eficaz quando apoiada
por medicamentos. Os dados sobre a disponibilidade,
custo e acessibilidade desses tratamentos em paises de
baixo e médio rendimento (LMIC) sdo limitados. Foram
recolhidos dados transversais sobre medicamentos para
cessacdo do tabagismo em farmdcias, unidades de saide
e armazéns centrais de medicamentos em 60 LMIC
(2022-2023). Os medicamentos apresentaram dispo-
nibilidade variavel, grandes variacées de preco e foram
essencialmente inacessiveis. Garantir o acesso a esses
medicamentos é fundamental para reduzir o consumo de
tabaco e as doencas associadas. Sdo necessarias estraté-
gias para integrar os servicos de cessacdo do tabagismo
nos sistemas de satde, a fim de alcancar as metas dos
Objetivos de Desenvolvimento Sustentavel.

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.! The WHO MPOWER measures outline
ways to reduce tobacco consumption, including
‘offering help to quit’* Over 80% of tobacco smo-
kers live in low-income and middle-income coun-
tries (LMIC),? and smoking cessation medications
should be accessible and affordable to all.*
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.® 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.® 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.” Global vareni-
cline supply was interrupted in 2021, so it was not
explored in this study.® This survey was nested in
the Thorax-published study on the accessibility of
chronic respiratory disease medicines (online sup-
plemental appendix).’

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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Table 1 Comparisons of availability, cost and affordability of WHO
EML medicines for smoking cessation in LMIC

Table 2  Availability of WHO EML medications for smoking cessation
by World Bank country income level

Smoking cessation medications

Nicotine
transdermal
patch (15-30
mg/16 hours;
Survey Nicotine gum 7-21 mg/24  Bupropion
Facility measurement (2mg, 4mg)  hours) tablets (150 mg)
Pharmacy Availability 20/57 13/57 2/57
Median cost 96 62.09 143.89
(IQR, US$) (65.13-123.98) (51.54-100.90) (129.38-158.40)*
Median DOW  10.35 5.84 31.76
(IQR) (5.74-51.07) (3.16-40.03) (6.37-57.16)*
HCF Availability 5/56 6/56 2/56
Median cost 61.94 68.61 25.10
(IQR, US$) (55.88-89.05)  (43.80-307.31) (23.42-26.78)*
Median DOW  3.81 27.78 1.38
(IQR) (3.26-7.70) (3.01-60.53)  (1.32-1.43)*
CMS Availability 4/46 5/46 1/46
Median cost 65.72 43.72 NIA
(IQR, US$) (11.44-120.00) (12.00-124.29)

Cost: Supply for one month's treatment was guided by average daily cigarette
consumption in LMIC of 10 cigarettes/day. One month's supply of nicotine gums
was 10 gums/day, 30 transdermal patches (1 patch/day) and for bupropion 60
tablets/month based on average maintenance dose. Affordability was not calculated
for CMSs as their prices were wholesale prices.

*IQR could not be calculated due to missing information on price so results given as
median (minimum-maximum).

CMS, central medicine store; DOW, days of work required to pay for 1 month's
treatment; HCF, healthcare facility; LMIC, low-income and middle-income countries;
NIA, no information available.

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.

Nicotine replacement gum

Figure 1

Low-
income Low-middle-  Upper-middle-
country  income income country
Medication Availability (n=18) country (n=24) (n=17)
Nicotine gum  Pharmacy 5 5 10
@2mg. 4mg) e 0 1 4
CMS 0 1 3
Nicotine Pharmacy 3 2 8
transdermal HCF 0 3 4
patch
(15-30 mg/16  CMS 0 2 3
hours; 7-21
mg/24 hours)
Bupropion Pharmacy 0 1 1
tablets
HCF 0 0 2
(150 mg)
CMS 0 0 2

Pharmacies n=57 LMIC, HCF n=56 LMIC, CMS n=46 LMIC. Venezuela was not
dlassified.

CMS, central medicine store; HCF, healthcare facility; LMIC, low-income and middle-
income countries.

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.' 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

Nicotine replacement patch

Availability and affordability of nicotine gum, nicotine patches and bupropion by region.
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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.

X Shamanthi Jayasooriya @de_shami
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Papel dos corticosteroides orais no tratamento
da sibilancia aguda em criancas em idade pré-

escolar

Shaun O" Hagan,"? Hannah Norman-Bruce,? Michael Shields,** Helen

Elizabeth Groves'?2

No Reino Unido (UK), a sibilancia pré-
escolar é geralmente definida como ocor-
rendo em criangas entre 1 e 5 anos de idade.
Estudos de prevaléncia indicam que um
terco das criangas experimenta pelo menos
um episddio de sibilancia antes dos 3 anos,
aumentando para metade de todas as crian-
¢as aos 6 anos.! Esses episddios agudos
representam um grande impacto na sadde
publica, causando morbidade significativa,
estresse parental e redugdo da produtivi-
dade, com custos anuais de saiide no Reino
Unido superiores a £53 milhdes.>?

A natureza multifatorial da sibildncia
pré-escolar aguda (APSW) faz com que,
na realidade, seja um termo abrangente,
englobando varios fendtipos em vez de uma
entidade Gnica.! Em 2008, a Forga-Tarefa da
Sociedade Respiratéria Europeia recomen-
dou a classificagdo dos fenétipos clinicos
em sibilancia viral episédica (EVW) ou
sibilancia de multiplos gatilhos (MTW).* A
EVW ¢é mais comum, geralmente associada
a infegOes respiratdrias virais e sintomas
minimos entre episédios,* enquanto crian-
cas com MTW sdo mais frequentemente
atopicas, podem ter histérico familiar de
asma, apresentam sintomas entre episodios
e tém maior probabilidade de desenvolver
asma.” No entanto, ha debate significativo
sobre a utilidade dessa terminologia, pois a
classificagao ndo leva em conta a gravidade
ou frequéncia da sibilancia, e muitas crian-
¢as apresentam sobreposi¢do fenotipica.>”’
Além disso, ha evidéncias limitadas de que
esses fendtipos preveem padroes de sibilan-
cia a longo prazo ou resposta terapéutica.’

Abordagens de tratamento As estratégias
de gestdo da APSW nio sdo especificas para
fenotipos e muitas vezes sdo extrapoladas
de algoritmos desenvolvidos para crian-
cas mais velhas com asma.*® 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 gestdo da asma aguda e da sibi-
lancia em criangas.®” Em criangas com
sintomas graves que requerem hospitali-
zag¢do, os corticosteroides orais (OCS) sdo
recomendados como parte da escalada do

"Paediatric Infectious Diseases, Royal Belfast
Hospital for Sick Children, Belfast, UK
*Wellcome-Wolfson Institute for Experimental
Medicine, Queen’s University Belfast School of
Medicine, Belfast, UK

*Paediatric Respiratory Medicine, Royal Belfast
Hospital for Sick Children, Belfast, UK
Correspondence to Dr Helen Elizabeth Groves;
h. groves@ qub. ac. uk

cuidado.” No entanto, em criangas pré-
escolares com sibilancia leve a moderada,
as diretrizes atuais ndo sdo claras quanto a
prescri¢do de OCS. As diretrizes do Reino
Unido sugerem que os OCS devem ser con-
siderados em casos de diagndstico existente
ou suspeito de asma subjacente, mas reco-
mendam cautela em criancas mais novas
que ndo se enquadram nessa categoria.®

Determinar se uma crianga pré-escolar
tem asma subjacente é extremamente dificil
no contexto agudo, pois ndo hd uma defi-
ni¢do universalmente aceita ou teste diag-
nostico para asma, e o diagndstico depende
fortemente do histérico clinico e da resposta
a um tratamento preventivo experimental.'’
Além disso, criangas mais novas com APSW
sdo dificeis 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."! As evidéncias atuais, incluindo uma
meta-andlise da Cochrane, ndo apoiam
o beneficio clinico dos OCS na gestdo da
bronquiolite por virus sincicial respiratério
(RSV).!:12 No entanto, evidéncias emer-
gentes sugerem heterogeneidade dentro da
bronquiolite, e pode haver fenétipos 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 variagio sig-
nificativa na pratica clinica entre os departa-
mentos de emergéncia pedidtrica do Reino
Unido.

Ensaios clinicos randomizados (RCTs)
que examinaram o impacto dos OCS na
APSW produziram resultados conflitantes.
Uma meta-analise de 2016, que incluiu 11
estudos sobre APSW, ndo demonstrou efi-
cacia geral dos OCS em comparagdo com
placebo na reducdo de hospitalizagoes,
necessidade de corticosteroides sistémicos
adicionais, duragdo da hospitalizagdo ou
atendimentos ndo programados no ser-
vigo de emergéncia (razao de risco: 0,73; IC
95% 0,35 a 1,52)." No entanto, foi obser-
vada heterogeneidade significativa entre
os estudos, e uma analise estratificada para
o ambiente de emergéncia encontrou que
criangas que receberam OCS tiveram menor
risco de hospitalizacdo e menor necessidade
de corticosteroides sistémicos adicionais.
Os autores concluiram que mais estudos sdo
necessarios.

O maior ensaio clinico randomizado
(RCT) incluido na meta-andalise de 2016,
conduzido por Panickar et al, ndo encontrou
diferenca significativa entre corticosteroides
orais (OCS) com prednisolona por 5 dias e
placebo no desfecho primario de duragéo

da hospitalizagdo (13,9 horas vs. 11,0 horas)
ou nos desfechos secundérios (pontuagio
PRAM aos 4, 12 e 24 horas, uso de salbuta-
mol e pontuagao de sintomas aos 7 dias) em
criangas de 10 meses a 6 anos com sibilancia
leve a moderada.'*

As principais criticas a este estudo incluem
um possivel “efeito teto”, ou seja, um grande
numero de criangas incluidas apresentava
sintomas leves (pontuacio PRAM média
de 4,3 em 12), tornando menos provavel
que mostrassem beneficio do tratamento.
Além disso, uma propor¢ido substancial dos
participantes tinha menos de 2 anos (idade
média de 26 meses), o que pode refletir a
inclusdo de um maior nimero de criancas
com bronquiolite por virus sincicial respi-
ratdrio (RSV), a causa mais comum de infe-
¢do do trato respiratério inferior (LRTI) em
criangas 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 criancas australianas de 24 a 72 meses
com APSW e demonstrou uma redu¢io
significativa na mediana da duragdo da
hospitalizagao (diferenga de 170 minutos)
em criangas que receberam prednisolona (1
mg/kg/dia por 3 dias) versus placebo.”” Em
claro contraste com Panickar ef al, criangas
menores de 2 anos foram excluidas, e uma
propor¢ao maior de criangas apresentou
sibildncia moderada a grave. Com uma
idade média de 41 meses, esta populagdo
estudada representa melhor a faixa etdria
pré-escolar, em vez de um grupo predomi-
nantemente afetado por bronquiolite.

O estudo foi criticado por uma mudanca
pds-hoc no plano de analise, de nio inferio-
ridade para superioridade, bem como pela
alteracio do desfecho primdrio, de duragéo
da estadia no servigo de emergéncia (ED)
e duragdo total da hospitalizagdo, para um
desfecho combinado de duragio total da
hospitalizacao.’® No entanto, os autores
refutaram essas criticas, destacando que
a duragdo total da hospitalizacao foi pré-
especificada como um dos dois desfechos
primarios, e que todas as andlises estatisti-
cas foram realizadas antes da revelacido dos
dados.”

Mais recentemente, Wallace et al condu-
ziram um RCT em 477 criangas da Nova
Zelandia, com idades entre 24 e 59 meses,
com APSW. Este estudo negativo nio con-
seguiu demonstrar um desfecho primario
estatisticamente significativo entre predni-
solona (2 mg/kg/dia por 3 dias) e placebo
na alteragdo da pontuagdo de sintomas res-
piratérios (PRAM) em 24 horas (diferenca
média —0,39, IC 95% —0,84 a 0,06, p=0,09).>
Além disso, ndo houve diferenca entre os
grupos em relagdo ao tempo necessario para
retomar atividades habituais ou as taxas de
retorno ao hospital dentro de 7 dias.?

No entanto, foram observadas melhorias
significativas em varios desfechos secunda-
rios, incluindo pontuagao PRAM absoluta
mais baixa aos 4 e 24 horas (ambos p=0,01)
no grupo prednisolona. Sdo necessarios
mais estudos para validar prospectivamente
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esses desfechos secundérios e determinar se
existem subgrupos que possam beneficiar
dos OCS.?

Resultados varidveis dos RCTs dispo-
niveis Os resultados varidveis dos ensaios
clinicos randomizados (RCTs) provavel-
mente refletem diferencas no desenho dos
estudos, particularmente idade dos parti-
cipantes, gravidade da doenga, medidas de
desfecho primdrio e defini¢do dos fenétipos
de APSW. As intervengdes estudadas tam-
bém variaram consideravelmente, incluindo
diferentes medicamentos esteroides, doses e
duragdes de tratamento, refletindo a varia-
¢do na prescricdo de esteroides na pratica
clinica. De fato, estabelecer medidas padro-
nizadas de desfecho tem sido um desafio,
com os RCTs mencionados estudando dife-
rentes desfechos primarios.>'*!>

Além disso, estabelecer consenso sobre
um desfecho clinicamente relevante é deba-
tido e varia entre médicos, criangas e seus
cuidadores.” Se a reduc¢do da duragido da
hospitalizagao (LOS) for considerada um
desfecho prioritario, quanto de redugdo
justifica a prescrigao de OCS ainda ndo esta
claro. Notavelmente, Panickar et al relata-
ram negativamente uma estadia 16% mais
curta (114 min) no grupo OCS, semelhante
aredugdo de 18% (170 min) relatada positi-
vamente no grupo OCS de Foster et al. Uma
revisdo sistematica recentemente publicada
também buscou avaliar a eficacia dos OCS
para APSW por meio de uma meta-analise
de dados individuais dos participantes.'” A
analise de dados de quatro estudos (1360
doentes) demonstrou que a dura¢io da
hospitaliza¢do foi significativamente redu-
zida no grupo OCS (diferenga média de
3,1 horas na sibilancia moderada a grave e
2,23 horas na sibilancia leve)." As opinides
sobre se uma redugéo de 3,1 horas na hos-
pitalizagdo é suficientemente benéfica para
compensar os possiveis efeitos colaterais
dos OCS variam. Alguns podem conside-
rar essa dura¢do uma troca inadequada,
enquanto outros, como médicos de emer-
géncia, podem considera-la uma redugdo
valiosa e importante. Sdo necessarios mais
estudos para avaliar as opinides de cuidado-
res e médicos sobre essa questao.

O papel da etiologia viral na APSW na
literatura, sugere que um subgrupo de
APSW pode se beneficiar dos OCS. Ha evi-
déncias emergentes de que a etiologia viral
pode desempenhar um papel importante na
identificagao desse subgrupo. As estimativas
da etiologia viral na APSW variam ampla-
mente, de aproximadamente 30% a 90%, e
uma revisdo sistematica recente identificou
os virus mais frequentemente implicados
como rinovirus (RV) (35,6%) e virus sinci-
cial respiratorio (RSV) (31,0%). O RV é a
causa mais comum de sibildncia em criangas
e, comparado a outros virus, estd mais fre-
quentemente associado a episddios recor-

rentes de sibilancia suficientemente graves
para necessitar de atendimento hospitalar.?
A infecgdo por RSV, além de sua associagdo
com bronquiolite, estd sendo cada vez mais
reconhecida como uma causa significativa
de infegdo respiratoria aguda (LRTI) em
criangas pré-escolares mais velhas, com 33
milhdes de LRTIs associadas ao RSV global-
mente em criangas menores de 5 anos em
2019."2

Até 0 momento, a maioria dos RCTs sobre
OCS na APSW nio realizou testes de virus
respiratdrios, dificultando a avaliagdo do
impacto da etiologia viral na eficicia dos
OCS. Como mencionado anteriormente, a
inclusdo de criangas menores de 24 meses
¢ uma limita¢ao 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, ndo responde a terapia
com OCS. Foster et al, que relataram bene-
ficios com OCS, descreveram testes virais
em 531 participantes do estudo, dos quais
65% tinham pelo menos um virus detec-
tado.” A analise de subgrupos por tipo de
virus demonstrou tendéncias de melhora no
desfecho primario para prednisolona versus
placebo na etiologia viral ndo-RSV, mas o
estudo ndo teve poder estatistico suficiente
para demonstrar significancia.

Infecgdo bacteriana e coinfecgdo também
podem desempenhar um papel importante.
Isso foi avaliado por meio de amostras de
lavagem broncoalveolar eletiva em criangas
pré-escolares entre episodios de sibilancia
aguda, mas mais pesquisas sdo necessarias
para avaliar o papel da infec¢do bacteriana
no contexto agudo.

Conclusdo, até o momento, os RCTs
falharam em fornecer evidéncias robus-
tas para esclarecer a pratica clinica. Séo
necessarios ensaios clinicos que avaliem
o uso de OCS em fendtipos especificos de
sibildncia (que se espera que respondam) e
APSW causada pelos dois virus desencade-
antes mais comuns (RSV e RV) para com-
preender melhor essa questdo complexa.
Isso pode exigir processos inovadores para
caracterizar rapidamente os fendtipos de
APSW no contexto de emergéncia, a fim de
superar a abordagem “tamanho unico”. O
uso de testes adicionais, como testes rapi-
dos de patdgenos respiratorios virais/bacte-
rianos, testes rapidos de eosinofilia (sangue
ou nasal), fragdo de 6xido nitrico exalado
e breath-omics, merece consideragdo em
trabalhos futuros. No entanto, essas fer-
ramentas ainda nao foram validadas para
avaliacdo da APSW no contexto agudo, e
muitas provavelmente serdo impraticaveis
para implementa¢do em um ambiente de
emergéncia movimentado.

Dado o impacto substancial da APSW
e os potenciais efeitos negativos dos OCS
na saude infantil, mais esclarecimentos sio
urgentemente necessarios.
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Cigarros eletronicos: quem sabe melhor, a

OMS?

Ross John Langley," Elif Dagli,2 Andrew Bush?

Todos estdo familiarizados com os efeitos
devastadores do tabagismo, que afetam
especialmente as familias de baixa renda.
No século XX, a industria global do tabaco
utilizou diversas taticas de marketing, mui-
tas vezes direcionadas a grupos especificos,
incluindo criancas e jovens (CYP). Essas
estratégias incluiram publicidade estratégica
na midia, patrocinios (incluindo grandes
eventos desportivos) e colocagdo de produ-
tos em filmes. Vergonhosamente, médicos
também participaram dessas campanhas
publicitarias. Regulamentagoes sobre publi-
cidade, tributagdo, restri¢des ao uso publico
e mudancas na opinido social reduziram sig-
nificativamente o uso do tabaco e melhora-
ram os resultados de satde.

No entanto, a industria do tabaco con-
tra-atacou com os cigarros eletrénicos.
Especialmente em Inglaterra, alega-se
repetidamente que esses dispositivos sao
a chave para acabar com a dependéncia
do tabaco e que sdo 95% mais seguros do
que os cigarros tradicionais. Embora haja
espacgo para a redugido de danos, os cigar-
ros eletrénicos sdo realmente a solu¢do?
A Sociedade Respiratoria Europeia (ERS)
rejeita firmemente essa ideia.! Além disso,
a redugdo de danos deve abranger toda a
comunidade, ndo apenas os fumadores.
Criancas e jovens estdo cada vez mais vul-
neraveis devido as estratégias de marketing?
atuais. Preocupantemente, um em cada seis
vapes confiscados de criancas em idade
escolar contém a droga Spice. Sem duvida,
a industria do tabaco alegaria que nio tem
responsabilidade, mas ndo pode escapar as
consequéncias de seus dispositivos chega-
rem as maos das criangas.

Surpreendentemente, o Royal College of
Physicians publicou um documento sobre
reduc¢do de danos sem envolver pediatras
respiratdrios.’ Este artigo destaca o com-
portamento enganoso recente da industria
do tabaco, estudos emergentes que levan-
tam preocupagdes sobre seguranga, novas
diretrizes da OMS e da ERS, e a nova legis-
lagio proposta no Reino Unido. Uma inves-
tigacao recente’ revelou que as estratégias
de marketing e os conselhos de seguranga
foram influenciados pela mesma inddstria
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 evidéncia em consul-
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tas governamentais. Eventos de cessa¢do
do tabagismo pro-vaping (onde cessagao
do tabagismo significa trocar para cigarros
eletrénicos, nio abstinéncia de nicotina!)
foram financiados pela industria do tabaco
e frequentados por médicos briténicos.®

O fabricante de cigarros eletrénicos JUUL
pagou quase meio bilhdo de ddlares para
resolver processos de varios estados dos
EUA sobre publicidade ilegal direcionada a
menores. Os fantoches podem ter mudado,
mas o mestre continua o mesmo. A transpa-
réncia na industria dos cigarros eletrénicos
continua sendo uma contradi¢do. Assim
como ocorreu com o tabaco no século XX,
as empresas parecem tentar ocultar, mani-
pular ou negar preocupagdes sobre o0s riscos
a saude dos cigarros eletrénicos.

Os cigarros eletréonicos sdo realmente
mais seguros que o tabaco? Existem duas
razdes pelas quais os efeitos adversos podem
nédo ser detectados: primeiro porque nio
existem e segunda, porque nao foram inves-
tigados suficientemente ou no lugar certo.

Filosoficamente, apenas a falta de segu-
ranga pode ser provada, ndo a seguranca.
Isso precisa ser enfatizado, pois muitos
aderiram a ideia de que os cigarros eletro-
nicos sdo seguros. Por exemplo, um estudo
concluiu que “o uso regular de cigarros ele-
tronicos ou adesivos de nicotina por gestan-
tes fumadoras néo parece estar associado a
efeitos adversos’,® apesar dos efeitos bem
conhecidos da nicotina no desenvolvimento
pulmonar. A nicotina é uma substincia
viciante com toxicidade multiorganica ao
longo da vida. O principio da precaugdo ndo
deve ser descartado.

Estudos recentes demonstraram que cen-
tenas de compostos sdo produzidos quando
os liquidos dos cigarros eletronicos sao
aquecidos, incluindo tributilfosfina,” um
quimico industrial perigoso. Além disso, o
vaping foi associado a alteragdes no trans-
criptoma do tecido pulmonar,® mudangas
epigenéticas semelhantes as observadas no
cancro de pulmao, e alteragdes na expressiao
proteica das vias respiratorias que se sobre-
poem as caracteristicas da asma eosinofilica
e neutrofilica.’ O vaping tem multiplos efei-
tos adversos em individuos com asma. A
toxicidade aguda do vaping é muito maior
do que a do tabaco, causando lesdes pul-
monares induzidas por cigarros eletréni-
cos, sem equivalente no tabaco tradicional.
Diante desses factos, como podemos afir-
mar com confianga que os cigarros eletr6-
nicos sdo seguros a longo prazo?

A OMS publicou recentemente um quadro
de “seguranca em primeiro lugar” baseado
em dados mundiais e independentes para
auxiliar o desenvolvimento de politicas sobre
cigarros eletrénicos. ' O Reino Unido seria
bem aconselhado a adotar este quadro global

posicdo, em vez de ser um caso atipico
internacional. Ou toda a gente esta errada,
ou a industria estd a fazer o Reino Unido
de parvo. As mensagens da OMS séo claras
(caixa 1), apesar de, infelizmente, a Food and
Drug Administration ter aprovado a publi-
cidade de vaporizadores de mentol para
a cessagdo tabagica.'' A British Pediatric
Respiratory Society publicou também recen-
temente um documento de posi¢do, que esta
estreitamente alinhado com as declaracdes
da OMS e de outras sociedades interna-
cionais. E também de esperar que o Royal
College of Paediatrics and Child Health adote
formalmente esta declaragio.

Pode haver luz na escuriddo. O Reino
Unido propde proibir os cigarros eletrd-
nicos descartaveis “o mais rapido possi-
vel”’?, mas com um periodo de transi¢do
de pelo menos 6 meses para que as empre-
sas possam adaptar-se. Adaptar-se a qué?
Encontrar formas de contornar as regula-
mentagdes? O mesmo relatdrio afirma que
“estamos a reforcar a regulamentac¢éo dos
sabores de vape, das embalagens e da forma
como sdo exibidos nas lojas” e que “para
combater as vendas a menores, os agentes
de fiscaliza¢io terdo o poder de emitir mul-
tas imediatas quando detectarem a venda
de tabaco e vapes a criangas na Inglaterra e
no Pais de Gales”. As escolas serdo alvo de
medidas—precisam de ter uma “politica”,
aquela tatica antiga e desgastada usada
para empurrar um problema para o futuro.
Quem conhece a linguagem governamen-
tal percebera imediatamente a preocupante
falta de detalhes.

Falar em reforgar a regulamenta¢io dos
sabores é estranho, porque como se reforga
algo que nio existe? Prepare-se para uma
rea¢do bem financiada e bem direcionada
da industria do tabaco, e fique atento aos
detalhes, onde o perigo e a industria esta-
rdo a espreita. Ja estamos a ver publica-
¢bes que destacam quantos adultos serdo
afetados pela proibigdo, como se isso fosse
relevante.

Caixa 1 — Recomendacoes da

OMS

> Proibir explicitamente os sabores,
incluindo mentol e andlogos sin-
téticos de mentol.

» Limitar a concentrac¢do de nicotina.

» Aumentar a tributagao.

» Os paises devem continuar a
promover medidas de cessagao
do tabagismo utilizando apenas
métodos comprovados e nio
seguir uma estratégia que per-
mita a comercializagao dos cigar-
ros eletronicos como produtos de
consumo.

> Se os cigarros eletronicos forem
usados como auxiliares na ces-
sacdo do tabagismo, devem ser
regulamentados como medica-
mentos.
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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 minima para compra de tabaco tam-
bém é bem-vindo, desde que seja efetiva-
mente aplicado. Mas isso ndo ¢é suficiente.
Apelamos ao governo para que assine o
quadro da OMS sobre cigarros eletronicos
e o implemente imediatamente.
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