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Editorial

Ultimo trimestre do ano, outono / inverno, regressam em forga as infe¢des respiratdrias virais. E este ano com
uma intensidade que esta a afetar imenso a populagdo de todos os grupos etarios. E este impacto ja o estamos
a sentir na nossa pratica clinica. SARS-CoV-2, influenza, VSR, et al. estdo por ca, sds e associados, sempre com
as bactérias a espreitar... é tempo de tratar e, em especial, de prevenir. Vacinar, vacinar, vacinar! Sem hesitagoes.
A pandemia teve e vai continuar a ter muitas consequéncias...

Neste nimero da revista trazemos ao Vosso conhecimento um interessante conjunto de artigos que realcam
a abordagem de diferentes condi¢des clinicas, em todos os grupos etdrios, do diagnéstico ao tratamento,
incluindo a importancia da vacinagdo contra a COVID-19 desde a idade pediatrica.

Mas gostariamos aqui de destacar o artigo “Aplicacdo em telessatide de um espirdmetro ultrassénico domici-
lidrio” de Doumit e colaboradores. Encontrou esta equipa de investigagdo australiana uma excelente fiabili-
dade entre medigoes deste dispositivo validando a sua utilizagdo em telesatide, mas realcando a existéncia de
amplos limites de concorddncia com os equipamentos de laboratorio, o que pode limitar a interpretagao de
resultados colhidos em diferentes contextos.

Importa realgar que a pandemia COVID-19 nos abriu e permitiu aprofundar toda uma nova area de atuagao
para a telemedicina. Ela j existia, expandiu-se imenso e temos de a promover e manter. Ndo pode ser guar-
dada no armario do esquecimento.

A telemedicina pode ser definida como o uso de informagdes, comunicagdes ou tecnologias eletronicas usa-
das por profissionais de satide para apoiar e fornecer cuidados clinicos a pessoas que nao se encontram nas
instituicoes de saude, independentemente da distancia.

Se pensarmos nas doencas respiratdrias cronicas obstrutivas, nao transmissiveis, como é o caso da DPOC e
da asma, que como sabemos tém elevadas prevaléncias, a telemedicina estd ca para ajudar. Telerreabilitagao,
educagdo em saude, telemonitorizagao, detegdo precoce de agudizagdes, apoio psicossocial e cessagdo do taba-
gismo com recurso a programas de telemedicina permitem a prestagao de cuidados de satde de qualidade a
pessoas com DPOC, em especial para os que tém maior limita¢ao no acesso aos servigos de satide presenciais.
Em pessoas com asma, a telemedicina é eficaz para melhorar a técnica inalatoria, aumentar a adesao a medi-
cagdo e a autogestdo da doenga, bem como na promogéo da educagio em saude.

E indiscutivel a importancia das consultas virtuais e o uso de ferramentas méveis e/ou baseadas na web para
gestdo / monitorizagdo dos doentes, mas as limitagdes técnicas ainda sao frequentes, a literacia digital ainda
nao atinge valores desejaveis e, com a utiliza¢ao destes métodos, privacidade e seguranca continuam a ser
preocupagdes muito significativas. Mas temos de avangar, aprofundar conhecimentos, influenciar as decisoes
pois a telemedicina tem de ser assumida como uma drea prioritdria no nosso sistema de satde.

Boas leituras,

Mdrio Morais de Almeida
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Bronquiectasias infantis, o pouco que se sabe

Siobhdn B Carr,'? Stefan A Unger®*

As bronquiectasias infantis, ndo relacionada
com a fibrose quistica (FC), ainda sio classifi-
cadas como uma doenga 6rfa. Historicamente,
esta pouco investigada, ficando para tras na lite-
ratura adulta e de outras doencas pulmonares
cronicas pedidtricas, tais como a asma e a FC.
Nos tltimos anos, as bronquiectasias adultas
tem registado um crescimento significativo com
a formagao de varios grandes registos, como o
EMBARC (European Multicentre Bronchiectasis
Audit and Research Collaboration) e o BronchUK
(www.bronchiectasis.eu/ registo, www.bronch.
ac.uk). Estes registos demonstraram que as
bronquiectasias infantis e as bronquiectasias
adultas podem ter etiologias semelhantes, por
exemplo pos-infe¢do e secundaria & imunode-
ficiéncia, mas também demonstraram causas e
comorbilidades potenciais diferentes, tal como
a doenga pulmonar obstrutiva cronica presente
em cerca de 15% dos casos adultos.! Tanto nas
bronquiectasias adultas como nas bronquiecta-
sias pedidtricas permanece uma grande popula-
¢do com etiologia desconhecida, especialmente
na literatura pedidtrica, onde a prevaléncia
parece elevada nas comunidades autoctones.?

Thomas et aP’ exploram uma possivel etio-
logia da bronquiectasias examinando a sua
associagdo com a traqueomaldcia. Numa coorte
histérica num tnico centro pedidtrico tercidrio,
o grau de traqueomaldcia, definida durante a
realiza¢do de broncoscopia flexivel, foi com-
parado em criangas com ou sem evidéncia de
bronquiectasias em imagiologia de TC conven-
cional de alta resolu¢do (c-HRCT). O relatério
inclui um aumento da propor¢ao de qualquer
traqueomaldcia observada na coorte das bron-
quiectasias. Com recurso a uma analise multiva-
ridvel, demonstraram um aumento adicional da
significAncia da associagdo quando a traqueo-
maldcia foi definida como >50% de redugao
expiratdria no lumen traqueal transversal.

Com este artigo e outros, as bronquiec-
tasias estdo finalmente a ganhar destaque na
medicina pediétrica. A European Respiratory
Society (ERS) criou recentemente um grupo de
trabalho sobre bronquiectasias pediétricas que
contribuiu para a criagdo de uma rede global
de clinicos, pais e criangas: a Child-BEARNet
(Children’s Bronchiectasis Education Advocacy
and Research Network) (www.improvebe.org).
Esta rede visa impulsionar o desenvolvimento
de diretrizes, um registro e investigacao. A pri-
meira publicagdo de diretrizes para a pratica
clinica da ERS constitui uma referéncia aspi-
racional para todos os centros que cuidam de
criangas com bronquiectasias.! Varios paises ja
criaram as suas proprias redes de bronquiecta-
sias ndo-FC, incluindo o Reino Unido.

Através de inquéritos internacionais, o
grupo de pacientes da Fundagao Europeia do
Pulmao (European Lung Foundation | ELF |
Homepage) tem trabalhado com criangas e
jovens (CYP) com bronquiectasias e com os
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seus prestadores de cuidados para compreender
o impacto desta doenca crénica na qualidade de
vida. Este trabalho prosseguiu dando prioridade
as 10 principais dreas de investiga¢do, tanto para
CYP como para equipas clinicas multidiscipli-
nares.” Este “mapa” inclui uma melhor com-
preensao da etiologia da doenga, mas, sobretudo,
concentra-se nas dreas com maior impacto
sobre a vida didria, incluindo a fisioterapia e o
tratamento de agudizagdes.

Como pediatras especialistas nas doengas
respiratorias, tendemos a confiar fortemente
na riqueza da investigacdo dentro da literatura
sobre a FC para orientar as estratégias de tra-
tamento em criangas com bronquiectasias. No
entanto, em primeiro lugar, temos de reconhecer
que a FC e a sua etiologia sdo muito diferentes da
misceldnea que sdo as bronquiectasias nao-FC.
Em segundo lugar, temos de garantir que esta-
mos todos de acordo relativamente as defini¢oes
que utilizamos.

No essencial, as bronquiectasias sdo uma
defini¢do imagiolédgica da dilatagio das vias
aéreas observada em c-HRCT. Foi postulado
que deve ser utilizada uma defini¢do de cut-off
diferente na dilatagdo das vias aéreas em pedia-
tria, utilizando um récio broncoarterial de >0,8
em vez do réacio de 1,0 utilizado em adultos.
Contudo, as recentes diretrizes da ERS* destaca-
ram que a evidéncia para a utilizagio deste racio
¢ de qualidade inferior, havendo necessidade de
mais estudos e consenso entre radiologistas e
clinicos respiratdrios, bem como de assegurar a
uniformizagio da aquisi¢do de imagens do térax
por TC. Por outro lado, e quase mais importante,
as caracteristicas radiologicas podem ajudar
a definir o ‘estado de pré-bronquiectasias’ ou,
potencialmente, prever a progressio no contexto
da sintomatologia clinica ou de achados como a
traqueomalacia?

Asbronquiectasias podem ser vistas como a
fase final radiografica de muitas condigdes. Esta
associada ou pode conduzir a sintomas respira-
térios recorrentes e/ou persistentes, frequente-
mente uma tosse produtiva e crises frequentes
de infe¢do respiratdria, referidas como agudiza-
¢oes. Existe uma base de evidéncia emergente
sobre como tratar estas agudiza¢des,® mas muito
poucas evidéncias adicionais sobre as estratégias
de tratamento. Ao agruparmos muitas doengas
sob o termo geral de bronquiectasias, existe o
perigo de esquecermos as diferencas na etiolo-
gia e mecanismo e, essencialmente, as diferencas
potenciais na forma de tratamento. Uma crianga
com bronquiectasias causada por um insulto
estatico unico, tal como a pds-tuberculose ou
a inalagiio de um corpo estranho, é na verdade
extremamente diferente de uma crianga com
uma condigdo genética congénita, por exem-
plo, discinesia ciliar priméria (DCP). Também
devemos ter presente que nem todas as criangas
dentro de uma categoria etiologica como a DCP
sofrerao de bronquiectasias.

Qualquer estratégia de tratamento ou inves-
tigagdo futura devem focar-se tanto nas bron-
quiectasias ja estabelecidas como na prevengao
do estabelecimento de bronquiectasias. Com
uma interveng¢do precoce, pode ser possivel
prevenir mais danos, potencialmente inverter a
dilatagdo precoce das vias aéreas e até interferir
com o processo de dilatagdo pré-bronquica. Para
tal, é necessario compreender a progressao em
termos de como e quando é que uma crianga

Editorial

atravessa esse limiar de lesdo significativa das
vias aéreas.

Na edi¢do original da Thorax de junho, os
autores destacam a traqueomaldcia como um
exemplo potencial de um mecanismo causal.
Parece logico que uma fraca desobstrugado das
vias respiratorias possa causar infecdes recor-
rentes, conduzindo por sua vez a uma infla-
magao persistente e, eventualmente, a lesoes
das vias respiratérias. No entanto, nem todas
as criangas com traqueomaldcia apresentam
sintomas respiratorios ou desenvolvem bron-
quiectasias. E necessdrio estabelecer uma ver-
dadeira prevaléncia neste grupo de criangas e
explorar outros fatores que contribuam para
esta situa¢do. O impacto da traqueomaldcia
na desobstrucdo das vias respiratorias parece
diminuir com a idade 4 medida que as vias res-
piratdrias crescem.

Dadas estas novas descobertas, existem
outros mecanismos que podem conduzir a
uma fraca desobstrugdo das vias aéreas que
necessitam de mais atengdo, especialmente
considerando este estado de ‘pré-bronquiecta-
sias. Isto inclui tosse fraca, certas malformacdes
congénitas das vias respiratérias pulmonares e
broncomaldcia, bem como traqueomalécia. Ao
realcar as maiores probabilidades de detetar
traqueomaldcia quando uma crianga apre-
senta bronquiectasias, alertamos os pediatras
para uma maior vigilincia no tratamento e
monitorizagdo destas criangas, concentrando-
-se numa boa limpeza das vias respiratdrias e
no tratamento precoce de potenciais infegdes.
Por outro lado, também devemos ser mais
proativos na investigagdo precoce de traqueo-
maldcia em criangas que apresentem tosse
produtiva persistente ou recorrente, mesmo
na auséncia de bronquiectasias. No futuro, as
melhores intervengdes precoces irdo necessi-
tar de uma avaliacio estruturada com ensaios
clinicos e defini¢des acordadas para recolher
mais dados compardveis, por exemplo para
explorar a traqueomaldcia como uma causa
potencial de bronquiectasias.

Embora as bronquiectasias infantis ainda
estejam classificadas como uma doenga 6rfa
negligenciada de que sabemos tdo pouco, é
através de esfor¢os como os de Thomas et al
que esta pode deixar de ser uma doenga 6rfa
em breve.
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Corticosteroides inalados na DPOC: risco e beneficios

Christer Janson

A DPOC é uma doenga progressiva em que
ainflamagéo das vias aéreas desempenha um
papel importante. Anteriormente, havia uma
grande expectativa de que o tratamento anti-
inflamatdrio regular com corticosteroides
inalados (ICS) pudesse ajudar a travar a pro-
gressdo da doencga. Em 2007, foi publicado o
muito aguardado resultado do estudo Towards
a Revolution in COPD Health (TORCH).! O
principal objetivo de TORCH era perceber
se a combinagdo do beta-agonista de agao
prolongada (LABA) com a ICS reduziria a
mortalidade entre os pacientes com DPOC.
O estudo ndo encontrou um beneficio de
sobrevivéncia estatisticamente significativo
do tratamento ICS/LABA comparativamente
ao placebo. No entanto, de forma algo ines-
perada, foi descoberto que a pneumonia era
mais comum nos bragos de tratamento que
tinham recebido ICS. No grupo com ICS/
LABA, 20% dos pacientes apresentaram pelo
menos um evento de pneumonia em com-
paragdo com 12% no grupo com placebo. O
facto de a ICS aumentar o risco de pneumonia
na DPOC tem sido confirmado em muitos
ensaios aleatorizados controlados (RCT) e
estudos observacionais subsequentes.”*

Num estudo observacional publicado na
revista, EKIof ef al relatam que o tratamento
com ICS esta associado a um risco aumen-
tado de apresentar uma cultura positiva de
Pseudomonas aeruginosa em pacientes com
DPOC.’ No estudo, os autores relacionaram
dados de multiplos registos nacionais com
dados microbioldgicos. O estudo incluiu mais
de 21 000 pacientes com DPOC, dos quais
763 (4%) apresentaram uma cultura positiva.
Os autores encontraram uma associagio rela-
cionada com a dose entre a utilizacdo de ICS e
a cultura positiva com um aumento do risco
de mais do triplo (HR 3,54, ICS 95% 2,72 a
4,60) nos pacientes com a dose mais elevada
de ICS. Outros fatores de risco identificados
foram a idade avangada, o sexo masculino, o
IMC reduzido e a fungdo pulmonar reduzida.
Outros estudos descobriram que o uso de ICS
estd associado a um risco mais elevado de
infe¢des micobacterianas ndo tuberculosas?®
e a tuberculose activa.?

Os dados acima baseiam-se em estu-
dos observacionais e ¢ dificil descartar a
confusio residual. Por exemplo, no estudo
de EKIGf et al, foi efetuado um ajuste para
0s casos em que os antibidticos haviam sido
administrados no ano anterior, mas nao
para a frequéncia com que foram prescri-
tos. Também ¢é de notar que o resultado do
estudo foi qualquer isolamento de P. aeru-
ginosa, e isto ndo implica necessariamente
colonizagio. No entanto, no seu conjunto,
estes estudos mostram que o uso de ICS
aumenta indubitavelmente o risco de infe-
¢oes respiratdrias na DPOC. Isto ¢ proble-
matico pois a pneumonia, as infe¢des por
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P. aeruginosa e as infe¢des micobacterianas
estdo associadas a um maior risco de hospi-
talizagdo e mortalidade na DPOC.2¢

Alguns estudos encontraram uma dife-
renca intraclasses entre os ICS no risco de
infe¢oes respiratorias, com um risco mais
elevado do propionato de fluticasona do
que da budesonida.®” Por exemplo, a taxa de
eventos de pneumonia por 100 pacientes-
anos para fluticasona/salmeterol foi de 11.0
vs.6.4 nos pacientes com DPOC tratados com
budesonida/formoterol no estudo PATHOS.”
Resultados semelhantes foram relatados por
Brode et al, onde a utilizagéo de ICS foi asso-
ciada a infe¢oes micobacterianas nio tuber-
culosas.® Esta associagdo foi estatisticamente
significativa para o propionato de fluticasona
(OR ajustado 2.09, IC 95% 1.80 a 2.43), mas
ndo para a budesonida (OR ajustado 1.19,IC
95% 0.97 a 1.45). No estudo de EkIof et al,
ndo se verificou, contudo, qualquer diferenga
entre os diferentes compostos de ICS no que
diz respeito ao risco de apresentar uma cul-
tura positiva de P, aeruginosa.’

Provavelmente, 0 mecanismo por trds do
aumento do risco de infe¢des respiratdrias em
pacientes tratados com ICS ¢é o efeito imunos-
supressor, com uma diminui¢do da fun¢io
das células T, macrofagos e neutréfilos no
pulmao.? O tratamento com ICS na DPOC
estd associado a outros efeitos secundarios,
tais como candidiase orofaringea, afinamento
da pele e hematomas faceis.® Também existem
indicios de que a utilizagdo de ICS aumenta o
risco de osteoporose.** Como exemplo, num
estudo observacional publicado recente-
mente, a prevaléncia de eventos relacionados
com a osteoporose (fratura, diagndstico e/ou
medicagdo para a osteoporose) foi de 25%
em pacientes com DPOC tratados com doses
elevadas de ICS comparativamente a 19% em
pacientes com DPOC tratados com ICS.’

Contudo, os efeitos secundarios inde-
sejados dos ICS na DPOC devem ser equi-
librados com os beneficios que este tipo de
tratamento tem em muitos pacientes com
DPOC. Estes beneficios incluem um risco
reduzido de agudizagoes®*e a melhoria do
estado de saide e da fun¢do pulmonar.'?
Dois RCT recentes também relataram uma
menor mortalidade em pacientes tratados
com ICS em combina¢io com LABA e anta-
gonistas muscarinicos de a¢ao prolongada
(LAMA) comparativamente a pacientes a
receber LAMA/LABA.?* Por exemplo, no
estudo Efficacy and Safety of Triple Therapy
in Obstructive Lung Disease, a mortalidade
foi 46% mais baixa nos pacientes tratados
com ICS/ LABA/LAMA do que nos pacien-
tes tratados com LAMA/LABA *

Ao usar ICS na DPOC, o desafio é identi-
ficar os pacientes em que os beneficios ultra-
passam os riscos. Numa revisdo de 2018, que
também foi incluida na Iniciativa Global para
a Doenga Pulmonar Obstrutiva https://www.
gold.org/, Agusti et al dividiram os pacientes
com DPOC em trés grupos: pacientes em que
0s ICS devem ser evitados, pacientes em que
0s ICS podem ser considerados e pacientes em
que ha um forte apoio aos ICS." Os pacien-

tes em que os ICS devem ser evitados foram
aqueles com eventos repetidos de pneumo-
nia, niveis de eosindfilos sanguineos (B-Eos)
abaixo de 100 células/pL ou um histdrico de
infe¢des micobacterianas. Contrariamente,
existe um forte apoio aos ICS nos pacientes
que tém um histérico de asma, nos pacientes
com agudizagdes repetidas e nos pacientes
com um B-Eos superior a 300células/pL. Este
¢ um excelente comeco, mas sdo necessarias
ferramentas de risco-beneficio mais sofistica-
das. Atualmente, apenas um biomarcador, o
B-Eos, é utilizado na pratica clinica da DPOC.
A categorizacdo futura do risco-beneficio
pode incluir outros biomarcadores que ava-
liem a fungéo dos neutrodfilos, dos linfocitos e
dos macroéfagos. Outras ferramentas para esta
avaliacdo podem ser a TC toracica (classifica-
¢do de enfisema, espessamento brénquico e
bronquiectasias), espirometria, manifestacdes
clinicas (tosse produtiva ou ndo produtiva,
nivel de dispneia), capacidade fisica, estado
nutricional e comorbilidades.

O artigo de EKISf et al mostra uma asso-
ciagdo dependente da dose entre o risco de
infe¢des por P. aeruginosa e o tratamento com
ICS na DPOC.* Este resultado apoia ainda
mais que os ICS nio devem ser utilizados de
forma acritica na DPOC. O desafio que se
coloca € o de trabalhar mais arduamente na
identificacdo dos pacientes com DPOC que
poderio beneficiar de ICS e daqueles em que
o tratamento com ICS deve ser evitado.
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uma vez por dia. Doentes pediatricos (< 18 anos): Nao recomendado em doentes com menos de 18 anos de idade. Populagdes especiais: Populagdo idosa: N&o é necessario ajuste de dose em doentes idosos (65 anos de
idade ou mais). Compromisso renal: Nao é necessario ajuste de dose em doentes com compromisso renal ligeiro a moderado. Deve ter-se precaugdo em doentes com compromisso renal grave ou doenga renal terminal que
necessitem de didlise. Compromisso hepatico: N&o é necessario ajuste de dose em doentes com compromisso hepatico ligeiro a moderado. N&o existem dados disponiveis sobre a utilizacdo 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 administragdo: Apenas para utilizagéo por via inalatéria. As capsulas ndo podem
ser engolidas. Os doentes que n&o sintam melhorias na sua respiragdo 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 & mesma hora do dia todos os dias. Pode ser administrado independentemente da hora do dia. Apés a inalagao, 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
da luz e humidade, e s6 podem ser removidas do blister imediatamente antes da utilizagio. CONTRAINDICAGOES: Hipersensibilidade as substancias ativas ou a qualquer um dos excipientes. ADVERTENCIAS/PRECAUGOES:
+ Asma Aguda: ndo deve ser utilizado para tratar sintomas agudos de asma, incluindo episédios agudos de broncospasmo, para os quais & necessario um broncodilatador de curta agéo. ¢ 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 administragédo
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 alternativa. ¢ 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, pressdo arterial e/ou sintomas, alteragdes do electrocardiograma (ECG). Este medicamento deve ser usado com precaugdo em doentes com patologias cardiovasculares (doenca arterial
coronaria, enfarte agudo do miocardio, aritmias cardiacas, hipertensao, suspeita ou confirmagéo de prolongamento do intervalo QT, disttirbios 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. ¢ Efeitos anticolinérgicos: Tal como
com outros medicamentos anticolinérgicos, este medicamento deve ser utilizado com precaugéo em doentes com glaucoma de angulo fechado ou retengdo urinaria. ¢ Doentes com compromisso renal grave: Nos doentes com
compromisso renal grave (taxa de filtragéo glomerular estimada inferior a 30 mi/min/1,73 m?), incluindo aqueles com doenga renal terminal que necessitam de didlise, deve ser utilizado apenas se o beneficio esperado for superior
ao risco potencial. ¢ Prevengao de infegdes orofaringeas: De modo a reduzir o risco de infegéo orofaringea por candida albicans, os doentes devem ser aconselhados a lavar a boca ou a gargarejar com agua, sem a engolir, ou
a lavar os dentes apds 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, supressao adrenal, atraso do crescimento em criangas e adolescentes, diminuico da densidade mineral éssea,
cataratas, glaucoma e, mais raramente, uma série de efeitos psicolégicos ou comportamentais incluindo hiperatividade psicomotora, disttirbios do sono, ansiedade, depresséo ou agressao (especialmente em criangas). Como tal,
é importante que a dose de corticosteroide inalado seja titulada para a dose mais baixa na qual o controlo efetivo da asma & mantido. Podem ser notificados disturbios visuais com o uso de corticosteroides sistémicos ou tépicos
(incluindo intranasais, inalados ou intraoculares). Doentes que apresentem sintomas como vis&o turva ou outros distdrbios visuais, devem ser considerados para encaminhamento a um oftalmologista para avaliagéo de possiveis
causas dessas perturbagdes visuais, as quais podem incluir cataratas, glaucoma ou doengas raras como a corioretinopatia centra serosa (CRCS), que foram notificadas apés o uso de corticosteroides sistémicos ou tdpicos. Este
medicamento deve ser administrado com precaugdo em doentes com tuberculose pulmonar ou em doentes com infecdes crénicas 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 descontinuagdo da amamentag&o ou a descontinuagéo/abstencao da terapéutica, tendo em
conta o beneficio da amamentag&o para a crianga e o beneficio da terapéutica para a mulher. ¢ Trabalho de parto: Como outros medicamentos contendo agonistas adrenérgicos beta,, o indacaterol pode inibir o trabalho de parto
devido a um efeito relaxante no musculo liso uterino. INTERAGOES: + Bloqueadores adrenérgicos beta: este medicamento nao deve ser administrado com bloqueadores adrenergloos beta (incluindo gotas para os olhos) a
menos que existam razdes importantes para a sua utilizagdo ¢ Medicamentos conhecidos por prolongarem o intervalo QTc: este medicamento deve ser administrado com precaugéo 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,. ¢ Interagéo com inibidores do CYP3A4 e da glicoproteina P: Ainibigdo do CYP3A4 e da
glicoproteina P (gp-P) néo tem impacto na seguranca de doses terapéuticas de Zimbus Breezhaler. ¢ Outros antimuscarinicos de agao prolongada e agonistas adrenérgicos beta, de agao prolongada: A coadministragéo
deste medicamento com outros medicamentos contendo antagonistas muscarinicos de ag&o prolongada ou agonistas adrenérgicos beta, de agéo prolongada néo 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.
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Cuidado, o uso de cigarros eletrénicos pro-
ximo de criancas esta a ter um impacto nega-
tivo na sua saude pulmonar

Ana Lucia Fuentes,'? Laura E Crotty Alexander 2

Os cigarros eletrénicos sdo dispositivos
manuais que aquecem e aerossolizam liqui-
dos que normalmente consistem em propi-
lenoglicol, glicerol, aromatizantes quimicos
e nicotina (ou tetrahidrocanabinol).! Estes
dispositivos foram inicialmente comer-
cializados como substitutos de nicotina
de menor risco, mas as evidéncias no sen-
tido contrarios sao cada vez maiores. Mais
preocupante ainda é que o marketing tem
visado a populagdo adolescente vulneravel,
com 78% dos estudantes do ensino médio
e secundario expostos a pelo menos um
anuncio de cigarros eletrénicos entre 2014
e 2016.% De interesse é a forma como estas
estratégias de marketing provavelmente
contribuiram para a desinformagdo em
torno dos cigarros eletronicos. Pepper et
al exploraram o entendimento dos adoles-
centes relativamente aos cigarros eletroni-
cos e descobriram percegdes erradas sobre
a nicotina e os liquidos eletrénicos entre
os participantes.” Descobriram que 62%
dos utilizadores de vaping sem nicotina e
49% dos utilizadores de vaping com nico-
tina pensavam que a nicotina nos liquidos
eletronicos era feita artificialmente e nao
a partir do tabaco. Isto pode indicar que
existe uma perceg¢do errada de que algumas
formas de nicotina sdo mais seguras do que
outras. Adicionalmente, descobriram que os
adolescentes que acreditavam estar a usar
cigarros eletronicos sem nicotina apresen-
tavam um conhecimento geral mais fraco
sobre os cigarros eletronicos, o que pode
levar a confusio sobre quais os compostos
que estdo realmente a consumir.

Alguns podem sentir-se confortaveis
com os estudos que argumentam que o
uso de nicotina ndo tem aumentado com
o aumento do vaping. Por exemplo, Miech
et al. descobriram que mais estudantes do
ensino secundario relataram que conso-
mem vaping ‘apenas aromatizado e ndo com
nicotina.* Contudo, ¢ importante notar que
o contetido de nicotina referido nos rétu-
los dos produtos e o que é quimicamente
medido pode variar muito. Foi detetada
nicotina em vérios produtos rotulados como
“nicotina zero”, com estudos que mostram
até 23,9 mg/ml de nicotina encontrados
nos cigarros eletrénicos “sem nicotina”’
Isto significa que os utilizadores podem
nio ter consciéncia do que estdo realmente
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a consumir e, portanto, correm o risco de
se tornarem involuntariamente viciados em
nicotina. Adicionalmente, Marynak et al.
descobriram que 99% das vendas de produ-
tos de cigarros eletronicos em 2015 conti-
nham nicotina, levando a conclusio de que
os consumidores (incluindo jovens e adoles-
centes) estdo muito provavelmente a utilizar
produtos que contém nicotina.®

Infelizmente, verificou-se um aumento
dramatico no uso de cigarros eletronicos
em adolescentes e jovens adultos.” O uso de
cigarros eletronicos aumentou 900% entre
os estudantes do ensino secundario entre
2011 e 2015.* Os dispositivos de vaping sao
agora o produto de tabaco mais usado entre
os jovens nos EUA.® E dificil provar o grau
em que as estratégias de marketing agressi-
vas utilizadas pela industria do tabaco con-
tribuiram para este rdpido aumento no uso
de cigarros eletronicos, mas uma empresa,
a JUUL, perdeu recentemente um processo
judicial de 40 milhoes de ddlares na Carolina
do Norte devido ao impacto das suas praticas
de marketing enganosas no uso de dispositi-
vos eletronicos com elevado teor de nicotina
por parte de adolescentes. E lamentavel que
quaisquer cigarros eletrénicos tenham sido
comercializados como “mais seguros” antes
de existirem dados suficientes para que essa
determinacio se tornasse realidade.

Felizmente, dispomos agora de evi-
déncias solidas sobre os impactos negati-
vos do uso do cigarro eletrénico na saude.
Consequentemente, a US Food and Drug
Administration aumentou a regulamentacdo
dos cigarros eletronicos a base de cartuchos
aromatizados e aumentou a idade de venda
do tabaco para 21.° Embora seja estimu-
lante e reconfortante saber que os cigarros
eletrénicos estdo finalmente a ser regulados
pelos organismos apropriados, continua a
ser dececionante que os produtos possam
entrar e permanecer no mercado até que se
prove que nao sdo seguros, em vez de serem
comprovadamente seguros antes de serem
vendidos a criangas e adultos.

Embora as evidéncias relativas aos
impactos negativos na saude do vaping
estejam a aumentar diariamente, existe uma
escassez de dados relativos aos efeitos na
saude da exposi¢do ao vaping com nicotina
em segunda mao (SHNV). Esta auséncia de
evidéncias incentiva os vapers a utilizar os
cigarros eletronicos junto a amigos, fami-
liares e conhecidos de modo negligente. Tal
como os cigarros eletrénicos, parece que a
exposi¢do ao SHNV precisa de ser compro-
vada como sendo insegura antes de serem
tomadas medidas para proteger o publico.
Felizmente, nesta edi¢gdo da Thorax, com

artigos da ADC, edi¢ao portuguesa, Islam
et al reportam dados que demonstram um
aumento dos sintomas broénquicos e de falta
de ar em individuos expostos a aerossois de
cigarros eletrénicos em segunda mao."

Em contraste com a exposigdo a SHNV,
existem evidéncias significativas sobre
os riscos de saude associados ao fumo de
cigarros em segunda mao. Isto levou a cam-
panhas generalizadas de proibigdo do fumo
de cigarros em locais publicos. Infelizmente,
isto ndo se traduziu na exposi¢do ao SHNV.
De facto, estudos demonstraram que os pais
apresentavam mais probabilidades de ado-
tarem politicas antitabaco do que politicas
anti-vaping, o que apoia a percegao de que
a exposi¢do ao SHNV é menos prejudicial.!!

Devido a esta perce¢do e ao potencial
nocivo, os achados relatados por Islam et
al sao de importancia critica. Embora asso-
ciagdo ndo constitua causa, este estudo ¢é o
primeiro a descrever os efeitos negativos
da exposi¢ao a SHNV em sintomas respi-
ratérios. E necessdrio realizar mais estudos
para provar que esta exposi¢do causa danos
diretamente. Em ultima analise, trata-se de
uma preocupagio de satde publica que - se
ndo for abordada - tem o potencial de afetar
negativamente a nossa popula¢io, incluindo
aqueles que sdo mais vulneraveis.
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Taxas nacionais e disparidades na vacinacao infantil e
doencas evitaveis por vacinacao durante a pandemia de
COVID-19: Estudo retrospetivo da base de dados da rede

sentinela inglesa

Uy Hoang,' Simon de Lusignan,” Mark Joy," Julian Sherlock,' John Williams," Clare Bankhead,’
Gary Howsam,? Mark Thomas,2Matthew D Snape,* F D Richard Hobbs," Andrew J Pollard?

RESUMO

Objetivos Descrever as taxas e as variagoes na adminis-
tracdo de vacinas contra pneumococos e sarampo, papeira
e rubéola (MMR) em criancas e alteracdes associadas em
doencas evitaveis pela vacinacdo (VPD) na primeira e
segunda vagas da pandemia de COVID-19.

Métodos Estudo retrospetivo de base de dados de todas
as criangas com idade <19 anos registadas numa unidade
de medicina geral e familiar na rede de vigilancia senti-
nela nacional inglesa do Oxford Royal College of General
Practitioners Research and Surveillance Centre entre 2 de
novembro de 2015 e 18 de julho de 2021.

Resultados A cobertura da dose de reforco da vacina
pneumocdcica diminuiu de 94,5% (95% IC 94,3% a
94,7%) no seu pico a semana 47 (2020) da Organizagao
Internacional de Normalizacdo (ISO) para 93,6% (95%
IC 93,4% a 93,8%) até ao final do estudo. A cobertura
da segunda dose de MMR diminuiu de 85,0% (95% IC
84,7% a 85,3%) no seu pico a semana 37 (2020) da 1SO
para 84,1% (95% IC 83,8% a 84,4%) até ao final do
estudo. O ponto de rutura nas tendéncias para MMR foi a
semana IS0 34 (2020) (95% IC semanas 32-37 (2020)),
enquanto que, para a vacina pneumocacica, o ponto de
rutura ocorreu mais tarde, a semana 3 1S0 (2021) (95%
IC semana 53 (2020) a semana 8 (2021)). A cobertura
de vacinacdo para criangas de etnia branca apresentava
menos probabilidades de diminuir relativamente a outras
etnias. As taxas de consulta para VPD reduziram e perma-
neceram baixas desde agosto de 2020.

Conclusao As taxas de vacinacao infantil comecaram a
reduzir antes do inicio da sequnda vaga. Esta queda estd a
acentuar as disparidades étnicas, socioeconémicas e geo-
gréficas na utilizacdo de vacinas e corre o risco de aumen-
tar as disparidades sanitérias. O distanciamento social e o
encerramento de escolas podem ter contribuido para taxas
mais baixas de VPD associadas, mas pode existir um risco
acrescido a medida que estas medidas forem levantadas.

INTRODUCTION
The UK national childhood immunisation
programme aims to protect against serious
diseases.! The programme has achieved high
vaccination coverage in the population. This is
important especially for measles, mumps and
rubella (MMR) and pneumococcal vaccinations
since these infections have high transmission rates
in unvaccinated populations, and a wide range
of potentially serious effects in those infected
including pneumonia, meningitis and death.*”
Through 2020/2021 there have been three
waves of the COVID-19 pandemic in the UK with
varying levels of social distancing, school closure
and lockdowns in place.®® A systematic review of
17 observational studies during 2020 to assess the
impact of the pandemic on childhood vaccination
coverage found that there was a decline in the total
number of vaccines administered and consequent
reduction in coverage, with many children missing
out on their vaccine doses.”® Results from a study
in over 2600 primary care practices and >35 child
health providers found that in the first 3 weeks of

What is the key question?

» During the first wave of the COVID-19
pandemic in the UK, transient declines in
preschool vaccinations were observed.

What is the bottom line?

> This study covering the impact of the
second and third national lockdowns in
the UK showed a small but significant
decrease in coverage of measles, mumps
and rubella and pneumococcal vaccines
over the course of the study. This decrease
in vaccine coverage varied by ethnicity,
socioeconomic status and location.

» Consultations for vaccine-preventable
diseases in primary care also decreased to
negligible rates from August 2020.

Why read on?

It is important to continue to monitor trends
in childhood vaccination coverage during
the pandemic, especially among children
from ethnic minorities and lower socio-
economic groups, as reductions in coverage
may lead to widening health disparities.

social distancing in 2020 in the UK, MMR vaccina-
tion counts were 19.8% lower (95% CI —20.7% to
—18.9%) than for the same period in 2019." 1> There
were signs of a recovery by April 2020."

We carried out this research to report any impact
of the pandemic on vaccine uptake in children,
especially MMR and pneumococcal vaccines,
exploring any disparities in coverage over the dura-
tion of the pandemic, and to see if there was an
impact on vaccine-preventable diseases (VPDs).
We report on the first two completed waves, with
the third wave ongoing.

METHODS

Study design, setting and data sources

We undertook a retrospective study nested within
the English national influenza sentinel surveil-
lance network run by the Oxford Royal College of
General Practitioners Clinical Informatics Digital
Hub (ORCHID). Previous studies demonstrated
that the age-sex distribution of patients in the
network is broadly similar to the English national
census distribution.” ORCHID data have been
used for previous childhood vaccine research.'” The
VPDs studied have been reported by the network
in its weekly and annual reports for over 50 years.'®

Participants
The study included data from all children aged <19
who were registered with a general practitioner
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Table 1  Cross-sectional profile of population at start and end of the study compared with midyear population estimates from the Office for National

Statistics

ONS midyear 2015 population

ONS midyear 2020 population

Week 45 (2015) estimates for England* Week 28 (2021) estimates for England®
Children included (n) 1094 150 12 338 887 1043 968 12 699 899
Ethnicity White—593 032 (54.2%) White—8 903 313 (78.5%)* White—500 162 (47.9%) NA
Black—35 446 (3.2%) Black—562 333 (5.0%)* Black—34 008 (3.3%)
Asian—78 692 (7.2%) Asian—1 136 293 (10.0%)* Asian—71 753 (6.9%)
Other—12 148 (1.1%) Other—145 004 (1.3%)* Other—15 555 (1.5%)
Missing/unclassified—344 307 Missing/unclassified—NA* Missing/unclassified—390 766
(31.5%) (37.4%)
IMD quintile 1 (most deprived)—233 093 1 (most deprived)—2 962 565 1 (most deprived)—226 230 1 (most deprived)—3 018 135 (23.8%)
(21.3%) (24.0%) (21.7%) 5 (least deprived)—2 352 108 (18.5%)
5 (least deprived)—242 733 5 (least deprived)—2 301 477 5 (least deprived)—218 708
(22.2%) (18.7%) (20.9%)
Living in urban/rural settings  Conurbation—407 092 (37.2%) Conurbation and urban—10 505  Conurbation—405 644 (38.9%) Conurbation—S5 835 864 (43.1%)t
Urban—506 868 (46.3%) 165 (80.8%)t Urban—455 314 (43.6%) Urban—4 948 489 (36.6%)t

Rural—180 173 (16.5%)

Rural—2 500 562 (19.2%)t

Rural—182 948 (17.5%) Rural—2 994 260 (22.1%)*

*From 2011 census for ages 0-17 years.®®
tFrom statistical digest of rural England for ages 0-19 years.*!
IMD, Index of Multiple Deprivation; NA, not applicable; ONS, Office for National Statistics.

between 2 November 2015 and 18 July 2021. We compared any
change in birth rate with that reported by the Office for National
Statistics (ONS)."”

Variables

We extracted data on age, gender and ethnicity which were
recorded using an ontology to maximise identification,”® socio-
economic status measured using the Index of Multiple Depriva-
tion (IMD)*? and rurality using the ONS classification based on
individual-level postcode.”’ We have used practice postcode to
assign IMD and household setting where no valid patient postcode
was available (~3%).

We also extracted vaccination status and consultations for
VPDs from the pseudonymised vaccination record and compute-
rised medical records of all children <19 within the network
using the Systematized Nomenclature of Medicine-Clinical Terms
(SNOMED-CT).

Statistical analysis

Calculation of childhood vaccination rates and rates of VPDs

Weekly vaccination coverage for the first dose of MMR was calcu-
lated by dividing the number of children <2 who had been given
one dose of MMR by the number of children <2 registered within
the ORCHID network that week. Coverage for the second dose of
MMR was calculated similarly for children <5 who had been given
two doses.

Weekly vaccination coverage for the first dose of pneumococcal
vaccine was calculated by dividing the number of children <1 who
had been given one dose of pneumococcal vaccine by the number
of children <1 registered within the ORCHID network that week.
Coverage for the booster dose of pneumococcal vaccine was calcu-
lated similarly for children <2 who had been given two doses. To
account for the change from a three-dose schedule in 2020, our
definition of pneumococcal vaccine coverage prior to 1 January
2020 counted children who had had three doses of pneumococcal
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Figure 1 Trends in weekly pneumococcal vaccination rates (and
95% CI) over the last 5 years. ISO, International Organization for
Standardization.

vaccine. The second/third dose of pneumococcal vaccine will be
referred to as booster dose of pneumococcal vaccine henceforth.

Weekly VPD rates were calculated by dividing the total number
of consultations for VPDs per week by the number of children
registered within the ORCHID network. The list of vaccines, VPDs
and their associated SNOMED-CTs used for this study is included
in online supplemental appendix 1.

Data are presented graphically by the International Organiza-
tion for Standardization (ISO) week.**

Segmental linear regression analysis and examination of inequalities in
vaccination trends

Linear regression was used to model trends in vaccination
coverage and to identify inequalities by ethnicity, IMD and urban/
rural location.

Segmental linear regression analysis was used to identify any
break points in the vaccination trends. This regression analysis
uses an iterative process to estimate the slopes and break points
in generalised linear models which have one or more segmented
relationships in the predictor.”

Inequalities in coverage following break points in the vaccina-
tion trend were of particular interest, thus an interaction term
between ethnicity and break point was added to the regression
model. Similar analysis was undertaken to examine the inequali-
ties by IMD and urban/rural location.

Statistical analyses were undertaken using R V.3.5.1.

Ethical considerations

This study was classified as a service evaluation (measuring what
standard of care is achieved) by the Medical Research Council/
Health Research Authority decision tools® so did not require
formal ethics approval; it was approved by the RCGP Approval
Committee (data request ORC_05_2020). This study does not
include patients who opted out of record sharing, approximately
2%.

Figure 2 Trends in weekly measles, mumps and rubella (MMR)
vaccination rates (and 95% Cl) over the last 5 years. ISO, International
Organization for Standardization.
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Figure 3 Trends in weekly rates of coverage of booster dose of
pneumococcal vaccine (and 95% CI) over the last 5 years by ethnicity.
ISO, International Organization for Standardization.

RESULTS

The population

The number of registered children <19 whose data contributed
to the analysis reduced from 1 094 150 in 2015 to 1 043 968 in
2021 (see table 1). This fall of 4.6% is smaller than the decrease in
the proportion of live births over this period of 11.8% reported by
ONS.?” 8 There was a 6.3% lower proportion of children of white
ethnicity over the course of the study, while the proportion of
births of children of white ethnicity decreased by 3.7% between
2015 and 2019.7%

Trends in childhood vaccinations

Coverage of pneumococcal booster doses decreased from 94.5%
(95% CI 94.3% to 94.7%) on ISO week 47 (2020) to 93.6% (95%
CI 93.4% to 93.8%) by the end of the study. In turn, coverage of
the second dose of MMR decreased from 85.0% (95% CI 84.7% to
85.3%) on ISO week 37 (2020) to 84.1% (95% CI 83.8% to 84.4%)
by the end of the study (see figures 1 and 2).

Segmental linear regression analysis showed that the break point
in trends for booster dose of pneumococcal vaccine was at ISO
week 3 (2021) (95% CIISO week 53 (2020) to week 8 (2021)), while
the break point for trends in the second dose of MMR was at ISO
week 34 (2020) (95% CI ISO weeks 32-37 (2020)). The segmental
regression analysis showed that the break point in trends for the
first dose of MMR was at ISO week 21 (2019) (95% CI ISO week
18 (2019) to week 23 (2019)), while the break point in trends for
the first dose of pneumococcal vaccine was at ISO week 53 (2020)
(95% CIISO week 49 (2020) to week 4 (2021)).

Vaccination coverage had reduced for children of all ethnicities
(see figures 3 and 4). Coverage declined less in children of white
ethnicity than other ethnic groups following the break point, espe-
cially for the second doses of MMR. Compared with children of
white ethnicity, coverage of the second dose of MMR following
the break point reduced by —0.041 (95% CI —-0.045 to —0.038) per
week for children of black ethnicity and —0.002 (95% CI —0.005 to
—0.0009) per week for children of Asian ethnicity.

The reduction in coverage of pneumococcal booster doses per
week following the break point was —0.0071 (95% CI —0.0097 to
—0.0045) for children of black ethnicity compared with children
of white ethnicity. In contrast, coverage of pneumococcal booster
doses increased by 0.0084 (95% CI 0.0104 to —0.0068) per week
for children of Asian ethnicity compared with children of white
ethnicity (see table 2). Similar inequalities were observed for
coverage by urban/rural location (see table 3 and figures 5 and 6).

For each quintile increase in IMD, the average rate of change in
second dose of MMR coverage was 0.0099 (95% CI 0.0092 to 0.0105),
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Figure 4 Trends in weekly rates of coverage of second dose of measles,
mumps and rubella (MMR) (and 95% Cl) over the last 5 years by ethnicity.
ISO, International Organization for Standardization.

while the average change in coverage of pneumococcal booster doses
was 0.0014 (95% CI 0.00091 to 0.0018) (see figures 7 and 8).

Trends in VPDs over the last 5 years

Presentation of VPDs had reduced to negligible rates by week 32
(2020). Figure 9 showed that the break point in trends for mumps
disease rates was within 1 week of the first national lockdown. The
break points in trends for VPD rates were less clearly associated
with the national lockdowns.

DISCUSSION

Principal findings

The COVID-19 pandemic has had a small but significant effect on
coverage of childhood pneumococcal and MMR vaccinations.

Coverage for pneumococcal booster doses at the end of our
study was 93.6% (95% CI 93.4% to 93.8%). This is comparable to
data published by Public Health England (PHE) which showed
that pneumococcal conjugate vaccine coverage in children 12
months of age was 93.4% in the first quarter of 2021.%

In turn, the coverage for second dose of MMR at the end of
our study was 84.1% (95% CI 83.8% to 4.4%), which is lower than
the published data which showed MMR coverage in children 24
months of age was 89.3% in the first quarter of 2021.%

There were significant ethnic, socioeconomic and urban/rural
differences in vaccination coverage, especially for MMR.

In our study, so far, there have been no recorded increases in
VPDs among children, with negligible consultation rates for most
VPDs. This may have been confounded by cases not presenting to
healthcare or by cases presenting to parts of the National Health
Service (NHS) other than general practice, with a subsequent delay
in reporting and recording in the primary care record. Data from
the WHO for all four nations of the UK showed that between
2019 and 2020, the number of cases of measles had reduced by
91.3%, mumps by 31.2% and rubella by 100%. In contrast, globally
between 2019 and 2020, measles cases reduced by 82.8%, mumps
increased by 157.8% and rubella reduced by 79.3%.*!

Strengths and weaknesses
The strengths of our study include its large sample size from a
nationally representative sentinel network, the long period covered
with weekly vaccine coverage rates, including data covering the
second and third national lockdowns; and that we covered trends
in both vaccine coverage and VPD rates.

A limitation of our study involves the quality of recording in
routinely collected data. Our sentinel network has been involved
in monitoring respiratory infections and vaccinations for over 50

Table 2 Average reduction in vaccine coverage per week following the break point by ethnicity (95% Cl)

Booster dose of pneumococcal vaccine

Break point: week 3 (2021)

Second dose of MMR vaccine
Break point: week 34 (2020)

Ethnicity (95% CI week 53 (2020) to week 8 (2021)) (95% CI weeks 32-37 (2020))
White Reference group Reference group

Black -0.0071 (95% CI —0.0097 to —0.0045) —0.041 (95% Cl —0.045 to —0.038)
Asian 0.0084 (95% Cl 0.0063 to 0.0105) —0.002 (95% Cl —0.005 to —0.0009)
Other 0.0156 (95% C10.0129 to 0.0184) -0.011 (95% Cl1 -0.015 to —0.0071)

MMR, measles, mumps and rubella.
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Table 3  Average reduction in vaccine coverage per week following the break point by urban/rural location (95% Cl)

Booster dose of pneumococcal vaccine

Break point: week 3 (2021)
Urban/rural location

(95% Cl week 53 (2020) to week 8 (2021))

Second dose of MMR vaccine
Break point: week 34 (2020)
(95% ClI weeks 32-37 (2020))

Urban Reference group
Conurbation 0.0016 (95% €1 0.000 to 0.0031)
Rural —0.0020 (95% CI —0.0038 to —0.0002)

Reference group
—0.0209 (95% CI —0.0229 to —0.0188)
0.0049 (95% €1 0.0025 to 0.0073)

MMR, measles, mumps and rubella.

Figure 5 Trends in weekly rates of coverage of booster dose of
pneumococcal vaccine (and 95% CI) over the last 5 years by Index
of Multiple Deprivation (IMD). ISO, International Organization for
Standardization.

years and has had regular feedback on data quality."*'® Another limi-
tation relates to the duration of our study, which covered a number
of changes to the childhood vaccination schedule, including the
change to a two-dose pneumococcal conjugate vaccine schedule
in 2020. Changes to the two-dose pneumococcal vaccine schedule
have been taken into account in this study, although the broader
changes in the childhood vaccination programme have not been
adjusted for in this analysis. Our study only covered two vaccina-
tions as these infections have high transmission rates in unvac-
cinated populations, and the resulting VPDs associated with low
vaccine coverage are likely to be the first to become apparent.
However, the trends in these two vaccinations may not reflect the
trend in all childhood vaccination rates, especially those provided
outside primary care.

It is important to note that changes in coverage associated with
marked reductions in vaccine administrations will be delayed.** For
example, most children who turn 2 years of age during the early
months of the pandemic will have received the first dose of MMR
and the pneumococcal booster well before the start of the pandemic.
Therefore, changes in coverage that occur because of decreased
vaccine administrations during the pandemic will not be seen until
weeks when a substantial proportion of children have turned 2 years
old. Our methodology for calculating vaccination coverage has
allowed us to compare our results directly with national published
statistics.”” However, as our study takes in a larger window of obser-
vation than stipulated by the NHS vaccination schedule, it may be
less sensitive to secular trends in coverage.*

Finally, our definition of VPDs included pneumonia or pneu-
monitis, not all of which are vaccine-preventable cases. Conversely,
in the setting of COVID-19, care-seeking patterns might be quite
different for respiratory illnesses in particular, and some cases of
COVID-19 (particularly among adolescents) might be classified as
‘pneumonia or pneumonitis’ under the definition that we have used.
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Figure 6 Trends in weekly rates of coverage of second dose of
measles, mumps and rubella (MMR) (and 95% CI) over the last 5 years
by Index of Multiple Deprivation (IMD). ISO, International Organization
for Standardization.

Figure 7 Trends in weekly rates of coverage of booster dose of
pneumococcal vaccine (and 95% Cl) over the last 5 years by rural/urban
location. ISO, International Organization for Standardization.

Interpretation, unanswered questions and need for further
work

It is reassuring that this large representative data set indi-
cates general practice delivery of childhood immunisations
has remained good, especially during the first lockdown.
Our study is comparable to data from WHO and PHE,* 3! 33
although the coverage rates for MMR are lower in our data
set than the PHE. This may be the result of some vaccinations
being given in community settings not attached to a general
practitioner.

Our results show that pneumococcal vaccine coverage has been
declining steadily over time and accelerated in the pandemic.
In contrast, MMR coverage seemed to be increasing but this
plateaued in the pandemic. There are a number of possible expla-
nations for this observed decline in these childhood vaccination
rates, including the pivotal role general practice has played in
the national COVID-19 vaccine implementation.® Early studies
showed that general practice-led sites delivered two in three of all
COVID-19 vaccinations in England between December 2020 and
April 2021,% this may have impacted capacity for routine vaccina-
tions during the period of our study.

There are a number of possible explanations for the differen-
tial decline in coverage by ethnicity, socioeconomic status and
geographical location. Ethnic and socioeconomic differences in
parents’ perception of the importance of immunisations, whether
immunisations were permitted or culturally acceptable and their
understanding of immunisation schedules have been shown to
affect immunisation decisions.” *® Recent research on COVID-19
vaccines have found a marked difference in vaccine hesitancy
by race/ethnicity,*' with a much greater proportion of ethnic
minority populations expressing concern about side effects and
the long-term effects of vaccines on health. Some have capitalised
on this lack of trust in vaccines to spread misinformation.*? This
differential decline in coverage may also reflect access barriers,

T ITETE

Figure 8 Trends in weekly rates of coverage of second dose of
measles, mumps and rubella (MMR) (and 95% Cl) over the last 5
years by rural/urban location. ISO, International Organization for
Standardization.
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Figure 9 Trends in weekly vaccine-preventable disease (VPD) rates
over the last 5 years. ISO, International Organization for Standardization.

including difficulties in accessing vaccination appointments during
the pandemic.** Thus, it is important to continue to monitor
these trends to record any reduction in coverage from the second
and third lockdowns, especially among ethnic minority groups
and lower socioeconomic groups which will lead to widening
health disparities.*®*

These data show that there may be an increasing risk of preven-
table serious childhood diseases if the modest reductions in vacci-
nation rates are not rapidly reversed especially in those populations
with greater rates of decline.”” * The drive to offer COVID-19
booster vaccinations in adults and the expansion of COVID-19
vaccinations for children should not be at the expense of routine
childhood immunisation rates.
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Aplicacao em telessaude de um espirometro ultras-

sonico doméstico

Michael Doumit,"? Rianna Ledwos,? Leanne Plush,® Sandra Chuang,**Melinda Gray,* Adam

Jaffe,** Jamie McBride3*

RESUMO

Objetivo Investigar a validade e a utilizagao doméstica
de um espirémetro ultrassénico pessoal.

Métodos Foi realizada uma espirometria supervisionada
com recurso a equipamento de laboratério e a um espiré-
metro ultrassonico pessoal. Adicionalmente, foi avaliada
a capacidade de as criancas para realizarem uma espiro-
metria aceitavel durante as consultas supervisionadas de
telessalde em casa.

Resultados 59 criancas completaram a espirometria em
ambos os dispositivos. Verificou-se um elevado coeficiente
de correlacdo intraclasse (ICC) entre os dispositivos para
volume expiratério forcado em 1s (FEV,) e a capacidade
vital forcada (FVC): ICC 0,991 (95% 1C 0,985 a 0,995) e
0,989 (95% 1C 0,981 a 0,993), respetivamente. A analise
Bland-Altman revelou a média de enviesamento e os limi-
tes de concordancia de -0,01 (-0,22 a 0,24) L para FEV,
e de -0,02 (-0,30 a 0,33) L para FVC. 125 de 140 (89%)
sessdes de espirometria em telessadde supervisionada
foram aceitveis.

Concluséo Verificou-se uma excelente fiabilidade entre
medicGes do dispositivo. Contudo, os limites de concordan-
cia foram amplos. Por consequinte, é necessario ter atengao
no caso de o dispositivo ser utilizado alternadamente com
equipamento de laboratério. As elevadas taxas de sucesso
das sessdes de espirometria em telessatde indicam que o
dispositivo é adequado para esta aplicacao.

INTRODUCTION

Outpatient assessment and management of chil-
dren with chronic lung disease has traditionally
been performed face-to-face during outpatient
reviews. Telehealth is an alternative model of
care which allows the child to remain at home.
Telehealth utilisation increased in response to
the SARS-CoV-2 pandemic and increased use is
likely to continue.! Increased utilisation of tele-
health presents challenges to healthcare teams in
ensuring safe and effective healthcare delivery.

An example of a challenge to ensuring best care
with increased telehealth use is the assessment of
respiratory function using spirometry. Regular
spirometry is recommended in children with
chronic respiratory diseases such as asthma and
cystic fibrosis, as the results assist with diagnosis,
disease monitoring and treatment modifications.
Valid assessment is reliant on accurate, usable
devices. The accuracy of personal spirometers
which use turbine technology has been estab-
lished.*> Recently, ultrasonic sensor technology
has been incorporated into personal spirometers.
Ultrasonic spirometers are advantageous over
turbine spirometers as they use an ultrasonic trans-
mitter and receiver to measure flow and volume,
which eliminates the need for device recalibration
or replacement of precalibrated turbine heads.
However, the accuracy and usability of personal
ultrasonic spirometers are yet to be established.

The first aim of this study was to determine the
accuracy of spirometry results recorded using a
personal ultrasonic spirometer. Second, this study
aimed to assess the ability of children to perform
acceptable and reproducible (A&R) spirometry
in the home environment during supervised tele-
health consultations.

What is already known on this topic?

» There has been an increased utilisation
of telehealth for respiratory medicine
consultations since the onset of the
SARS-CoV-2 pandemic.

» Serial measurement of lung function is
an important assessment tool in children
with chronic lung disease.

What this study adds?

» A new, personal ultrasonic spirometer
correlates well with laboratory equipment;
however, the limits of agreement are wide,
suggesting different devices should not be
used interchangeably.

» A high percentage of children can
perform successful spirometry at home
when remotely supervised during
telehealth consultations.

METHODS

Participants

This prospective study in children with chronic
respiratory diseases was conducted at Sydney Chil-
dren’s Hospital, Australia, from May to December
2020. For the device validation part of the study,
children were eligible if they were attending face-
to-face appointments and required spirometry.
For the home spirometry part of the study, chil-
dren were eligible if they had a telehealth appoint-
ment, were in possession of a personal ultrasonic
spirometer and required spirometry as part of their
assessment. Children were excluded if they had not
previously performed A&R spirometry according
to international standards.’ Informed consent was
obtained.

Study design

Part 1: device validation

Children performed spirometry on two systems
in randomised order: conventional laboratory
equipment (Vyntus Spiro, Carefusion, Yorba
Linda, California) and a personal ultrasonic
spirometer (SpiroHome, Inofab, Turkey). Output
from both systems included absolute values
for forced expiratory volume in 1 s (FEV ) and
forced vital capacity (FVC), as well as per cent
predicted values (%predicted) and z-scores,
calculated using the Global Lung Initiative refe-
rence equations.

Part 2: telehealth spirometry

Home spirometry was performed on the Spiro-
Home device with a respiratory scientist super-
vising and coaching the forced expiratory
manoeuvres via telehealth (PEXIP Infinity
Connect, eHealth Conferencing Services). During
testing, the participant would show the respiratory
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Table 1 Correlation and agreement between laboratory equipment
and personal device

Mean difference

1CC (95%CI) between devices LOA
FEV, absolute value (L) ~ 0.991 (0.985 to 0.995) 0.01 -0.22t00.24
FVC absolute value (L)  0.989 (0.981 t0 0.993)  -0.02 -0.30t0 0.33
FEV, %predicted 0.972 (0.953t0 0.983)  -0.4 -8.6109.4
FVC %predicted 0.956 (0.926 to0 0.974) 0.6 -9.11010.3

Mean difference between devices was calculated by subtracting laboratory spirometry from
personal spirometry results.

FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; ICC, intraclass correlation
coefficient; LOA, limits of agreement.

scientist their screen after each manoeuvre, allowing for interpre-
tation of flow-volume loops and continual feedback. The results
were also available for review by the respiratory scientist via an
online portal on completion of the testing session. Acceptability
and reproducibility were determined based on international
standards.’

Statistical analysis

Intraclass correlation coefficient (ICC) was calculated to determine
the strength of relationship of measurements between devices.
Agreement between spirometers was calculated and expressed as
mean difference with limits of agreement and presented in Bland-
Altman plots. A >10% difference in FEV, %predicted and/or a
difference in volume of 0.15L between devices for FEV, or FVC
were considered significant, as these differences indicate a signifi-
cant clinical change* or unacceptable reproducibility,’ respectively.
Linear regression was performed to investigate the association
between age or height and the difference between device measu-
rements. Age of children who were successful and unsuccessful in
performing home spirometry was compared using an unpaired
t-test. Sample size was determined pragmatically, with consecu-
tive children recruited until the personal spirometer supply was
exhausted.

RESULTS

Fifty-nine children (26 male, mean age 12.3 years, SD 3.3) with a
mean (SD) FEV | %predicted of 86% (19) participated in the device
validation study. Diagnoses included cystic fibrosis (n=43), asthma
(n=9) and bronchiectasis (n=7). ICC was high and mean between-
device differences were low across all measures, indicating excel-
lent reliability between measurements obtained using the two
devices (table 1). However, between-device differences exceeded
acceptable limits in some children. In 13 (22%) children, there
was a between-device difference in FEV, and/or FVC of greater
than 0.15L (figure 1A,B). In four (7%) of these children, FEV,
%predicted was >10% lower on SpiroHome than on the laboratory
equipment (figure 1C).

There was no systematic bias evident on analysis of the plots for
absolute or %predicted values of FEV, or FVC. There was also no
association between age or height and differences between measu-
rements obtained by the two devices (r<0.2and p>0.7 for all
measures).

Eighty children (41 male, mean age 12.3 years, SD 3.3) performed
spirometry using the SpiroHome on a total of 140 occasions
during supervised telehealth consultations. Overall, A&R spiro-
metry results were obtained on 125 of 140 (89%) occasions. Chil-
dren who were able to produce A&R telehealth spirometry were
significantly older than those unable to produce A&R spirometry
(mean (SD) age 13.1 (2.8) years vs 9.9 (3.5) years; p<0.05).

DISCUSSION

This study has demonstrated good reliability between the spiro-
metry indices measured using a personal ultrasonic spirometer
and conventional laboratory equipment. In addition, supervised
home use during telehealth resulted in a higher percentage (89%)
of A&R results compared with previous studies of unsupervised
attempts at home spirometry,” indicating the importance of super-
vision during telehealth consultations.

Artigo original

A
LED
030 . ® *. -'l .
= e - o and 9 " *
g 00 ey
E 010 . - L -
[ ] [ ]
E o R o o o ™ N ke
& .0zt o
0.4 .
050
0.00 100 200 300 4.00 5.00
Mean FEVI (L]
B
LN
QLI | e e R T L e L
" e =e °
= o L4 «*2 g ad
8 —% i [
£ 010 e e b7, " .
ol | [ o o i e e i
o N a
050
o
070
0% 15 25 15 45 55 65
Mean FVC (L)
14
15
5w
0
# 5
-
= 0
8
S -0 & N
1 = .
m a0 60 B0 100 120 140
hean (FEV, %pred)
Figure 1 Bland-Altman plots displaying the difference between

measurements on the devices (portable spirometer minus conventional
spirometer) plotted against the mean value obtained using the two de-
vices for (A) absolute forced expiratory volume in 1s (FEV), (B) absolute
forced vital capacity (FVC) and (C) FEV, per cent predicted (FEV, %pred).
Solid lines represent the mean bias and dotted lines represent the upper
and lower limits of agreement.

While between-device correlation was high, differences in
measurements were unacceptable in a subset of children. FVC
and/or FEV differences exceeded 0.15L in 13 of 57 (22%) chil-
dren. In four of these children, this translated to the personal
device indicating a >10% difference in FEV, %predicted
compared with laboratory equipment. Previous research using a
personal turbine device found an even higher proportion (15%)
of participants exhibiting a >10% difference in FEV, %predicted
compared with laboratory equipment.” Between-device diffe-
rences of this magnitude are problematic in the scenario of a
personal device being used interchangeably with laboratory
equipment to monitor lung function over time, such as when
hospital laboratory equipment is used during face-to-face reviews
than a personal device during telehealth. In this circumstance, a
false change in lung function between clinical reviews may be
perceived when no true change has occurred. One strategy to
overcome this issue would be for patients to use their personal
spirometer for hospital and home assessments.

This study had limitations. First, this study tested a single device
in children who were familiar with spirometry. The results, there-
fore, are not necessarily able to be generalised to other devices or
children with little spirometry experience. In addition, there were
a relatively low number of children with moderate-severe airway
obstruction. While there was no evidence of systematic bias based
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on severity of airway obstruction, the small number of children
included limits conclusions regarding the accuracy of the device
in this group.

In conclusion, the SpiroHome, a personal ultrasonic spiro-
meter, is a valid alternative to laboratory equipment for assessing
spirometry outcomes. However, the limits of agreement between
measurements are wide and beyond acceptable in a small
percentage of children. Therefore, using the device interchange-
ably with laboratory equipment is problematic. Children were
able to perform A&R spirometry on a large majority of occasions,
indicating the device is suitable for home use during supervised
telehealth consultations.
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Novos desafios, novas respostas nos cuidados de proximidade
FDR Xair, a Radiologia além (de todas as) fronteiras

Leve, compacto e ultraportatil: trés caracteristicas que nunca foram tdo importantes como atualmente, no que aos equi-
pamentos médicos diz respeito.

Além de facil de transportar, o FDR Xair, um equipamento unico no mercado de sistemas médicos, é simples de
manusear e operar, sendo que a sua portabilidade permite o diagndstico em varios e diferentes ambientes médicos, mas
nio s6. E possivel atender pacientes com mobilidade limitada e em qualquer local, nomeadamente hospitais, clinicas,
centros médicos, domicilios, lares, estabelecimentos prisionais, locais de desastres naturais, hospitais de campanha,
instalagoes médicas desportivas, entre outros cenarios que exijam uma resposta rapida e eficiente.

O FDR Xair é alimentado por bateria de polimero de litio com capacidade de autonomia para capturar até 100 ima-
gens, sem uma fonte de energia estavel. E tudo isto com um design moderno, elegante e pratico. Este dispositivo portatil
de raios-X é facil de manusear e é bastante intuitivo. Alids, os botdes estdo localizados em redor do ecra, permitindo que
o técnico opere o equipamento facilmente enquanto o segura.

O equipamento pode ser usado em combinagao com o detetor Fujifilm FDR D-EVO II para um exame radioldgico
de alta qualidade e de baixa dose

O FDR Xair combina tecnologia de inteligéncia artificial (IA) com a heranga de processamento de imagem da Fuji-
film, garantindo uma elevada qualidade de imagem.

Além disso, o sistema FDR Xair pode ser conectado a unidade GPU compacta “Ex mobile”, para fornecer a compatibi-
lidade com uma aplicagdo baseada em IA, que auxilia na detecdo de consolidagdes e nddulos. Isto é algo essencial para
o diagndstico de tuberculose nas radiografias de térax, permitindo, assim, a analise no local.

O combate a tuberculose tem agora um potente aliado

Por todos estes motivos, a inovadora unidade de raio-X da Fujifilm FDR Xair foi adicionada recentemente ao “Catélogo
de Dispositivos Médicos de Diagnostico’, que é publicado pela Global Drug Facility (GDF)' sob o titulo “Stop TB Part-
nership”?, como um elemento fundamental e preponderante para o diagnéstico de tuberculose.

Afinal, a tuberculose é uma das trés principais doencas infeciosas do mundo?®, que afeta mais de 10 milhdes de pessoas
por ano, tendo sido responsavel pela morte de 1,4 milhoes de pessoas em 2019, em todo o mundo. Aproximadamente
90% dos casos concentram-se em paises em desenvolvimento de Africa, sudeste da Asia e outras regides’. No entanto,
este ¢ um numero que se estima estar muito aquém da realidade. Supde-se que mais de trés milhoes de pacientes com
tuberculose nao sdo diagnosticados todos os anos, o que destaca a importancia do rastreio da doenga.

Além disso, e num contexto mais atual e no ambito da pandemia da COVID-19, o FDR Xair System foi particular-
mente usado como um dispositivo de raio-X de térax para o diagnéstico de pneumonia.

Notas

1 - O GDFEF é o brago de compras da Stop TB Partnership

2 — A Parceria Stop TB é uma parceria multissetorial de varios parceiros para a implementa¢ao de medidas contra a TB, estabelecida
em 2001 pela OMS em Genebra, Suica.

3 — Tuberculose, SIDA e malaria

4 - Global Tuberculosis Report 2020, emitido pela OMS

Aviso: O conteudo deste espago € especifico apenas para a edicdo de portuguesa da Thorax com artigos do Archives of Disease in
Childhood. Nao consta na Thorax ou no Archives of Disease in Childhood publicada pelo BMJ Publishing Group Limited e nao foi revisto
ou aprovado pelo BMJ Publishing Group.
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Pressao positiva continua nas vias aéreas em crian-
cas em ambientes com recursos limitados, efeito na
mortalidade e eventos adversos: revisao sistema-
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tica e meta-analise

Kristen L Sessions," Andrew G Smith,? Peter J Holmberg,® Brian Wahl,* Tisungane Mvalo,>®
Mohammaod J Chisti,” Ryan W Carroll,® Eric D McCollum*?

RESUMO

Objetivo Determinar a ventilacdo ndo-invasiva com
resultados da pressao positiva continua nas vias aéreas
(CPAP) para problemas respiratérios pediétricos em pai-
ses de baixos e médios rendimentos ( LMIC).

Desenho Revisdo sistematica e meta-analise.

Cenario Hospitais LMIC.

Doentes Criancas entre um més e 15 anos de idade com
problemas respiratorios.

Intervencdes Pesquisémos na Medline, Embase, LILACS,
Web of Science e Scopus a 7 de Abril de 2020. Os estu-
dos incluidos avaliaram a seguranca, eficacia ou eficién-
cia da CPAP. Foram incluidos todos os tipos de estudos,
tendo sido excluidos apenas os estudos neonatais. Foram
extraidos dados por dois revisores e foi avaliado o envie-
samento. Foi avaliada a certeza da evidéncia e foram
produzidos racios de risco (RR) para meta-anélises. (pro-
tocolo PROSPERO CRD42018084278).

Resultados Foram analisados 2174 artigos, sendo 20
incluidos na revisao sistemética e 3 incluidos em duas
meta-analises separadas de mortalidade e eventos adver-
sos. Os estudos adequados para meta-anélise foram
ensaios aleatorizados controlados (RCT) do Bangladesh,
Gana e Maldui. Para as meta-andlises de comparacdo de
mortalidade ou eventos adversos entre CPAP e recetores
de oxigénio de fluxo reduzido, ndo encontrdmos qualquer
efeito claro da CPAP na mortalidade (RR 0,75, IC 95%
0,33 a 1,72) ou em eventos adversos (RR 1,52, 1C 0,71
a 3,26). Reduzimos a certeza da evidéncia tanto para os
resultados de mortalidade como de eventos adversos
para ‘reduzida’ devido a questdes de concecéo e discre-
pancias de resultados entre os RCT.

Conclusdes A evidéncia da eficacia da CPAP contra a mor-
talidade e eventos adversos apresenta pouca certeza e é
dependente do contexto. Os hospitais que introduziram a
CPAP precisam de ter mecanismos implementados para oti-
mizar a seguranca no contexto em que esta a ser utilizada.
Isto inclui a localizacéo (uma area de alta dependéncia ou
de cuidados intensivos), um niimero adequado de pessoal
treinado em CPAP, monitorizacdo proxima e mecanismos
de escalada, supervisao médica direta diaria, equipamento
adequado a idade e de facil utilizacdo e monitorizacdo con-
tinua dos resultados e da qualidade dos cuidados.

INTRODUCTION
Significant progress has been made in reducing
the global mortality burden for children during
the last 20 years. Despite this, nearly 5.4 million
children worldwide below 5 years old died in
2017.! Reflecting historical mortality trends, lower
respiratory infections (LRIs) are disproportiona-
tely represented, accounting for more deaths
among 1-59 month olds than any other illness.!
Various efforts, including WHO treatment guide-
lines and the Millennium and Sustainable Deve-
lopment Goals, have contributed to child mortality
reductions from LRIs.! However, large respiratory
mortality disparities persist in low-income and
middle-income countries (LMICs).?

Current management of LRIs and respiratory
distress include medical therapies in addition to

What is already known on this topic?

» Lower respiratory infections (LRIs) like
pneumonia are the leading infectious
cause of paediatric death globally despite
antibiotics and oxygen treatment.

» Non-invasive ventilation (NIV) with
continuous positive airway pressure
(CPAP) is an accepted paediatric treatment
modality in high-income countries and for
severely ill neonates in low-income and
middle-income countries (LMICs).

» The most up-to-date research evaluating
the efficacy, effectiveness and safety of
CPAP NIV for severe LRI of non-neonates
has been reported but not systematically
assessed and evaluated by meta-analysis.

What this study adds?

» This systematic review and meta-analysis
synthesises the most updated body of
evidence for non-neonates treated with
CPAP NIV in LMICs.

» We provide key evidence-based
recommendations for hospitals in LMICs
who have already implemented CPAP NIV
for the management of non-neonates with
severe respiratory illnesses like LRIs.

respiratory support. In many LMICs, the highest
level of respiratory support is conventional low-
flow oxygen. Larger hospitals may have some
capacity for more intensive management, including
non-invasive ventilation (NIV) with continuous
positive airway pressure (CPAP) and intubation
with invasive mechanical ventilation (IMV), but
the necessary equipment, medications and human
resource capacity makes this infrequent.

CPAP NIV provides positive airway pressure to a
spontaneously breathing individual to improve lung
compliance, ventilation-perfusion mismatch, gas
exchange and work of breathing.’ In high-income
countries, CPAP is a standard of care for paediatric
respiratory patients with respiratory distress and
can reduce IMV and mortality. In LMICs, ‘bubble
CPAP’ (bCPAP) may particularly benefit neonatal
respiratory distress (<28 days old). bCPAP, unlike
conventional CPAP, generates pressure according to
the depth the circuit’s expiratory limb is submerged
below water.? A systematic review of neonatal bCPAP
in LMICs demonstrated a 30%-50% reduction in
IMV but without a mortality change.* Similarly, a
systematic review of high flow nasal cannula oxygen
found that, when compared with CPAP, CPAP had
a lower treatment failure risk among infants with
younger age, hypoxemia or respiratory distress.” No
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Table 1 Search strategy

PICO term Description

Population Patients 1 month to 15 years of age with respiratory distress including, but not limited to, pneumonia or bronchiolitis in low-income and middle-income
countries

Intervention Non-invasive ventilation including bCPAP, positive end-expiratory pressure and CPAP used in the acute hospital setting for treatment of respiratory distress

Comparison High or low-flow oxygen therapy through nasal cannula, mechanical ventilation or no respiratory support

QOutcome Mortality, treatment failure, adverse events

bCPAP, bubble continuous positive airway pressure.

mortality difference was found. CPAP NIV safety concerns include
possible excessive oxygen delivery, skin and/or nasal septal damage,
aspiration and, rarely, pneumothorax.

While neonatal bCPAP in LMIC:s is widely considered beneficial
and safe, CPAP eflicacy, effectiveness and safety for non-neonates
in LMICs has been a recent focus. A systematic review of the
literature through 2018 concluded bCPAP was safe and effective
in LMICs.®* However, recent research has raised new questions
regarding CPAP for non-neonates. This study’s main objective was
to systematically review the literature to determine through meta-
analyses if CPAP is efficacious, effective, and safe for 1 month to 15
years olds with respiratory distress in LMICs.

METHODS

The development and reporting of this work are per the Preferred
Reporting Items for Systematic Reviews (PRISMA) statement.”
The protocol was registered on PROSPERO (CRD42018084278).

Data sources and search strategies

A search of Medline, Embase, LILACS, Web of Science and Scopus
was performed on 7 April 2020 (table 1). There were no language,
age, publication date or type restrictions. The World Bank LMIC
classification was applied. The search strategy was facilitated by a
medical reference librarian (online supplemental appendix 1). The
references of included studies were also searched.

Inclusion and exclusion criteria for systematic review

All studies published in peer-reviewed journals on NIV efficacy,
effectiveness or safety in the population of interest were included.
We defined NIV as bCPAP or CPAP. Editorials, letters, narratives,
systematic reviews and errata were excluded. Included studies
assessed hospital CPAP efficacy, effectiveness or safety for 1 month
to 15 years old with respiratory distress in LMICs. Studies on
neonates (<28 days old) only were excluded.

Data collection and extraction for systematic review
Search keywords are in online supplemental appendix 1. The online
Covidence platform for data extraction and quality assessments

was used. Two independent reviewers screened each study by
title and abstract. Eligible studies underwent a full review. Disa-
greements at the title and abstract stage were resolved by a third
blinded author; disagreements at the manuscript review stage were
resolved by consensus. A data extraction tool was created in Covi-
dence to collect author, funding, setting, study design, population,
interventions and outcomes data.

Risk of bias assessment for studies included in systematic review
Data extraction and risk of bias assessments were performed by
two independent reviewers and discrepancies were adjudicated by
consensus. Comparative studies, including all randomised control
trails (RCTs), were evaluated using Cochrane recommended
criteria.® Studies with no comparator group were evaluated using
criteria proposed by Murad et al to evaluate selection, ascertain-
ment, causality and reporting domains.’

Data synthesis, assessment of reporting biases and assessment
of heterogeneity

The feasibility of meta-analyses was assessed using clinical and
methodological characteristics for all study designs. Random-
effects models summarised study findings using an inverse vari-
ance method. For dichotomous outcomes, risk ratios (RR) or ORs
and 95% ClIs estimated the treatment effect. We used difference in
means for continuous outcomes. We created and evaluated a funnel
plot to evaluate for reporting biases. We estimated statistical hetero-
geneity using the X* test and the I statistic. The latter describes the
proportion of variation across studies due to heterogeneity rather
than sampling error. All statistical analyses were done using Stata
V.16.1 (Stata, College Station, Texas, USA).

Certainty of evidence assessment

For studies contributing data to meta-analyses, we used GRADEpro
GDT software (GRADEpro GDT 2015) to apply the Cochrane-
recommended GRADE domains of study limitations, consistency
of effect, imprecision, indirectness and publication bias to evaluate
evidence quality.'” When appropriate limitations were identified,
we downgraded evidence according to guidelines.
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Figure 1 Study selection. LMICs, low-income and middle-income countries; NIV, non-invasive ventilation.
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Table 2 Characteristics of included studies

Intervention and

Author, Year Country and setting Study design Sample size and population equipment Comparison Outcomes of interest
Randomised control trials
Cam, Vietnam Randomised N=37 CPAP Oxygen mask  Mortality
2002° Referral hospital control trial Age 0-15 years, dengue shock (n=18) (n=19) Adverse events
Intensive care unit syndrome with respiratory failure  Via Beneveniste valve Success of treatment at 30
despite nasal canula oxygen min* and 24 hours
Chisti, Bangladesh Randomised N=225 Locally constructed bCPAP  Low flow Mortality
2015 Center for Diarrhoeal ~ control trial Age 0-5 years, severe pneumonia  (n=79) oxygen treatment failure™ (clinical
Disease Research and hypoxemia (n=67) failure, mechanical ventilation
Intensive care unit High flow or death)
oxygen Duration of hospital stay
(n=79) Duration of symptoms
Lal, India Randomised N=72 bCPAP via Gregory circuit Standard of care Mortality
2018" Referral hospital control trial Age 1-12 months, acute (n=36) with oxygen Adverse events
bronchiolitis with wheezing mask Need for mechanical
(n=36) ventilation
Change in vital signs* and
MPSNZ-SS* and SA score*
McCollum, Malawi Randomised N=644 bCPAP via Fisher and Paykel  Low-flow Mortality™
2019" District Hospital control trial Age 1-59 months, severe healthcare CPAP system oxygen Adverse events
General ward pneumonia and one or more high  (n=321) (n=323) Duration of respiratory support
risk conditions (HIV infection or
exposure, Hypoxemia, severe
malnutrition)
Morales, Mexico Prospective N=26 NIV via quantum ventilator ~ Orotracheal Mortality
2004" National Institute of ~ comparative Age 0-14 years, acute respiratory  (n=14) intubation Adverse events
Respiratory Disease  studyt failure, Glasgow Coma Score >8 (n=12) Treatment success™ (vital sign
Intensive care unit stabilisation after 2 hours)
Vital sign changes
Duration of hospital stay
Wilson, Ghana Crossover N=69 Hudson RCI CPAP nasal Immediate Mortality
2013" Four district hospitals randomised Age 3 months to 5 years, cannula and DeVilviss CPAP use Change in vital signs™
General wards control trial tachypnoea and retractions or IntelliPAP CPAP machine (n=31) delayed
nasal flaring CPAP use
(n=38)
Wilson, Ghana Crossover cluster  N=2200 Hudson RCI CPAP nasal Oxygen via Mortality*
20174 District hospital and ~ Randomised Age 1 month-5 years, tachypnoea  cannula and DeVilviss non-rebreather ~ Adverse events
Municipal hospital control trial and retractions or nasal flaring IntelliPAP CPAP machine face mask Duration of CPAP
General wards (n=1025) (n=1175)
Non-comparative studies
Balfour-Lynn, Ghana Observational N=106 NIV via Nippy Junior N/A Mortality*

2014'¢

Bjorkland,
2019"

Bonora,
20118

Brown,
20137

Figuera,
2017

District hospital
General ward

Uganda
Referral hospital
Acute care unit

Argentina
Referral hospital
Intensive care unit

Malawi
Referral hospital

Argentina
Provincial hospital

Intermediate care unit

implementation
study?

Prospective,
non-blinded,
non-randomised
interventional
study

Retrospective
observational
study

Case report

Retrospective
descriptive study

Age 0-5 years, respiratory distress
based on respiratory rate, SpO,,
intercostal retractions and grunting

N=83

Age 30 days - 5 years, moderate or
severe respiratory distress based on
a calculated respiratory score (Tal
score >3) or hypoxia despite low-
flow oxygen

N=154

Age 1-18 years, patients needing
NIV for >30 min to attempt to
avoid intubation

N=1

Age 6 months, respiratory distress

N=120
Age 1-24 months, weight <12 kg,
Tal score >5

paediatric pressure controlled
portable ventilator

SEAL-bCPAP with nasal
prong adaptation from ear
plug material

Neumovent graph,
neumovent graph net or
harmony devices for NIV

Low cost bCPAP device
developed by authors

Hudson RCI-CPAP

N/A

N/A

N/A

N/A

Adverse events

Mortality*

Adverse events*

Change in respiratory rate,
oxygen saturation and Tal
scoret

Mortality

Need for intubation*
Duration of NIV
Duration of hospital stay

Mortality

Adverse events

Vital sign changes after 1 hour
Length of hospital stay

Mortality

Adverse events

Success of CPAP (15%
decrease in RR)

Changes in vital signs and Tal
scoret

Duration of NIV

Duration of ICU stay

Continued
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Table 2 Continued

Sample size and

Intervention and

Author, Year Country and setting Study design population equipment Comparison ~ Outcomes of interest
Ghiggi, Argentina Prospective N=42 Nasopharyngeal CPAP via N/A Mortality
2000%° Referral hospital observational Age 1 month- 5 years, Sechrist IV100 B respirators Adverse events
Intensive care unit study Acute respiratory failure Need for mechanical
from pulmonary cause with ventilation*®
indication for mechanical Change in vital signs
ventilation Duration of NIV
Kinikar, India Case-control study N=36 Locally constructed nasal N/A Mortality
20112 Referral hospital Age 0-12 years, influenza bubble CPAP Adverse events
Intensive care unit like illness, moderate to Changes in vital signs in first
severe respiratory distress or 6 hours*
respiratory failure
Lum, Malaysia Prospective N=129 NIV via Mapleson F N/A Mortality
2011% Referral hospital observational Age 0-16 years, patients breathing system Adverse events
Intensive care unit study deemed likely to require Length of NIV
intubation based on vital Length of PICU stay
signs and work of breathing Treatment success™ (intubation
avoided)
Vital Sign changes
Machen, Malawi Prospective N=79 bCPAP N/A Mortality*
2015% Referral hospital observational Weight<10 kg, respiratory Duration of hCPAP
Acute care unit study distress, bCPAP deemed Duration of hospital stay
appropriate by physician Change in RISC scoret
McCollum, Malawi Case report N=1 Hudson RCI -bCPAP N/A Mortality
2011% Referral hospital 3 month old, respiratory Adverse events
distress Duration of bhCPAP
Change in vital signs
Myers, Malawi Prospective N=117 Diamedica “Baby CPAP” N/A Mortality™
2019% Referral hospital observational Age 0-59 months, severe Adverse events
Critical care zone, study respiratory distress
emergency zone
Pulsan, Papua New Guinea  Prospective N=64 Diamedica-modified Airsep  N/A Mortality
2019% Referral hospital observational Children with severe acute  intensity bCPAP Change in respiratory distress
Intensive care unit,  study lower respiratory infection, score*t
Special care nursery with hypoxaemia or severe
respiratory distress despite
standard oxygen therapy
Walk, Malawi Prospective N=77 Locally constructed CPAP N/A Mortality™
2016% Referral hospital observational Age 1 week to 14 years, Adverse events
High dependency study progressive acute respiratory Treatment failure (death or

unit, emergency ward

failure despite oxygen and

intubation)

antimicrobial therapy

Duration of CPAP
Changes in vital signs

*Primary outcome.
tScoring tool to evaluate illness severity
$Non-randomised comparative study.

bCPAP, bubble continuous positive airway pressure; CPAP, continuous positive airway pressure; HIV, immunodeficiency virus; ICU, intensive care unit; MPSNZ-SS, Modified
paediatric society of New Zealand severity score; NIV, non-invasive ventilation; PICU, paediatric intensive care unit; RICS score, respiratory index of severity in children.

Role of the funding source
There was no direct funding. The corresponding author had full
access to all study data and final responsibility for submission.

RESULTS

Systematic review

A total of 2174 studies were screened and 20 were included in
the systematic review (figure 1). These included 5 RCTs,!"!?
1 cluster RCT,'* 1 non-randomised comparative study'” and
13 observational studies'®-?® (table 2). Most studies evaluated
bCPAP or conventional CPAP and were small. Ten studies also
included neonates. Sixteen studies were at tertiary referral or
provincial hospitals and included intensive care or high acuity
units. Four studies, including RCTs in Malawi'* and Ghana,'¢
were at district hospitals in a general paediatric ward. The
Ghana RCT had daily physician oversight while the Malawi
RCT did not. Mortality was the primary endpoint in seven
studies. In the Bangladesh RCT, bCPAP was delivered in an
intensive care unit (ICU) under paediatric intensive care
physician supervision."

RCTs and mortality

For the five RCTs, CPAP mortality varied from 0% to 22% (table 3).
Mortality or treatment failure served as primary endpoints for all.
In the Bangladesh RCT, children on bCPAP compared with low-
flow oxygen had lower mortality (4% bCPAP vs 15% oxygen: RR
0.25,95% CI 0.07 to 0.89; p=0.022)."* The study was stopped early
by the data safety monitoring board for benefit. A second RCT in
Ghana used a cluster crossover design in which CPAP was avail-
able at one hospital at a time, while the other hospital was the
control.’® Children at the intervention hospital received CPAP and
at both hospitals, supplemental oxygen was provided as needed to
maintain oxygenation >92%. The proportion of controls receiving
oxygen was not reported. This trial found no difference in all-cause
mortality between CPAP (3%) and controls (4%) (RR 0.67, 95% CI
0.42 to 1.08; p=0.11). An exploratory adjusted analysis demonstrated
decreased mortality for <1 year olds on CPAP (3%) compared with
controls (7%) (RR 0.40, 95% CI 0.19 to 0.82; p=0.01)."* Another
RCT in Malawi comparing bCPAP to low-flow oxygen found higher
mortality in the bCPAP arm (17% and 11%, RR 1.52; 95% CI 1.02
to 2.27; p=0.036)." This study was stopped early due to both futility
and the possibility of harm from bCPAP. In an open, prospective
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Table 3 Outcomes for randomised control trials

Total
sample
Author, year size Mortality Findings Adverse events Reported limitations ~ Reported conclusions
Cam, 37 CPAP: 4/18 Stabilisation of patient 0 (0%) Small sample size Nasal CPAP is useful in
2002° (22%) with Pa0, >80 mm Hg after compared with calculated improving management of
Oxygen: 0/19 30 min: sample size acute respiratory failure in
(0%) CPAP: 14/18 (78%) children with dengue shock
Oxygen: 6/19 (32%) syndrome
13/19 oxygen patients
were transitioned to CPAP
after failure on oxygen, all
improved
Chisti, 225 bCPAP: 3/79 Treatment failure: bCPAP:  bCPAP: 17/79 (22%) Trial was stopped early ~ Bubble CPAP therapy could
2015 (4%) 5/79 (6%) Oxygen: 14/67 (21%) before full recruitment be beneficial in hospitals in
Low-flow Low-flow oxygen: 16/67 AEs included abdominal distension, developing countries where
oxygen: 10/67  (24%) and newly recognised heart failure. the only respiratory support is
(15%) High-flow oxygen: 10/79 standard flow oxygen.
High-flow (13%)
oxygen: 10/79 Length of hospital stay
(13%) (days; median (IQR)):
Total: 23/225 bCPAP: 5 (3-7)
(10%) Low-flow oxygen: 4 (3-7)
High-flow oxygen: 5 (3-7)
Lal, 72 Not reported Decrease in RR at 1 hour 0 (0%) Study duration was only 1 CPAP significantly decreases
2018" (mean, SD): bCPAP: 8 (6) hour, functional outcomes respiratory rate in patients with
Supplemental oxygen via including need for acute bronchiolitis in the first
facemask or hood: 5 (4) invasive ventilation and  hour of treatment
Need for mechanical duration of hospital stay
ventilation: bCPAP: 2/36 were not evaluated
(5%)
Standard of care: 1/36 (3%)
Morales, 26 0 (0%) Duration of Hospital stay ~ NIV: 11 (79%) Limitations not reported NIV is useful in reducing the
2004 (days, mean (SD)): Intubation: 11 (92%) possibility of orotracheal
NIV: 8.2 (2.8) Complications included aerophagia, intubation and decreases
Intubation: 19 (11) erythema, septal necrosis, pericardial the length of hospital stay
Success of intervention: effusions, infections compared with mechanical
NIV: 12 (86%) ventilation
Intubation: 12 (100%)
McCollum, 644 bCPAP: 53/321  Duration of respiratory bCPAP: 11/321 (3%) Trial stopped early before bCPAP in a paediatric ward
2019 (17%) support (days, mean (SD)):  Oxygen: 1/323 (<1%) full recruitment, no access without daily physician
Oxygen: 35/323  bCPAP: 4.5 (1.9) oxygen:  AE included aspiration events, probable to radiographic imaging, supervision did not reduce
(11%) 3.9(2.1) pneumothorax and skin breakdown designed to reflect real-  mortality among high-risk
world setting but staff Malawian children with severe
augmented, pneumonia, compared with
oxygen.
Wilson, 70 Immediate CPAP: Decrease in RR at 1 hour ~ Not reported Study design not powered CPAP is a safe and effective
2013" 3/31 (10%) (mean (Cl)): to evaluate mortality, method to decrease respiratory
Delayed CPAP:  Immediate CPAP: 16 (10, Active study was only 2 rates in children presenting
0/38 (0%) 21) hours long, not blinded,  with nonspecific respiratory
Delayed CPAP: 1 (-2, 5) 100% consent rate, distress
Percent change in RR at 2 limited diagnostic testing
hours:
Immediate CPAP: data
missing
Delayed CPAP: 13 (8, 19)
Wilson, 2200 CPAP: 26/995 Duration of CPAP (median  CPAP related AE: Allocation by site rather ~ CPAP did not decrease
2017 (3%) (IQR)): CPAP: 28/1021 (3%) than patient leading all-cause 2-week mortality

Control: 44/1160
(4%)

CPAP: 12 (7.2-19.8)
Control: 0 (0)

Control: 24/1160 (2%)

CPAP related AE included vomiting,
nasal trauma, skin trauma, aspiration
and eye trauma

Other AE:

CPAP: 70/1021 (7%)

Control: 85/1160 (7%)

Other AE included fever, cough,
diarrhoea, rash, skin or mucosal
complaints, respiratory distress, rhinitis,
swelling, seizure, anaemia or malaria

to concealment and
enrolment bias, limited
diagnostic abilities,
possibly underpowered

in children 1 month to 5
years with undifferentiated
respiratory distress. After
adjustments for key variables,
2-week mortality in CPAP
group vs control group was
decreased for children under
1 year of age. CPAP improved
respiratory rate.

AE, adverse events; bCPAP, bubble continuous positive airway pressure; CPAP, continuous positive airway pressure; RR, respiratory rate in breaths per minute.

RCT from Vietnam involving 37 children with respiratory distress

Observational studies and mortality

from dengue, 18 received CPAP and 19 received oxygen. Mortality =~ Among the 11 observational studies, CPAP mortality ranged

was 22% after CPAP compared with 0% for controls (p=0.03).°

from 0% to 55% (table 4). Four tertiary hospital studies reported
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Table 4 Outcomes for non-randomised control trials

Total
Author, year sample size Mortality  Additional findings Adverse events Reported limitations Reported conclusions
Balfour-Lynn, 106 2 (2%) N/A 0 (0%) Possibility of missing data  NIPPV can be a simple and cost-
2014 effective way to treat patients
with acute respiratory failure
Bjorklund, 83 8 (10%) Patients with severe illness based ~ Severe: 0 Evaluations for complications SEAL-bCPAP is safe for
2019 on Tal score: Mild: 5 (6%) based only on clinical exam, ~ treatment of respiratory distress
0 hours: 64/83 (77%) Mild AE included nasal tissue not powered to evaluate in non-neonatal children in
2 hours: 12/83 (15%) irritation and abdominal effectiveness, differencesin -~ LMIC with a trend towards
distension pretrial and trial patients decreased mortality
Bonora, 154 Avoided No need for intubation: 80/154 Skin breakdown noted but Retrospective study design NIV avoided mechanical
20117® intubation:  (52%) number of adverse events not  with no control group, no  ventilation in a high proportion
3.8% Duration of NIV (days, median reported rigid protocol to determine of children
Required (IQR)): when therapies should be
intubation:  Avoided intubation: 4 (2.25-6) escalated or discontinued
38.8% Required intubation: 2 (1-4)
Duration of hospital stay (days,
median (IQR)):
Avoided intubation: 6 (5-9)
Required intubation: 13 (9-24)
Brown, 1 0 (0%) Duration of bCPAP: 4 days 0 (0%) Limitations not reported A low-cost bCPAP could reduce
2013% Duration of hospital stay: 6 days child mortality in Africa
Figueroa, 120 Not Success of bCPAP: 72% 4 (3%) Limitations not reported A reduction in respiratory rate,
2017" reported Duration of bCPAP (hours, mean  Complications included heart rate and TAL scores at 2
(C1)): 75 (65-85) abdominal bloating and hours after starting intervention
Duration of ICU stay (days, mean  pneumothorax were predictors of success
(C1)): 10 (9-11)
Ghiggi, 42 2 (5%) Duration of nasopharyngeal CPAP 8 (19%) Small sample size Nasopharyngeal CPAP was
20002 (days, mean (SD)): 4.12 (3.71) Complications included tube useful to avoid mechanical
Need for mechanical ventilation:  obstructions and apnoea due to ventilation
13/42 (31%) excessive sedation
Kinikar, 36 0 (0%) Duration of ICU stay (days, median 0 (0%) Limitations not reported Indigenous NB-CPAP improves
20112 (range)): 2 (2-5) hypoxemia and signs and
Duration of hospital stay (days, symptoms in hemodynamically
median (range)): 7 (6-11) stable children with acute
Decrease in mean RR after 6 hours: respiratory failure due to
H1N1 positive: 20 influenza-like injury
H1N1 negative: 17
Lum, 129 19 (15%) Duration of NIV (days, median 29 (22%) Not an RCT, no routine use NIV represents a viable
20112 (IQR)): 4 (2-8) Complications included of blood gas sampling, strategy that provided effective
Duration of PICU stay (days, pneumonia while on NIV, shortage of NIV machines  respiratory support and
median (IQR)): 4.5 (2-9) pressure from mask and prevented intubation in majority
Avoided mechanical ventilation ~ problems with mask fitting of patients
for =5 days: 98 (76%)
Machen, 79 23 (29%) Duration of CPAP (days, mean): 3.12 Not reported Clinical diagnoses bCPAP was most beneficial to
2015% Duration of hospitalisation (days, could have led to patients with bronchiolitis
mean): 8.41 misclassification
Had lower RISC score after 24
hours: 63 (80%)
McCollum, 1 0 (0%) Duration of bCPAP (days): 7 0 (0%) Limitations not reported bCPAP was successful in treating
2011% an infant with PJP pneumonia
secondary to HIV infection
Myers, 17 38 (33%) Required intubation: 15/115 (13%) 13 (11%) Observational study It is feasible to use bCPAP in
2019% Duration of treatment (hours, Complications included blocked ~ design, small sample size,  the hospital management of
median (IQR)): 24 (24-60) nostrils or nasal prongs, limited human resources  critically ill children in resource-
interruption of oxygen supply,  and some missing data limited settings
nasal septum lesions and points
aspiration
Pulsan, 64 35 (55%) RDS (mean (IQR)): Not reported Observational study bCPAP improves oxygenation
2019 Pre-CPAP: 11 (10-12) design, bCPAP only used  and reduces respiratory distress
1 hour: 9 (8-11) when oxygen failed in some children but children
84 hours: 6.5 (6-8) with comorbidities continue to
do poorly
Walk, 77 36 (47%) Duration of treatment (days, 13 (17%) Non-randomised and bCPAP can be feasibly
2016% median (IQR)): 3 (3-5) uncontrolled, small sample implemented into a tertiary

size, understaffing, missing

vital sign data

African hospital with high-risk
patients

AEs, adverse events; bCPAP, bubble continuous positive airway pressure; CPAP, continuous positive airway pressure; RR, respiratory rate in breaths per minute.
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Figure 2 Risk of bias assessment for RCT and prospective
comparative studies.

mortality >30%.%° 22 Mortality was the primary endpoint for
five prospective observational studies and was 2%, 10%,' 29%,%
33% and 47%.?® Results from several studies suggested multiple
comorbidities may detrimentally influence outcomes. Specifically,
two studies with high all-cause mortality among CPAP recipients
reported fewer deaths among HIV-uninfected patients with very
severe pneumonia and single organ failure.”

Non-fatal adverse events (AEs)

Sixteen studies reported non-fatal AEs (table 3A,B). Six of these
reported no AEs. AEs in the other seven studies were 3%-22%. One
study reported a 79% AE rate including infections.'” When infec-
tions were excluded, the AE rate was 22%. Most AEs were mild and
included trauma to the nasal septum, skin and eyes, vomiting and
abdominal distension.'*!¢1719-2126 A few serious AEs including the
development of heart failure, aspiration and pneumothorax were
reported.ll 1416 21

Risk of bias assessment for systematic review
Due to the inability to blind the respiratory therapy intervention, no
RCT was blinded from participants, personnel or outcome assessors
(figure 2). One study was not randomised"” and another RCT used
a cluster crossover design and randomised at the hospital level.'* All
seven studies had low risk of incomplete data or reporting bias.
Five observational studies had unclear or high risk of selection bias
due to inconclusive reporting (online supplemental file 1).1825 272930
All studies were considered low risk of ascertainment bias. Due to

Tostof B = 00 = -QUBE, p = DLED
017 035 05 10 20
Rarssionm-oiieots D Senonian- Lasng micdel
Figure 3 Meta-analysis of trials assessing CPAP against mortality in
children less than 5 years. CPAP, continuous positive airway pressure.

the observational design, 10/13 studies were considered unclear or
high risk of causality bias. Risk of causality bias was assigned based
on potential alternate causes, presence of a challenge/rechallenge
phenomenon and appropriate follow-up duration.’

Meta-analysis

The RCTs in Bangladesh, Ghana and Malawi were found suitable
for inclusion in a meta-analyses for the efficacy of CPAP against
mortality and adverse events (figure 1). Meta-analyses for other
trial endpoints or with observational studies were not suitable
due to incomparability of endpoints and populations, and high
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Figure 4 Meta-analysis of trials assessing CPAP against adverse
events in children less than 5 years. CPAP, continuous positive airway
pressure.

Table 5 Meta-analysis study selection

Outcome Study Included (yes/no) Explanation
Death Cam (2002)" No Non-comparable age group, non-comparable case definition (dengue)
Christi (2015) Yes
Lal (2018)" No Non-comparable age group, outcome not reported
McCollum (2019)" Yes
Morales (2004)" No Non-comparable age group, non-comparable control group (invasive mechanical ventilation)
Wilson (2013)"® No Non-comparable age group, non-comparable study design (all participants received CPAP intervention)
Wilson (2017)'¢ Yes
Treatment failure Cam (2002)" No Non-comparable age group, non-comparable case definition (dengue)
Christi (2015) Yes
Lal (2018)" No Non-comparable age group, outcome not reported
McCollum (2019)™ No Non-comparable outcome
Morales (2004)" No Non-comparable age group, non-comparable control group (invasive mechanical ventilation)
Wilson (2013)" No Non-comparable age group, non-comparable study design (all participants received CPAP intervention)
Wilson (2017)® No Outcome not reported
Adverse events Cam (2002)" No Non-comparable age group, non-comparable case definition (dengue)
Christi (2015) Yes
Lal (2018)" No Non-comparable age group
McCollum (2019)* Yes
Morales (2004)" No Non-comparable age group, non-comparable control group (invasive mechanical ventilation)
Wilson (2013)" No Non-comparable age group, non-comparable study design (all participants received CPAP intervention)
Wilson (2017)'¢ Yes

CPAP, continuous positive airway pressure.

BM)

Sessions KL, et al. Arch Dis Child 2021;107:543-552. doi: 10.1136/archdischild-2021-323041

RCPCH

215



Artigo original

@ — We measured I? to be 82.67%, consistent with considerable heterogeneity (online supple-
] geneity 1%
8 = 2 mental appendix 2). For AEs, the combined RR of CPAP, compared with low-flow oxygen,
s = § was 1.52 (95% CI 0.71 to 3.26), which is similarly inconclusive for AE risk (figure 4).
E S = Heterogeneity was also high (I? 56.69%) (online supplemental appendix 3).
>
£ 8 8 Certainty of evidence assessment
g g z g z The overall certainty of evidence for the outcomes of death and adverse events was low
e - - (table 6). Evidence certainty was downgraded two levels for both outcomes due to lack of
y g
= 2 blinding of participants, personnel or during analysis, as well due to the varying RR esti-
S £ mates of death and also adverse events, little CI overlap and high heterogeneity.
£ p g geneity.
o~
— ~
g= 8= DISCUSSION
S 2 g 2 We completed a systematic review and meta-analysis of studies on CPAP and its effect
5 2 gz p Y Y
g3 = @ T on mortality, and adverse events among 1 month to 15 year olds in LMICs. Overall, the
RS Zc = summary estimate from the meta-analyses of three RCTs found both inconclusive and
o o . . . .
28 T 2= low certainty evidence for CPAP efficacy against death and adverse events, compared with
= = oxygen, for 1-59-month-old children with respiratory distress in LMICs. Our findings
R © Y8 p M g
° = = > suggest that facilities in LMICs using CPAP should monitor outcomes closely and pay
5|23 K2 X e attention to the context in which CPAP has been most efficacious: this includes the loca-
e é o E o =3 tion (a high dependency or intensive care area), adequate numbers of staff trained in
w ~ -~ ~ . . . . . . ..
CPAP use, close monitoring and mechanisms for escalation, daily direct physician super-
S vision and equipment that is age appropriate and user-friendly.
= = The different contexts of the three RCTs included in these meta-analyses are important.
2 N B While the Bangladesh RCT was stopped after an interim analysis showed evidence of a
Y = & 8 3% %
s S S mortality benefit of CPAP in that context, some argued the trial’s closure was premature.’!
S Y g P
n ~ . . . . . .. .
= ) 5 In Bangladesh, the setting was an ICU with daily physician supervision and trained nurses.
3 & 3 The Ghana RCT did not demonstrate any difference in the primary mortality outcome.
y p Y
2 = _ However, in an exploratory analyses of the outcomes for children less than 1 year of age,
5 ~ = the authors observed a mortality benefit for CPAP compared with controls. It was unclear
] Py s |8 what proportion of controls received oxygen and the low hypoxemia prevalence suggests
5| o 2 | it is few. Severity of illness and comorbidity is an important case-mix difference in the
2 & R = 3 three RCTs, as in the other two trials oxygen was administered to all controls. The Ghana
a g RCT was also conducted under physician oversight in a district hospital emergency
) 3 department. Finally, the Malawi RCT was stopped early for both futility and potential
S 2. harm from CPAP. This trial enrolled sicker children than in Ghana (all participants had at
E 25 least one comorbidity or hypoxemia), and the trial was conducted in a district paediatric
] TE ward hospital with trained staff but without daily physician oversight.
S ] e (3 g When reviewing all AEs, excluding mortality, we found them to be rare and generally
] 2 2 |5 T minor, although meta-analysis findings were inconclusive. Significant AEs were even rarer
g " . |8 & and included aspiration, pneumothorax and development of heart failure. Investigators
2 3 3 |2g from the Malawi trial postulate that aspiration or cardiopulmonary interactions leading
g 2 2 % 2 to reduced cardiac output may have influenced their findings.*> While these results are
E 2 2 |ES inconclusive on the effect of CPAP on mortality, they still provide useful guidance for
9 3 CPAP use in LMICs. We suggest that CPAP is used only with direct physician oversight in
2 E E E 2 an ICU, high dependency or dedicated unit with overall patient to staff ratios no higher
3 g g |22 than 5:1.
] 3 3 2T Given this mixed evidence, further research is needed as more paediatric services in
- 22 LMICs consider whether to implement CPAP. A strong understanding of which patient
g £ £ populations will derive maximum benefit from CPAP in resource-constrained settings
Z - -~ |EE is essential. In addition, as intensive care modalities become more common in LMICs,
£ 3 2 (8% attention must be given to the impact of intensive care on resource utilisation. This is
£ 3 g |&x particularly important for a more resource intensive modality like CPAP where evidence
= " 25 remains low certainty and context specific. For example, if oxygen concentrators are used
=) = X X 2= for bCPAP gas flow, then one child occupies one entire oxygen concentrator. Oxygen flow
o G g 2 |2 from the same concentrator could in turn simultaneously treat up to five total children
= ] - s |22 requiring oxygen.” Neverthel derstanding of the context in which CPAP safet
s 2 5 3 |- q g oxygen.” Nevertheless, an understanding of the context in whic safety
o © o P . .
s " w |2 S can be optimised can be derived from the three trials.
= v £ 5 . . X
2 - £ € |8= In sum, this systematic review demonstrates current data for CPAP has overall low
= 2 3 3 |E 2 certainty and is inconclusive on a mortality benefit, but adverse events are few. The current
;, - %; € € E— § literature is helpful in understanding the context in which CPAP can be safe as a part of
El3| T e g (B2 the overall management of acute respiratory infections in children.
E|E| &| &£ g |ES
CIR: v g3
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Rastreio da funcao pulmonar entre os 10 e 35 anos
apos nascimento extremamente prematuro ou com
peso a nascen¢a extremamente baixo

Tonje Bardsen, 2 Ola Drange Raksund,'** Merete Rgineland Benestad,'* Karl Ove Hufthammer®
Hege Havstad Clemm,"? Ingvild Bruun Mikalsen,%” Knut @ymar,?’ Trond Markestad,? Thomas

Halvorsen,"? Maria Vollseeter'?

RESUMO

Contexto Permanecem desconhecidas as consequéncias
pulmonares ao longo da vida de um individuo apds nasci-
mento extremamente prematuro ou com um peso a nas-
cenca extremamente baixo. O nosso objetivo foi descrever
trajetorias da funcdo pulmonar em individuos entre os 10
e 0s 35 anos de idade que tenham nascido extremamente
prematuros e abordar os efeitos de coorte potenciais ao
longo de um periodo que englobasse grandes mudancas
nos cuidados perinatais.

Métodos Realizamos espirometria repetida em trés
coortes populacionais nascidas em idade gestacional
<28 semanas ou com peso a nascenca <1000g durante
1982-85, 1991-92 e 1999-2000, referidos como extrema-
mente prematuros, e em controlos nascidos no termo com
correspondéncia a nivel de idade e sexo. Foram efetuados
exames aos 10, 18, 25 e 35 anos. Os dados longitudinais
foram analisados com recurso a regressao de modelos mis-
tos, sendo os individuos extremamente prematuros estrati-
ficados por displasia broncopulmonar (BPD).

Resultados Recrutamos 148/174 (85%) individuos nas-
cidos extremamente prematuros e 138 nascidos no termo.
Em comparagéo com os individuos nascidos no termo,
0s que nasceram extremamente prematuros apresenta-
ram pontuacGes z para volume expiratorio forcado em 1s
(FEV.) mais baixas na maioria das avaliagdes. As principais
excecOes ocorreram nos grupos sem BPD nas duas coortes
mais jovens. Em grande parte, as trajetorias FEV, foram
semelhantes para os nascidos extremamente prematuros
e para 0s nascidos no termo, também durante o periodo
de 25-35 anos, que inclui o inicio do declinio da funcéo
pulmonar relacionada com a idade. Os individuos nasci-
dos extremamente prematuros apresentaram um pico de
funcéo pulmonar inferior aos dos individuos nascidos no
termo, mas os valores de z- FEV, melhoraram por cada
década consecutiva de nascimento (p=0,009). Os critérios
espirométricos para doenca pulmonar obstrutiva cronica
foram mais preenchidos pelos individuos nascidos extre-
mamente prematuros do que pelos individuos nascidos no
termo, 44/148 (30%) vs. 7/138 (5%), p<0,001.
Conclusdes A funcdo pulmonar dos individuos que nas-
ceram extremamente prematuros foi paralela a dos indivi-
duos nascidos no termo, mas significativamente abaixo das
trajetorias dos individuos nascidos no termo entre os 10-35
anos, incluindo o declinio incipiente relacionado com a
idade que ocorre entre os 25 e os 35 anos. Os défices
em relacdo aos individuos nascidos no termo foram dimi-
nuindo a cada década de nascimento entre 1980 e 2000.

INTRODUCTION

Rarely in the history of medicine were the ‘frontiers
of the possible’ pushed further and faster than in
our neonatal intensive care units (NICU) during
the 1980s and 1990s." By the turn of the millen-
nium, survival approached 80%-90% for 28 weeks’
gestation, the cut-off for being labelled extremely
premature.” In high-income countries, extremely

What is the key question?

» Extremely premature birth is associated
with airway obstruction during chil-
dhood, adolescence and young adulthood.
Survival was uncommon in these infants
before the 1980s and their lifetime health
prospects are therefore unknown.

What is the bottom line?

» This is the first population-based longitu-
dinal study to describe lung function tra-
jectories well into adulthood in extremely
preterm-born survivors, describing per-
sistent airway obstruction beyond peak
function in early adult life and throughout
the onset of the age-related decline from
25 to 35 years.

Why read on?

» Chronic obstructive pulmonary disease
roots in early life, and extremely premature
birth represents an important precursor that
needs to be acknowledged by chest physi-
cians and targeted by the research commu-

nity.

preterm-born infants currently account for one in
200 children growing up.’ They are born at a time
when the lungs normally undergo complex deve-
lopmental processes in a protected intrauterine
environment. In contrast, the lungs of infants born
at this early stage are exposed to lifesaving, but also
harmful, intensive care. Survivors are at increased
risk of chronic lung disease as well as premature
death from a range of causes.*

Lung function normally increases through
childhood and adolescence, reaches a peak in
the mid-20s, and then gradually declines with
age.’ The trajectory is modulated by genetic
mechanisms, antenatal factors, and multiple
early events and exposures.® For most people, the
adult decline proceeds unrecognised as symp-
toms only appear if lung function reaches very
low levels.” For infants born extremely preterm,
this lifespan perspective represents uncharted
territory, as their high survival rates are recent
achievements.

Most extremely preterm-born do not appear
to reach their expected peak adult lung func-
tion.® A few longitudinal studies have traced their
lung function up to the mid-20s, finding both
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deterioration or tracking in parallel although at lower levels, when
compared with subjects born at term.** To date, no longitudinal
studies have traced lung function of extremely preterm-born past
25 years of age, and thus we lack information regarding the nature
of their age-related decline. Given their common early morbidi-
ties, the decline might start at a younger age or be steeper than
in the general population, and early chronic obstructive pulmo-
nary disease (COPD) is a feared scenario. Bronchopulmonary
dysplasia (BPD) is a respiratory complication affecting approxi-
mately 50% of extremely preterm-born neonates, primarily cha-
racterised by prolonged requirement for supplemental oxygen in
the neonatal period.? BPD is associated with subsequent airway
obstruction and bronchial hyper-responsiveness, and there are
concerns for additional negative impact on adult pulmonary
health.>'*

We have previously reported lung function data from three
population-based cohorts born extremely preterm or with
extremely low birth weight (BW) (hereafter referred to as extremely
preterm-born) during the early 1980s, 1990s and 2000s.'2'* ' With
the present extension of these studies, we aimed to describe their
lung function trajectories well into adulthood, and to address
potential cohort effects over almost twenty years of inclusion, a
period that encompassed major changes in perinatal care. We
hypothesised that lung function in subjects born extremely
preterm tracked in parallel, but below the level of matched term-
born controls, and that differences decreased with succeeding

decade of birth.

MATERIALS AND METHODS

Subjects and study design

Three regional population-based cohorts born during 1982-
1985 (82-85 cohort), 1991-1992 (91-92 cohort) and 1999-2000
(99-00 cohort) at gestational age (GA) <28 (82-85 and 91-92
cohort) or <27 weeks (99-00 cohort), or with BW <1000 g were
included. For each extremely preterm-born, the temporally
closest individual born at term at the same hospital and of the
same sex with BW 3-4 kg (Norwegian 10-90 percentiles)'” was
recruited as a control. The cohorts were assessed at three (two
for the 99-00 cohort) study-visits performed in 2001-2002,
2008-2011 and 2018-2020 at, respectively, 18, 25 and 35 years;
10, 18 and 25 years; and 10 and 18 years (figure 1). Inclusion and
study design has been described previously."? * ¢ The subjects
completed the International Study of Asthma and Allergy in
Childhood*® questionnaire at each visit.

Doenca pulmonar pediatrica

BPD was defined as need for supplemental oxygen or respiratory
support at postmenstrual age >36 weeks. The mode of determina-
tion of GA, and the definitions of small for GA (SGA), smoking
status, atopy and asthma have been described previously,** !¢ and
is also provided in the online supplemental file.

Lung function measurements

Spirometry without prior administration of bronchodilator was
performed and reviewed according to standard criteria® in a lung
physiology laboratory with experienced test-personnel, using a
Vmax spirometer (SensorMedics, Anaheim, California, USA) for
the first two study visits, and a Vyntus pneumo spirometer (Vyaire,
Hoechberg, Germany) for the last. Forced expiratory volume in 1 s
(FEV))), forced vital capacity (FVC), the ratio FEV /FVC and forced
expiratory flow at 25%-75% of FVC (FEF,, __, ) were recorded. Raw
data were normalised for age, sex, ethnicity and height.?* The lower
limit of normal (LLN) was defined as z-score < —1.645. The Global
lung function initiative (GLI) equations were used to estimate
peak expected lung function at 20 and 22 years for females and
males, respectively, defining participants’ final height as measured
at 18 or 25 years, whichever was highest. The spirometry criteria
for COPD was defined as FEV /FVC z-score <LLN.

Statistical methods
Descriptive data are reported as means, SD, ranges, counts and/or
percentages, as appropriate. Questionnaire data are presented as at
least one positive response at any visit. Welch’s one-way analysis
of variance (ANOVA)/t-tests, Kruskall-Wallis, Wilcoxon-Mann-
Whitney and Pearson’s X* tests, were performed to compare expo-
sure variables between cohorts and between extremely preterm
and term-born subjects within cohorts, as appropriate. We fitted
linear mixed-effects longitudinal models to estimate, for each time
point, mean z-scores for FEV , FVC, FEV /FVC and FEF, ...
and FEV, as percentage of expected adult peak. The explanatory
variables were cohort, age group and subject category (term-born
vs extremely preterm-born without BPD vs extremely preterm-
born with BPD). For maximal flexibility, all possible interactions
of these explanatory variables were included, and subjects were
included as a random intercept. The use of mixed-effects models
allows inclusion of subjects with incomplete follow-up data,
reduces bias caused by missing data, and increases the precision
of the estimates.”!

We fitted simplified versions of the full model to test for cohort
effects and parallel longitudinal patterns, and we compared the

w

Figure 1 Patient inclusion. The inclusion procedure for the extremely preterm (EP)-born (born at gestational age <28 weeks or birth weight <1000
g) and their matched term-born controls. BW, Birth weight; GA, gestational age.
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Table 1 Perinatal data

82-85 cohort 91-92 cohort 99-00 cohort P value
Term-born, participated/eligible 46/46 35/35 57/57 -
EP-born, participated/eligible 49/51 35/35 64/88 -
Perinatal data of term-born and EP-born subjects
Birth weight in grams, mean (range)
Term-born 3441 (3000-4000) 3564 (3010-4000) 3696 (2990-4500) 0.003
EP-born 1005 (580-1480) 933 (570-1400) 844 (450-1250) <0.001
EP no BPD 1047 (580-1480) 976 (620-1400) 862 (450-1250) 0.001
EP BPD 888 (670-1080) 851 (570-1200) 827 (520-1100) 0.39
Maternal smoking during pregnancy, n (%)
Term-born 10 (22) 9 (26) - (26)* 0.72
EP-born 22 (48) 13 (38) 15 (25) 0.06
Perinatal data of the EP-born subjects
Gestational age in weeks, mean (range) 275 (23-34) 26.7 (23-31) 26.7 (24-31) 0.03
SGA, n (%) 9 (18) 5 (14) 23 (36) 0.03
Birth weight Z score, mean (SD) -0.5 (1.2) -0.3 (0.9 -0.8 (1.3) 0.13
Postnatal days with oxygen treatment, median (quartiles)t 42 (26-56) 49 (26-71) 61 (40-78) 0.05
Days on CPAP, median (quartiles) 3 (0-14) 8 (1-28) 29 (19-42) <0.001
Ventilator days, median (quartiles) 8 (1-16) 4 (1-12) 5 (2-9) 0.04
BPD n (%) 13 (27) 12 (34) 33 (52) 0.02
Antenatal steroids, n (%) 17 (35) 15 (44) 52 (81) <0.001
Surfactant, n (%) 0 (0) 17 (49) 54 (84) <0.001
Postnatal steroids, n (%) 4 (8) 10 (29) 20 (31) 0.01
PDA closure, medical or surgical, n (%) 13 (27) 17 (49) 14 (22) 0.02

Cohort differences were tested using Welch's one-way ANOVA for continuous variables and Pearson’s y? test for categorical variables.
*Data not recorded for term-born from this cohort; the reported value represents percentage of smoking mothers of all births in the region, from the medical birth registry of

Norway. The corresponding p value is based on comparison of the two earliest cohorts.
tCohort differences were tested using Kruskall-Wallis test due to skewed data.

ANOVA, analysis of variance; BPD, bronchopulmonary dysplasia (supplemental oxygen or respiratory support at postmenstrual age =36 weeks); CPAP, continuous positive airway
pressure; EP, subjects born extremely preterm or with extremely low birth weight (gestational age <28 weeks or birth weight <1000 g); PDA, persistent ductus arteriosus; SGA,
small for gestational age (BW <10th percentile for GA according to Norwegian growth curves).

full and simplified models using likelihood ratio tests. To compare
cohorts of extremely preterm-born subjects, we omitted the age
variable, as FEV | z-scores were stable over time. To assess the
effects of neonatal variables, we fitted a multiple regression model
for z-FEV, at 18 years, the only age where all cohorts had meas-
urements. Explanatory variables were cohort, BPD status, GA,
BW z-score, maternal smoking and treatment with surfactant and
antenatal steroids. We evaluated the effect of current smoking at 18
years on z-FEV for the 82-85 and 91-92 cohorts by Welch’s t-test
(data missing for the 99-00 cohort).

All models were fitted using R V.4.0.2, and the mixed-effects
models by using the R package Ime4’ V.1.1-25. Values of p<0.05
were characterised as statistically significant.

The study was originally designed in 2001 to have 90% power
to detect differences exceeding 7.5 percentage points in FEV,
between the extremely preterm-born and term-born groups, given
normally distributed data, a within-group SD of 10 percentage
points, and a two-sided significance level of 0.05. This required a
sample-size of 39 in each group.

RESULTS

Subjects

In total, 217 extremely preterm-born were admitted to the two
NICUs during the three inclusion periods; 174 (80%) were alive
at first follow-up. Survival rates at hospital discharge were 62%,
76% and 83% in the 82-85,91-92 and 99-00 cohorts, respectively.
During the follow-up period, three died and three were excluded
due to inability to perform spirometry. In total, 148/174 (85%)
participated at least once, 122/174 (70%) at two or more visits, and
99/171 (58%) participated at all possible visits (three for the 82-85

and 91-92 cohort, two for the 99-00 cohort) (figure 1). Sixteen
subjects were included solely on the BW criterion, six in the 82-85
cohort (mean GA 31 weeks), two in the 91-92 cohort (GA 30 and
31 weeks), and eight in the 99-00 cohort (mean GA 29.6 weeks).

To recruit a full 1:1 control group, we approached 1.3 term-
born subjects per extremely preterm-born in the 82-85 and 91-92
cohorts, and 1.6 in the 99-00 cohort. Altogether 138 controls were
included, one died during the study period. In total, 93/137 (68%)
participated at all possible visits and 115/138 (83%) at two or more
visits.

Perinatal characteristics

For term-born participants, mean BW increased with birth-
decade. For extremely preterm-born, mean BW and GA decreased,
and the proportion born SGA increased with birth-decade.
Days on oxygen supplementation and the proportion with BPD
increased with birth-decade, as did the use of CPAP, surfactant
and antenatal as well as postnatal steroids, whereas the number of
ventilator days decreased. Exogenous surfactant was unavailable
for the 82-85 cohort, available as synthetic surfactant (Exosurf)
provided according to the OSIRIS study protocol for the 91-92-
cohort,”? and as porcine-derived surfactant (Curosurf) provided
according to existing guidelines to the 99-00 cohort. Details
on neonatal management have been described previously.” ¢
Maternal smoking decreased with birth-decade. Perinatal charac-
teristics did not differ between participants and non-participants
in the 99-00 cohort, except that more non-participants were
exposed to maternal smoking during pregnancy (56% vs 25%;
online supplemental table E1). Non-participation rates for the two
oldest cohorts were negligible (table 1).
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Table 2 Background variables (n=286)

91-92 cohort 99-00 cohort

Cohort 82-85 cohort
Participated/eligible* Term-born 46/46  (100)
EP-born 49/51 (96)
Female sex, n (%), p value Term-born 21 (46)
EP-born 21 (43)
Final Height in cm, mean (SD), p value Term-born 174 (8)
EP-born 170 (8)
Adult Weight in kg, mean (SD), p value Term-born 73 (14)
EP-born 74 (18)
Self-reported smoking, n (%), p value Term-born 16 (35)
EP-born 21 43)
Atopy, n (%), p value Term-born 20 (43)
EP-born 13 (28)
Wheeze last 12 months, n (%), p value Term-born 17 (38)
EP-born 24 (49)
Asthma med. last 12 months, n (%), p value Term-born 6 (13)
EP-born 10 (20)
Asthma ever, n (%), p value Term-born 9 (20)
EP-born 18 (37)
Current asthma, n (%), p value Term-born 6 (13)
EP-born 13 (27)

- 35/35  (100) o 57/57  (100) -
35/35  (100) 64/88  (73)
- 22 (63) - 27 (47) -
22 (63) 31 (48)
0.04 171 ©) 0.09 177 (10) <0.001
167 ©) 168 (10)
0.73 73 (14) 0.34 73 (14) 0.02
69 (14) 66 (14)
0.42 8 (23) 0.04 = = =
2 (6) 2 (6)
0.13 8 (23) 0.78 20 (40) 0.04
9 (26) 12 (22)
0.27 15 (43) 0.34 7 (13) 0.10
19 (54) 15 (24)
034 4 (13) 0.17 3 ©) 0.25
9 (26) 7 (11
0.06 10 (9) 0.14 5 9 <0.001
16 (46) 2 (35)
0.10 8 (23) 0.29 4 (7 0.31
12 (34) 8 (13)

The listed variables ‘Allergy’, ‘self-reported smoking’, ‘wheeze last 12 months’ and ‘asthma med. last 12 months’ refer to the number (fraction) with a least one positive response
or finding at any visit. ‘Current asthma’ refers to a combination of wheeze in the last 12 months plus a positive response to the questions ‘asthma ever’ or ‘asthma medication
last 12 months’ on minimum one visit. P value refers to comparisons between EP and term-born (Welch's t-test for continuous data and Pearson’s y? test for categorical data).
*At least one visit (all percentage and p values are based only on visits where the subject participated).

tData not presented due to large amount of missing data.

Adult weight, weight at 25 years (or 18 years if not applicable); Asthma med, asthma medication; EP, subjects born extremely preterm or with extremely low birth weight
(gestational age <28 weeks or birth weight <1000 g); Final height, the height achieved at 18 or 25 years, whichever was highest.

Anthropometric measurements and information from
questionnaires

Adult extremely preterm-born attained a lower height than term-
born. Questionnaires revealed no significant differences between
the extremely preterm-born and term-born participants regarding
wheeze, use of asthma medication or current asthma. Significantly
more extremely preterm-born responded ‘yes to the question
‘Have you ever had asthma, although atopy tended to be more
common in term-born. Smoking became less common from the
82-85 to the 91-92 cohort for extremely preterm-born but not
term-born (p<0.001 and p=0.24, respectively). Complete ques-
tionnaire data from each visit are available in online supplemental
table E2 (table 2).

Lung function

For term-born controls, mean z-scores for spirometry variables were
close to zero at most assessments (table 3). Notably, for the next-to
last visit of the 99-00 cohort, mean z-FEV1 was —0.3 and the 95% CI
did not include zero (table 3), thus, development was not completely
stable over time (likelihood ratio test comparing a full model to a
model without age effect for term-born, p=0.005, figure 2).

For extremely preterm-born, mean z-scores for FEV , FEV /
FVC and FEF,_ __, were significantly below zero and below those
of term-born at most assessments, with a few exceptions for the
non-BPD group in the 91-92 and 99-00 cohorts (table 3). The
deficits were largest for the BPD groups in the 82-85 and 91-92
cohorts. Within each of the extremely preterm-born cohorts,
z-FEV| remained stable from childhood to adulthood (likelihood
ratio test comparing a full model to a model without age effect for
extremely preterm-born, p=0.27, figure 2).

Significantly more extremely preterm-born than term-born
had z-scores for FEV, FEV /FVC and FEF, ., below LLN at
minimum one visit (table 4). Notably, 44 (30%) extremely preterm-
born compared with 7 (5%) term-born fulfilled the COPD

spirometry criteria (p<0.001), with respectively 20 and 5 also
reporting wheeze. The fraction below LLN for extremely preterm-
born with vs without BPD were 24 (41%) vs 20 (22%), respectively.

Lung function differences across three decades

Across the three birth cohorts, z-FEV, for extremely preterm-born
increased (likelihood ratio test comparing a model with a cohort effect
for extremely preterm-born to one without a cohort effect, p=0.009),
and approached the term-born in the last cohort. The improvements
occurred in the subgroup without BPD from the 1980s and in the
subgroup with BPD from the 1990s (figure 2). When exploring effects
from neonatal variables, only birth cohort and BW z-score had a
significant impact on z-FEV | at 18 years (p=0.03 and 0.006, respec-
tively), not maternal smoking, GA, BPD status, or the use of surfactant
or antenatal steroids (online supplemental table E3). Current smoking
was not associated with z-FEV | at 18 years (p=0.15 and 0.92 for term
and extremely preterm-born, respectively).

Development of FEV, as percentages of peak expected values
FEV, expressed as percentages of expected adult peak values
revealed parallel trajectories for term- and extremely preterm-born
in the 82-85 and 91-92 cohorts (global test for lack of parallelism
for these two cohorts, p=0.33). In the 99-00 cohort, the trajectories
diverged between the term- and extremely preterm-born (global
test for lack of parallelism for all three cohorts, p=0.03), with term-
born developing marginally better. The two extremely preterm-
born cohorts who had reached 25 years of age did not achieve their
expected peak lung function, mean FEV % of expected adult peak
(95% CI) were 99% (96% to 101%) for term-born; 89% (84% to
94%) and 86% (83% to 90%) for extremely preterm-born in the
91-92 and 82-85 cohorts, respectively (figure 3).

From 25 to 35 years of age (82-85 cohort), FEV, declined for both
term-born and extremely preterm-born. Relative to their expected
peak values, the decline did not differ significantly between the groups
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Figure 2 Estimated mean FEV, z-scores with 95% Cls in three cohorts of extremely preterm-born (born at gestational age <28 weeks or birth
weight < 1000 g) with or without BPD, and individually matched controls. BPD, bronchopulmonary dysplasia; FEV1, forced expiratory volume in 1 s.

(from 98.8% to 95.2% in term-born and 86.3% to 81.0% in extremely
preterm-born, mean absolute difference in decline 1.7%, 95% CI
(=2.2% to 5.7%), p=0.4). FEV % of expected peak values stratified by
BPD status are presented in online supplemental figure E1.

DISCUSSION

This is the first longitudinal population based study to report
lung function trajectories from childhood to the mid-30s for
extremely preterm-born cohorts, including also the incipient age-
related physiological decline. FEV, tracked in parallel, but signi-
ficantly below the trajectories of term-born controls, including a
parallel peak and onset of the age-related decline from 25 to 35
years. Lung function deficits were most pronounced for those born
extremely preterm in the early 1980s, and successively smaller for
each succeeding decade of birth. One in three extremely preterm-
born participants met the spirometry criteria for COPD, although
without prior administration of bronchodilator.

Development of lung function from childhood to 35 years
of age

Population studies underline the importance of intrauterine and
early life events for adult peak lung function,” the starting point for
physiological age-related decline. Even subtle reductions in adult
FEV| are associated with cardiovascular disease, poor respiratory
health, COPD, and overall mortality.** There is increasing aware-
ness that COPD is a heterogeneous condition that originates early

in life.* Until now, lifelong lung function trajectories for extremely
preterm-born have represented uncharted territory, as no longi-
tudinal studies have presented data beyond 25 years of age. This
study highlights that a disturbingly high proportion individuals
born extremely preterm commence their journey towards old
age with FEV | levels significantly below normal, and that child-
hood and adolescent airway obstruction follow stable trajectories
well into adulthood. This is in accordance with most longitudinal
studies of younger extremely preterm-born cohorts,’ '° * although
an Australian study reported deterioration of lung function from 8
to 18 years, most prominent in the BPD subgroup." We observed an
apparent decline in FEV, z-score from 25 to 35 years in our 82-85
BPD subgroup (figure 2), but this was not significant, possibly due
to small sample size.

Extremely preterm-born harbour numerous risk factors known
to be implicated in the development of COPD, such as bronchial
hyper-responsiveness and early life lung infections.® ** As our
spirometries were performed without prior bronchodilator and
the questionnaires were not validated for assessing COPD symp-
toms, we could not classify COPD. Nevertheless, 30% of extremely
preterm-born had FEV /FVC below LLN, and 45% of these also
reported wheeze in the ISAAC questionnaire. It was encouraging
that the onset of the physiological lung function decline from 25
to 35 years did not differ between extremely preterm-born and
term-born, suggesting that further age-related decline may not be
as steep as reported for other high-risk groups.’

Table 4 Spirometry variables below the lower limit of normal at any time

91-92 cohort 99-00 cohort

Cohort 82-85 cohort
Z-FEV, below LLN at any time, n (%), p value Term-born (ref.) 3 (7)
EP no BPD 10 (28)
EP BPD 7 (54)
Z-FVC below LLN at any time, n (%), p value Term-born (ref.) 3 (7)
EP no BPD 8 (22)
EP BPD 2 (15)
Z-FEV,/FVC below LLN at any time, n (%), p value Term-born (ref.) 1 2)
EP no BPD 8 (22
EP BPD 5 (39
Z-FEF, ., below LLN at any time, n (%), p value Term-born (ref.) 2 (4)
EP no BPD 1 (31
EP BPD 7 (54)
Any variable below LLN at any time, n (%), p value Term-born (ref.) 5 (1)
EP no BPD 17 (47)
EP BPD 9 (89

= 3 (9) - 6 (11) -

0.01 4 (7 0.31 7 (23) 0.13
<0.001 6 (50 0.002 8 (24) 0.08
- 0 0 - 4 @ -

0.04 2 ©) 0.08 1 B) 0.46

0.31 1 ) 0.08 4 (12) 0.41
= 5 (14) - 1 0) =

0.004 3 (13) 0.89 9 (29) <0.001
<0.001 9 (75 <0.001 10 (30) <0.001
- 6 (17) - 6 (11) -

0.001 3 (13) 0.67 9 (29) 0.03
<0.001 9 (75 <0.001 12 (36) 0.003
- 7 (20 = 8 (14) =
<0.001 6 (26 0.59 12 39) 0.008
<0001 10  (83) <0.001 15 (45) <0.001

The presented data are the number (fraction) of subjects with at least one value <LLN at least one visit.
P value refers to comparisons between term-born and EP-born groups using Pearson’s % test.

EP, subjects born extremely preterm or with extremely low birth weight (gestational age <28 weeks or birth weight <1000 g); FEF

25-75%"

FVC; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, Lower limit of normal (z-score < —1.645); ref, reference level.

forced expiratory flow at 25-75% of
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Figure 3 Mean measured FEV, as fraction of expected peak FEV,
(with 95% Cls) in three population based cohorts born extremely
preterm (born at gestational age <28 weeks or birth weight <1000
g) during three different decades (blue, green and yellow lines), and
aggregated data for their individually matched term-born controls
(black line), based on mixed-effects longitudinal model. Expected
peak FEV, was calculated for each individual using the GLI reference
equation. FEV,: forced expiratory volume in 1 s; GLI, global lung
function initiative.

Cohort effects associated with improved perinatal care
Neonatal intensive care improved substantially during the
recruitment period, with more extensive use of prenatal steroids,
introduction of surfactant, better respiratory care, and generally
improved perinatal management.! Improvements in care may have
contributed to increased survival for the most immature, but the
long-term effects on morbidity are less obvious,”*? since a greater
number of immature survivors conceivably could lead to poorer
outcomes. The scarce literature on these matters is inconsistent.
Doyle et al assessed three cohorts at 8 years of age born extremely
preterm during 1991-2005, and found the poorest airflow patterns
in the most recent cohort.?® They argued this could be due to
decreased use of postnatal corticosteroids or increased use of
CPAP. We also observed increasing use of CPAP with birth cohort,
however, no decrease in the use of postnatal steroids, which may
have contributed to the differing results. Contrasting Doyle et al
and in line with our findings, a meta-analysis addressing the effect
of preterm birth on FEV, % suggested improvements with year of
birth from 1980 to 19952 One may even read a dose-response
effect into our data-set, as improvements from the 1980s primarily
occurred in those without BPD, presumably with the least trau-
matic neonatal history, whereas improvement from the 1990s also
encompassed the BPD group (figure 2).

Prospects for the future
Advanced NICUs have facilitated survival in high numbers of
immature infants for more than 30 years, paralleled by continu-
ously refined treatment tools.” In our data set, these developments
were paralleled by an apparent diminishing long-term significance
of BPD. Instead, antenatal factors became more evident, reflected
by negative effects from low BW z-scores, findings also reported in
a recent Finnish study.® Preterm birth happens for a reason, and
the pathology that leads to early deliveries are likely implicated in
the causal pathways that lead to subsequent pulmonary disease—
irrespective of optimal postnatal care.

Huge efforts and resources are invested in acute perinatal care of
extremely preterm-born compared with the resources spent on the

long-term respiratory challenges that face adult NICU-graduates,
with little evidence supporting that therapeutic interventions
improve the pulmonary prognosis of BPD after discharge.’ Notably,
premature birth is not listed as a risk factor for COPD in authorita-
tive statements, and data suggest that few pulmonologists inquire
about early life factors.’>** Almost one in three extremely preterm-
born participants met the post-bronchodilator spirometry criteria
for COPD, and their upcoming age-related lung function decline
will inevitably be a concern for adult pulmonologists. Thus, COPD
after preterm birth appears to be a neglected condition, reflected
even by the taxonomy; we still use the neonatal term BPD to label
their adult lung disease—decades after their NICU discharge.

Strengths and limitations

Strengths of this study were enrolment of three population-based
cohorts born in three different decades, the longitudinal approach,
relatively high follow-up rates, and free access to healthcare for all
children in the recruitment area, reducing the risk of socioeco-
nomic bias. Similar growth patterns drawn from multiple visits of
three cohorts born in eras with different treatment opportunities,
support the notion that lung function trajectories in extremely
preterm-born parallel those of term-born. The same and unse-
lected control groups throughout the study period minimised
risks of selection bias. The senior NICU staff and senior members
of the research group were largely the same throughout the study
periods.

The main limitation was a relatively low number of partici-
pants; however, the population-based design ensured unbiased
inclusion. The initial power analysis did not account for strati-
fying data by BPD or comparisons across cohorts, making
subgroup analyses vulnerable to type II errors. GA was assessed
by the last menstrual period during 1982-85 and by early ultra-
sound thereafter. We have previously shown that the different
methods probably did not introduce significant bias.** Our
extremely preterm-born cohorts were relatively mature at birth
when compared with participants of other recent studies, such as
the EPICure.!® This was probably related to our inclusion criteria,
also allowing participation of individuals with BW at or below
1000 g irrespective of GA, resulting in inclusion of more mature
SGA infants. Thus, our outcome data are not directly genera-
lisable to all extremely preterm-born cohorts. Categorising the
long-term lung disease of preterms by their neonatal BPD status
is debated. The definitions of BPD have varied historically and
between institutions, with no specific information on anatomy,
mechanics, inflammation or pathology in the respiratory organs.*
Due to the longitudinal design, we opted to stick with the ISAAC
questionnaire throughout the study, although it is validated for
children, not adults.’® The 99-00 cohort were asked to respond
to the questionnaires electronically at the last study-visit, unfor-
tunately with lower response rates. Participation rates decreased
over time and with more recent birth cohorts, but attrition did
not exceed similar follow-up studies.’® A higher rate of maternal
smoking during pregnancy for those lost to follow-up in the
99-00 cohort may suggest that average outcomes were somewhat
better in the participants. The spirometry results of the control
groups largely confirmed that the GLI equations fitted our popu-
lation, except the next-to-last visit for the youngest cohort where
95% CI for mean z-FEV, did not include zero. We have no clear
explanation for this finding. This finding was most likely not
attributable to the upgrading of spirometry equipment, as it did
not apply to all control-cohorts. We therefore consider the risk
of bias due to upgrading of equipment to be small, as laboratory
standards were otherwise unchanged during the complete course
of the study, and as spirometry is a robust technique.

CONCLUSION

This is the first longitudinal study to describe lung function trajecto-
ries from childhood and well into adulthood for population-based
cohorts of extremely preterm-born survivors. Spirometry varia-
bles tracked in parallel, but significantly below the trajectories of
matched term-born controls, including a parallel peak and onset of
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the age-related decline from 25 to 35 years. On average, lung func-
tion deficits were most pronounced for participants born extremely
preterm in the early 1980s, and successively smaller for each decade
of birth. Irrespective of birth decade, almost one in three had
spirometry values that met the spirometry criteria for COPD.
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0 fardo global e regional da doenca pulmonar intersti-
cial e da sarcoidose pulmonar entre 1990 e 2019: resul-
tados do estudo Global Burden of Disease 2019

Xiaogian Ma ,"#3Lili Zhu,"* Jonathan S Kurche,* Huijuan Xiao ,%> Huaping Dai,? Chen Wang'%>®

RESUMO

Contexto A doenca pulmonar intersticial (ILD) e a sar-
coidose pulmonar sdo doencas respiratérias comuns com
uma distribuicdo heterogénea em todo o mundo. O fardo
global e as tendéncias temporais da DPI e da sarcoidose
sao raramente exploradas.

Métodos Utilizando a classificagao “ILD e sarcoidose pul-
monar” do conjunto de dados Global Burden of Disease
2019, descrevemos as taxas normalizadas por idade da
incidéncia, mortalidade, anos-vida ajustados a incapa-
cidade (DALY) e a sua variacao percentual anual média
entre 1990 e 2019 por sexo, Indice Sociodemogréfico
(SDI) e regido.

Resultados Em 2019, a incidéncia global e mortalidade
da ILD e da sarcoidose pulmonar foi de 24,2 milhdes e
de 169 833 casos, respetivamente. Entre 1990 e 2019,
a incidéncia global, as mortes e os DALY devido a ILD
e sarcoidose pulmonar aumentaram 118,6%, 166,63%
e 122,87%, respetivamente. A incidéncia global de ILD
e sarcoidose pulmonar foi mais elevada nos homens e
concentrou-se principalmente entre pessoas com idades
entre os 70-79 anos de ambos os sexos. Foram observa-
das diferencas regionais significativas no fardo da ILD e
da sarcoidose pulmonar: desde 2006, as regides com SDI
elevado apresentaram taxas de incidéncia normalizadas
por idade mais elevadas, mas taxas de mortalidade nor-
malizadas por idade mais reduzidas em comparacdo com
as regides com um SDI reduzido.

Conclusdes O nosso estudo sugere que a incidéncia, a
mortalidade e os DALY da ILD e da sarcoidose pulmonar
estao a aumentar a nivel global. De modo a reduzir o fardo
existente desta condicdo, sdo vitais o diagndstico precoce
e 0 tratamento e devem ser estabelecidas estratégias mais
direcionadas e especificas em regides de fardo elevado.
As diferencas na incidéncia e mortalidade entre regides
podem refletir a influéncia de fatores genéticos, ambientais,
de diagndstico, farmacoterapéuticos e do sistema de satde

INTRODUCTION
Interstitial lung disease (ILD) is a group of more
than 200 heterogeneous pulmonary disorders and
can be categorised into four subgroups, including
ILD of known cause, idiopathic interstitial pneu-
monia (IIP), granulomatous ILD and other forms
of ILD.! * Pulmonary sarcoidosis belongs to the
granulomatous ILD group. Accurate diagnosis of
ILD is challenging and requires a multidisciplinary
approach.’* Treatment options for ILD are limited,
and the prognosis after diagnosis is poor.>® For
example, idiopathic pulmonary fibrosis (IPF) is
the most common type of IIP?7 and historically,
the median survival of untreated patients with IPF
after diagnosis was 2-3 years. While recent studies
show significantly higher survival after antifibrotic
treatment,®® pirfenidone and nintedanib have only
been demonstrated to slow down the decline of
pulmonary function in IPE and treatment is not
curative.'”'? Lung transplantation remains the
only treatment option to improve survival and
quality of life for many of these patients."?
National-level studies suggest the disease
burden and outcome vary among different regions

What is the key question?

» How do the global incidence, mortality
and disability-adjusted life-years (DALYs)
of interstitial lung disease (ILD) and pul-
monary sarcoidosis change over time?

What is the bottom line?

» Incidence, mortality and DALYs of ILD
and pulmonary sarcoidosis’ have increa-
sed in recent decades, particularly among
the ageing population; ILD and pulmo-
nary sarcoidosis require more accurate
diagnosis and early treatments to inter-
vene and improve the life span of affected
patients.

Why read on?

» This study used the most comprehensive and
timely data from Global Burden of Disease
2019, and systematically analysed the tem-
poral and geographical trends of incidence,
deaths and DALYs for ILD and pulmonary
sarcoidosis. This in-depth analysis helps
global medical professionals and healthcare
researchers better understand the burden
of ILD and pulmonary sarcoidosis in their
regions.

and different types of ILD. For example, data from
US National Vital Statistics System'* demonstrated
the age-standardised death rate (ASDR) related
to IPF increased from 18.81 per 100000 persons
in 2000 to 20.66 in 2017; similarly, in the UK, the
ASDR of IPF increased substantially from 1.66
per 100000 individuals in 1979 to 8.29 in 2016."
Northern Europeans and African-Americans are
the two ethnic groups consistently reported to be
most affected by sarcoidosis.'® In the USA, the prev-
alence of sarcoidosis per 100000 has been reported
as 141 amongAfrican-Americans and 49.8 among
Caucasians,” '® whereas in Sweden, the prevalence
of sarcoidosis was reported to be 160 cases per
100000 people.”

To date, however, few studies have reported
comprehensive data on ILD incidence, mortality
and disability-adjusted lifeyears (DALYs) trends
at a global level. Among them, the global burden
of ILD has been described in publications on
chronic respiratory disease (CRD) based on the
Global Burden of Disease (GBD) 2017 dataset.
These studies suggested an increasing mortality
rate due to ILD.??' The newly released GBD 2019
dataset (released on 15 October 2020) not only
included nine more countries and territories than
the GBD 2017 dataset but also has improved esti-
mates of disease burden based on more recent vital
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statistics tables, improved case definitions and improved access to
country-level information through collaborations with the WHO.
An updated analysis of ILD and pulmonary sarcoidosis based on
the newly released GBD 2019 dataset, however, is lacking. In this
article, we shed light on the temporal and geographical trends of
incidence, deaths and DALY of the CRD subtype ‘ILD and pulmo-
nary sarcoidosis’ by sex, region and regional Sociodemographic
Index (SDI) globally from 1990 to 2019 using data from the GBD
2019 study.

MATERIAL AND METHODS

Data source

The GBD 2019 study, conducted by the Institute of Health Metrics
and Evaluation, involved 21 geographical regions composed of 204
countries and territories from 1990 to 2019. The original input
data for ILD and pulmonary sarcoidosis, as well as the modelling
strategy for death and non-fatal outcomes, were described in detail
previously*> and can be accessed through the Global Health Data
Exchange (GHDx) online data source (http://ghdx.healthdata.org/
gbd-2019/data-input-sources). Nonfatal and death data sources for
various countries are detailed in online supplemental tables 1 and
2 and supplemental figure 1. Data sources for the disease burden
of ILD and pulmonary sarcoidosis were obtained from the GHDx
online data source query tool according to instructions on the
website. We extracted the annual case data and age-standardised
rates (ASRs) of the incidence, mortality and DALYs of ILD and
pulmonary sarcoidosis from 1990 to 2019 according to sex, geo-
graphical region, country and territory. The 204 countries and ter-
ritories were divided into five categories based on the SDI in 2019:
high, high-middle, middle, low-middle and low-SDI regions. SDI
is a composite indicator of a country’s lag-distributed income per
capita, average years of schooling and the fertility rate in women
under the age of 25 years; it ranges from 0 (less developed) to 1
(most developed).” We also analysed the global trends in ILD and
pulmonary sarcoidosis according to the following GBD age cate-
gories: 0-9, 10-24, 25-49, 50-75 and 275 years. Access to and use of
GHDx data did not require informed patient consent.

Case definition

ILD and pulmonary sarcoidosis are a composite of chronic respira-
tory diseases that impair lung function and oxygen uptake through
scarring and/or inflammation. The International Classification of
Diseases (ICD), 10th revision codes included under this heading
are D86-D86.2, D86.9 and J84-J84.9 (box 1), and the ICD, ninth
revision codes are 135-135.9, 515 and 515.9-516.9. Notably, the
category of ILD and pulmonary sarcoidosis here did not include
lung diseases due to external agents, drug-induced interstitial lung
disorders, or ILDs due to systemic or rheumatological disease.

Statistical analyses

The standardised approach for estimating the sex-specific and
age-specific incidence, mortality and DALYs from the GBD 2019
dataset has been previously described.?>** > Briefly, the cause of
death ensemble model, spatiotemporal Gaussian process regres-
sion and a Bayesian metaregression modelling tool, DisMod-MR
V.2.1, were used to ensure consistency between incidence, excess
mortality and cause-specific mortality. To evaluate the trends
in incidence, mortality and DALYs of ILD and pulmonary
sarcoidosis, we extracted the ASRs for incidence and mortality per
region and calculated their change over time. The ASR, available in
the GHDx, was considered as the objective index for quantifying
trends of disease. Trends in ASRs are determined first by calcu-
lating the annual per cent change (APC), which is the slope of the
sampled ASRs for a given location across an interval, followed by
calculating the average annual percentage change (AAPC), which
is a weighted average of the APCs.” The APCs and AAPCs were
calculated by the Joinpoint Regression program, V.4.8.0.1.

Pearson correlation analysis was used to measure the strength
and direction of the association between covariates. Derivative
analysis and plots were completed using R program V.3.6.3, with p
values of <0.05 considered significant.

Doenca pulmonar intersticial

Box 1 International Classification of diseases-10

codes of diseases included in the current study

D86 sarcoidosis

P D86.0 Sarcoidosis of lung.

P D86.1 Sarcoidosis of lymph nodes.

P D86.2 Sarcoidosis of lung with sarcoidosis of lymph
nodes.

P D86.9 Sarcoidosis, unspecified.

)84 other interstitial pulmonary diseases

P Excludes 1: drug-induced interstitial lung disorders
(J70.2-J70.4).

P Interstitial emphysema (J98.2).

P Excludes 2: lung diseases due to external agents (J60-]70).

]84.0 Alveolar and parietoalveolar conditions

J84.1 other interstitial pulmonary diseases with fibrosis

P Excludes 1: pulmonary fibrosis (chronic) due to inhala-
tion of chemicals, gases, fumes or vapours (J68.4).
Pulmonary fibrosis (chronic) following radiation (J70.1).

J84.2 lymphoid interstitial pneumonia
P Lymphoid interstitial pneumonitis.

]84.8 other specified interstitial pulmonary diseases
P Excludes 1: exogenous lipoid pneumonia (J69.1).
Unspecified lipoid pneumonia (J69.1).

)84.9 Interstitial pulmonary disease, unspecified
P Interstitial pneumonia -not otherwise specified.

RESULTS

Global burden of Ild and pulmonary sarcoidosis

Globally, 24232080 incident cases (95% uncertainty interval (UI) 19
609 750-29 463 387) and 169833 (95% UT 118 756-204 802) deaths
due to ILD and pulmonary sarcoidosis occurred in 2019 (table 1 and
online supplemental table 3), which accounted for 31.2% of the total
incidence and 4.3% of the total deaths among all chronic respiratory
diseases (online supplemental figure 2). Among the 21 geographical
regions, South Asia had the highest incident case number (7 349 426)
of ILD and pulmonary sarcoidosis in 2019, while Oceania had the
lowest (34 323). Worldwide, more ILD and pulmonary sarcoidosis
cases in 2019 were observed in India, China and the USA (online
supplemental table 4). The highest age-standardised incidence rate
(ASIR) in 2019 occurred in Peru (779.16, 95% UI 595.7-958.27 per
100000 individuals), which was followed by the USA (747.41, 95%
UI 613.16-905.73 per 100000 individuals; figure 1A and online
supplemental table 5). According to geographical regions, North
America had the highest ASIR (720.9, 95% UI 591.85-872.44 per
100000 individuals) in 2019, whereas Western Europe had the
lowest ASIR (37.26,95% UI 30.5-45.46 per 100000 individuals). The
highest ASDR (9.73,95% UI 6.72-12.47 per 100000 individuals) and
ASR of DALYs (168.85, 95% UI 122.93-212.42 per 100000 indivi-
duals) were observed in Andean Latin America, and the lowest
ASDR (0.33,95% UI 0.26-0.49 per 100000 individuals) and ASR of
DALYs (12.43; 95% UI10.03-16.67 per 100000 individuals) were
documented in Eastern Europe (online supplemental tables 3 and
6 and online supplemental figures 3 and 4). Among the five SDI
quintiles, the high-SDI regions had the most incident cases (5 938
102) of ILD and pulmonary sarcoidosis in 2019, and the low-SDI
regions had the lowest incident case number (1 790 724). Notably,
the low-middle SDI regions had not only the highest ASIR (375.14
per 100000 individuals) but also the highest ASDR (3.75, 95% UI
2.51-5.15 per 100000 individuals) and ASR of DALY's (78.56,95% Ul
54.31-107.04 per 100000 individuals) in 2019. However, the high—
middle SDI regions had the lowest ASIR (225.93, 95% UI 182.2-
275.46 per 100000 individuals), ASDR (1.14, 95% UI 0.81-1.34 per
100000 individuals) and ASR of DALYs (26, 95% UI 20.53-30.04
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Table 1

Incident cases and ASIRs of ILD and pulmonary sarcoidosis among regions in 1990 and 2019 and temporal trends from 1990 to 2019

1990

2019

1990-2019

Incident cases,

Aslr per 100 000,

Incident cases,

Aslr per 100 000,

Change in inciden-

Characteristic nx10% (95% ul) n (95% ul) nx10%(95% ul) n (95% ul) ce number, n (%)  AAPC, n (95%Cl)
Overall
Sex 11 085.07 (8941.89-13  258.12 (206.97-317.1) 24 232.08 (19 609.75-29  294.41 (238.46-356.61) 118.6 0.47 (0.4 t0 0.55)
600.03) 463.39)
Male 5457.31 (4410.98- 267.77 (215.02-327.1) 11 932.37 (9628.22-14  304.91 (246.47-368.41) 118.65 0.49 (0.37 to 0.61)
6652.15) 464.32)
Female 5627.76 (4530.43- 252.13 (202.72-311.48) 12 299.71 (9911.07-15 287.17 (232.29-350.12)  118.55 0.47 (0.42 t0 0.52)
6922.09) 038.09)
SDI
High 2715.51 (2165.31- 275.16 (220.14-341.96)  5938.1 (4739.16-7303.99) 358.45 (293.09-437.55) 118.67 0.96 (0.65 to 1.27)
3359.74)
High—-middle 2478.75 (1997.86- 220.33 (177.93-270.06)  4379.07 (3494.56- 225.93 (182.2-275.46)  76.66 0.09 (0.04 to 0.15)
3045.35) 5390.95)
Middle 2555.65 (2063.93- 216.19(173.36-265.08)  6276.72 (5005.6-7674.76) 246.55 (198.86-299.64) 145.6 0.47 (0.32 t0 0.62)
3119.95)
Low-middle 2516.08 (2031.01- 367.22 (292.45-447.07)  5437.88 (4381.26- 375.14 (302.44-452.56) 116.13 0.09 (0.05 to 0.13)
3060.35) 6587.09)
Low 816 (671.3-971.79) 275.13 (222.51-332.08)  1790.72 (1470.4-2127.33) 277.21 (225.9-331.61)  119.45 0.07 (0.02 t0 0.12)
Region
Andean Latin 100.69 (82.78-118.87)  469.63 (377.83-559.81)  385.45 (301.74-464.03)  687.2 (533.52-831.6) 282.82 1.33(1.27 10 1.39)
America
Australasia 64.47 (51.7-78.85) 279.04 (225.56-339.97)  151.8 (116.88-188.16) 331.9 (260.05-406.6) 135.45 0.6 (0.42 t0 0.78)
Caribbean 39.6 (32.52-47.42) 140.01 (114.49-169.04)  87.54 (72.04-104.76) 171.3 (141.45-204.12)  121.06 0.71 (0.66 to 0.76)
Central Asia 143.47 (118.67-170.78)  276.29 (226.29-329.28)  223.69 (182.82-269.11)  264.4 (219.43-313.7) 55.92 —0.15 (-0.22 to —0.08)
Central Europe 506.68 (412.15-615.97) 356.74 (291.41-431.82)  666.36 (547.25-797.47)  390.32 (321.96-465.23) 31.51 0.35(0.19 t0 0.51)
Central Latin America 302.31 (246.71-365.26) 319.76 (258.22-388.68)  825.57 (674.57-992.2) 346.2 (282.08-415.45)  173.09 0.27 (0.24 t0 0.3)
Central sub-Saharan  59.66 (50.51-70.58) 183.13 (152.76-215.55)  4147.24 (3206.6-5286.12) 207.33 (172.66-243.73) 168.78 0.43 (0.4 t0 0.47)
Africa
East Asia 1658.89 (1308.13- 170.75 (133.49-216.49)  788.97 (624.57-995.41)  197.76 (154.5-248.13) 150 0.52 (0.48 to 0.56)
2107.99)
Eastern Europe 873.01 (699.72-1075.48) 330.18 (266.72-404.86)  427.41 (359.39-513.11)  286.03 (230.06-359.39) -9.63 -0.48 (-0.58 to —0.38)
Eastern sub-Saharan 173.95 (146.54-207.19) 152.81 (126.12-181.62)  989.57 (749.28-1260.53) 169.4 (139.16-201.59)  145.71 0.37 (0.31 t0 0.42)
Africa
High-income Asia 543.26 (422.55-689.14)  272.29 (213.53-343.64)  4096.08 (3309.71- 260.19 (204.6-326.05)  82.16 —-0.18 (-0.33 to —0.03)
Pacific 5045.98)
High-income North ~ 1833.1 (1453.69- 557.22 (443.25-698.38)  1606.02 (1316.89-1936.7) 720.9 (591.85-872.44)  123.45 0.95 (0.76 to 1.14)
America 2280.51)
North Africa and 522.23 (438.98-620.84) 227.42 (187.56-270.29)  34.32 (28.77-42.18) 311.3(255.19-369.71)  207.53 1.1(1.05t0 1.16)
Middle East
Oceania 12.98 (10.92-15.57) 302.61 (250.5-364.97) 7349.43 (5905.51- 353.11 (294.59-432.73)  164.35 0.54 (0.52-0.56)
8892.48)
South Asia 3150.83 (2521.09- 490.86 (391.15-597.17)  750.43 (590.46-924.4) 493.6 (396.1-598.49) 133.25 0.02 (0 to 0.04)
3856.37)
Southeast Asia 281.25 (226.41-339.99)  94.32 (75.82-114.93) 181.7 (142.39-226.24) 116.83 (93.16-142.16)  166.82 0.74 (0.72 t0 0.77)
Southern Latin 91.79 (72.87-112.78) 194.65 (154.88-240.11)  235.75(191.99-282.95)  226.77 (179.78-280.63) 97.95 0.51 (0.41 to 0.62)
America
Southern sub- 132.37 (108.19-156.99)  397.13 (321.49-478.77)  363.56 (291.66-439.84)  364.8 (295.02-438.42)  78.1 —0.28 (-0.31 to —0.24)
Saharan Africa
Tropical Latin 234.21 (189.29-287.66) 219.69 (176.232270.13)  260.68 (208.9-321.88) 150.64 (121.51-181.32)  55.23 -1.29 (-1.43 to -1.16)
America
Western Europe 151.23 (122.16-185.55)  30.83 (25.01[138) 500.17 (416.77-605.44)  37.26 (30.5-45.46) 7237 0.69 (0.61 to 0.77)
Western sub-Saharan 209.1 (175.0w7-249.79) 164.61 (134.74[@197.85) 162.94 (133.41-198.4)  139.21 0.01 (-0.11 t0 0.13)

Africa

AAPC, average annual percentage change; ASIR, age-standardised incidence rate; ILD, interstitial lung disease; SDI, Sociodemographic Index; Ul, uncertainty interval.
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(A ASIR (per 100,000 Individuals)

per 100000 individuals). As for the age and
sex compositions of ILD and pulmonary
sarcoidosis, men had higher ASIR,ASDR and
ASR of DALYs than women in 2019 (table 1
and online supplemental tables 3 and 6), and
the incidence rate was mainly concentrated
in people aged 70-79 years in both women
and men (figure 2A).

Change in the incidence of Ild and pul-
monary sarcoidosis

From 1990 to 2019, the incidence of ILD and
pulmonary sarcoidosis increased by 118.6%
globally, and the ASIR increased from 258.12
to 294.41 per 100000 individuals. The AAPC
of ASIR (0.47, 95%CI 0.4 to 0.55) likewise
increased during those 30 years. Among 21
geographical regions, Andean Latin America
not only had the most significant increase in
case numbers (relative change 282.82%) but
also had the highest AAPC of ASIR (1.33,
95%CI 1.27 to 1.39), while Eastern Europe
&) Relative change(%) had the largest drop in incident cases (rela-
tive change -9.63%). The lowest AAPC of
ASIR occurred in Tropical Latin America
(-1.29, 95%CI —1.43 to —1.16; table 1). Among
204 countries and territories, the Eastern
European country Ukraine had the lar-
gest decline in the number of cases (relative
change -46.83%) and the lowest AAPC of
ASIR (-1.76,95%CI -1.83 to —1.7). Ecuador
(2.19,95%CI 2.08 to 2.3), UK (1.85,95%CI 1.7
to 2.01) and Equatorial Guinea (1.78, 95%CI
1.72 to 1.83) were the three countries with the
highest AAPC of ASIR (figure 1B,C and online
supplemental table 7).

Globally, the ASIR of ILD and pulmonary
sarcoidosis had two periods of rapid growth:
2005-2010 (APC=2.85,p<0.05) and 2014-2017
(APC=1.43, p<0.05). However, this growth
trend has been in decline since 2017 (figure 3A
and online supplemental figure 5). The ASIR
of ILD and pulmonary sarcoidosis increased
dramatically in high-SDI regions from 2006
to 2009, with an APC of 12.07 for this period
(p<0.05), making it the region with the highest
incidence since then. Most of the time between
1990 and 2019, low-middle SDI regions had
higher ASIR, while middle and high-middle
SDI regions had lower ASIR (figure 3A and
online supplemental figure 4). From 1990 to
2019, ASIR was positively associated with SDI
in most geographical regions except Western
sub-Saharan Africa and Eastern Europe (figure
4). According to Pearson correlation analysis,
the AAPC of ASIR weakly positively correlated
with the SDI in 2019 (R=0.16, 95%CI 0.02 to
0.29, p<0.05; figure 5A).

From 1990 to 2019, the AAPC of ASIR of ILD
and pulmonary sarcoidosis among men and
women had a similar trend, 0.47 and 0.49, respec-
tively. The ASIR of men was always higher than
that of women (figure 6A and online supplemen-
tal figure 5). The AAPCs of ASIR among the age

] _‘1-3 o ) 2-_2 . groups under 75 years old varied from 0.25 to
Figure 1  Global incidence of ILD and pulmonary sarcoidosis in 204 countries and territories. (A) 0.42, while the AAPC of people over 75 was 1.35
ASIRs (per 100 000 individuals) of ILD and pulmonary sarcoidosis in 2019. (B) Relative changes (p<0.05). Hence, the most pronounced increase
in incident cases of ILD and pulmonary sarcoidosis between 1990 and 2019. (C) AAPCs of ILD in incidence was found in people over 75 years
ASIRs from 1990 to 2019. Countries with an extreme value for the case number or change were old, especially those aged 80-94 (figure 2B and
annotated. AAPC, average annual percentage change; ASIR, age-standardised incidence rate; ASR, online supplemental figure 6 and supplemental
age-standardised rate; ILD, interstitial lung disease. table 8).
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Incidence rate of ILD and pulmonary sarcoidosis by sex and age groups in 1990 and 2019 and temporal trends from 1990 to 2019. (A)

Incidence rate (per 100 000 individuals) of ILD and pulmonary sarcoidosis by sex and 20 age groups in 1990 and 2019. (B) Incidence rate (per 100 000
individuals) of ILD and pulmonary sarcoidosis by sex and five age groups from 1990 to 2019. ILD, interstitial lung disease.

Change in lld and pulmonary sarcoidosis mortality and dAlYs
Worldwide, from 1990 to 2019, the number of ILD and pulmonary sar-
coidosis deaths increased by 166.63%, with an AAPC of ASDR of 0.78
(95% CI 0.72 to 0.84). Concordantly, the DALY increased by 122.87%,
with an AAPC of DALY of 0.41 (95% CI 0.35 to 0.41, online supple-
mental tables 3 and 6). Greece had the highest AAPC of ASDR as well
as AAPC of DALYs (online supplemental table 7 and online supple-
mental figures 3 and 4). Both men and women demonstrated a slowly
increasing trend in ASDR and ASR of DALYs; however, men always
had higher ASDR and ASR of DALY from 1990 to 2019 (figure 6B,C).

Among the five SDI quintiles, low-middle SDI regions had the
highest ASDR and ASR of DALY of the past 30 years, and high-mid-
dle SDI regions had the lowest ASDR and ASR of DALY (figure 3B,C).
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The ASDR and ASR of DALY were positively associated with the SDI
value in high-SDI regions, but not in the low and middle SDI regions.
The ASDR and ASR of DALY in Andean Latin America increased dra-
matically between 1996 and 2013, then dropped sharply between 2013
and 2019 (online supplemental figures 8 and 9). Worldwide, the AAPC
of ASDR positively correlated with the SDI in 2019 (R=0.39, 95%CI
0.26 to 0.5, p<0.001; figure 5B). The AAPC of DALY’ was positively
correlated with the SDI in 2019 (R=0.37, 95%CI 0.24 to 0.48, p<0.001;
figure 5C).

DISCUSSION
In this work, we summarised the incidence, mortality and DALYs
of ILD and pulmonary sarcoidosis in 204 countries and territo-

Figure 3  ASR of ILD and pulmonary sarcoidosis by SDI regions from 1990 to 2019. (A) Incidence, (B) death and (C) DALYs. ASDR, age-standardised
death rate; ASIR, age-standardised incidence rate; ASR, age-standardised rate; DALYs, disability-adjusted life-years; ILD, interstitial lung disease; SDI,
Sociodemographic Index.ASIR, age-standardised incidence rate; ASR, age-standardised rate; ILD, interstitial lung disease.
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ries from 1990 to 2019 using data from the latest GBD 2019 data
release. The results of this work help characterise trends in ILD
and pulmonary sarcoidosis.

The current study characterises trends for incidence, mortality
and DALYs of ILD and pulmonary sarcoidosis. In particular, as
shown in online supplemental figure 2, among all chronic respira-
tory diseases captured by GBD, ILD and pulmonary sarcoidosis
had the second-highest incidence rate, following asthma and the
third-highest mortality rate, following COPD and asthma.

There are several potential reasons for the observed increases in
ILD and pulmonary sarcoidosis globally. First, IPF, the dominant
subtype of the IIPs, is an age-related disease, and ageing of the
global population could be a key contributor to increases in the
ILD and pulmonary sarcoidosis diagnostic group. The 2019 World
Population Ageing Report showed that the share of the global
population aged 65 years or over increased from 6% in 1990 to
9% in 2019; the number of persons aged 80 years or older nearly
tripled between 1990 and 2019. In our study, the increase in ILD
and pulmonary sarcoidosis incidence was mainly concentrated
in people over 75 years old, and the peak onset age of ILD has
moved up by 5 years since 1990. The global proportion of people
over 65 years old is projected to rise further to 16% in 2050, so
it is very likely that the burden of ILD will continue to increase
in the future. Second, besides ageing, environmental factors such
as air pollution, occupational exposures and smoking may also
contribute to the increased incidence of ILD and pulmonary sar-
coidosis.”?® The AAPCs of ASIR among the age groups under 75
years old varied from 0.25 to 0.42. This indicates the incidence of
ILD and pulmonary sarcoidosis was also significant in younger
populations, presumably due to various environmental factors.
Third, evolving diagnostic guidelines for ILD in recent decades
have impacted the classification of these diseases and therefore
their epidemiological profile. For example, in 2002, the American
Thoracic Society/European Respiratory Society (ATS/ERS) pub-
lished the first international diagnostic criteria and classification
of IIP; the historical ‘gold standard’ of histological diagnosis was
replaced by a ‘dynamic integrated approach’ using multidisci-
plinary discussion.? In 2013, the ATS/ERS IIP classification was
updated, and several specific diagnostic criteria were revised in
this version.’ Consistently, our results indicate the global ASIR of
ILD and pulmonary sarcoidosis had two periods of rapid growth
after each version of ATS/ERS IIP classifications were published:
2005-2010 (AAPC=2.85) and 2014-2017 (AAPC=1.43). In addi-
tion, the high-SDI regions had an even greater increase of ASIR
from 2006 to 2009 (AAPC=12.07). We can infer that the publica-

Doenca pulmonar intersticial

tion and dissemination of IIP classification and diagnostic criteria
improved the global recognition of ILD, especially in high-SDI
regions. Last but not least, the improvement of diagnostic ability
through wider availability of CT scans and specialist radiology
training may also have contributed to the increasing trends seen
in ILD and pulmonary sarcoidosis incidence.

In this study, we also found that incidence and mortality of
ILD and pulmonary sarcoidosis could be inversely correlated in
certain regions. For example, since 2006, high-SDI regions had
higher ASIR but lower ASDR compared with the low-SDI regions.
In particular, in 2019, high-income North America had the high-
est ASIR, whereas Andean Latin America, South Asia and South
Latin America were in the top three of ASDR and ASR of DALYs.
This is likely due to the fact that people living in more developed
areas have better access to high-quality medical care leading to
early diagnosis and timely treatments;** it remains unknown
whether differences in calculated mortality rates reflect earlier
detection or the benefits of early treatment. Nevertheless, these
observations support the importance of early referral and therapy
to improve outcomes for patients with ILD and pulmonary sar-
coidosis.*

We compared our results with other important studies. One
previous study published in European Respiratory Journal (ER])
systematically reviewed the global incidence and mortality of IPF,
using data from 21 countries from 1968 to 2012.%® They found the
incidence of IPF was higher in Europe and North America and
lower in East Asia and South America. In our study, among the
21 geographical regions, we also found North America had the
highest ASIR of ILD and pulmonary sarcoidosis in 2019, consis-
tent with the ERJ study. However, the lowest ASIR occurred in
Western Europe, which differs from the ER] study. We think such
discrepancy may be due to a broader sampling of countries and a
greater range of source data included in GBD 2019, differences in
adjustment methods for demographics among countries between
those two studies, and the use of the composite diagnosis of ILD
and pulmonary sarcoidosis in the current study in contrast to the
ER]J study focusing only on IPF. In addition, within our study;,
both North America and Western Europe are high-SDI regions
with similar healthcare resources; their great disparity in ILD
incidence may be caused by differences in health service systems
and reporting requirements for various disease entities.

Despite providing comprehensive estimates of incidence, mor-
tality and DALYs of ILD and pulmonary sarcoidosis by age, sex,
SDI and region for the period of 1990-2019, this study should be
interpreted with caution, as our analyses have some inevitable
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Figure 4 ASIRs of ILD and pulmonary sarcoidosis per 100 000 individuals among regions based on the SDI of each year. ASIR, age-standardised

incidence rate; ILD, interstitial lung disease; SDI, Sociodemographic Index.
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limitations. First, our study is limited by the availability of pri-
mary data. Where data are not available, the results depend on
the effectiveness of the out-of-sample prediction and imputation
methods employed by GBD. When data are available, they rely
heavily on ICD coding and may not be well adjudicated or may
not meet preferred case definitions. Nonetheless, the clearer iden-
tification of the preferred and alternative measurement methods
for each result, as well as the deviation mapping from alterna-
tive methods to reference methods, have led to better stability in
GBD 2019 data adjustments than those used in prior releases.?
Second, despite improvements, the GBD 2019 data used for the
current analysis may still underestimate the total ILD disease bur-
den. In the GBD 2019 data, the category of ILD and pulmonary
sarcoidosis excluded ICD-10 and ICD-9 codes associated with
extrinsic causes of ILD, drug-induced ILD and ILD due to sys-
temic (rheumatological) disease. For example, pneumoconiosis,
a disease often considered as an occupational ILD, was treated
separately from the ILD and pulmonary sarcoidosis in the GBD
2019 study. Hypersensitivity pneumonitis and connective tissue
disease-associated are also very common types of ILD which were
excluded.” In future GBD reports, those important subtypes of
ILD should be included to truly reflect the disease burden of
ILD. Lastly, ILD is an area where case definition and origin of
source data are challenging and may differ between countries; the

intrinsic heterogeneity of the classification of ILD and pulmo-
nary sarcoidosis complicates the interpretation of these results.
Pulmonary sarcoidosis, in particular, is a cryptogenic, immuno-
suppressant-responsive disease whose incidence varies widely.
Whereas pulmonary sarcoidosis accounts for a large proportion
of total ILD in European countries,? it accounts for very little of
ILD in East Asia.” In the next cycle of the GBD study, a broader
and detailed classification of ILD will help us better understand
its disease burden.

Regardless of the aforementioned limitations, our results
revealed clear global trends of increased disease burden of ILD
and pulmonary sarcoidosis, perhaps underscoring the importance
of demographic trends in driving disease burden. Our study also
demonstrated a strong relationship between two periods of rapid
growth of incidence of ILD and pulmonary sarcoidosis and publi-
cation of ATS/ERS IIP classifications, suggesting the relevance of
case definitions for recognition of disease. Moreover, our results
also uncovered higher ASIR and lower ASDR of ILD and pulmo-
nary sarcoidosis in high-SDI regions, supporting the notion that
more developed regions of the world may benefit from early diag-
nosis and better treatments. This observation emphasises the need
to improve access to care in less developed countries for patients
with ILD and pulmonary sarcoidosis. To the authors’ knowledge,
the current study is the most comprehensive and timely report of
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and (C) DALYs. ASR, age-standardised rate; ASDR, age-standardizedstandardised death rate; ASIR, Ag age-standardised incidence rate; ILD, interstitial

lung disease.

the global disease burden of ILD and pulmonary sarcoidosis yet
published, providing a solid foundation for improved outcomes
research and management of the disease in the future.

CONCLUSIONS

Data from this study suggest that the burden of ILD and pulmo-
nary sarcoidosis is increasing with the ageing of the world popula-
tion. We note considerable heterogeneity in the epidemiology of
ILD and pulmonary sarcoidosis across countries and territories,
SDI, sex and age. Our findings help policy-makers and medical
professionals understand the burden of ILD and pulmonary sar-
coidosis in their regions and suggest areas for future research, in-
cluding the relationship between high incidence and low mortality
of ILD and pulmonary sarcoidosis in high-SDI countries.
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Vaping de nicotina passivo em casa e sintomas res-
piratorios em jovens adultos

Talat Islam ," Jessica Braymiller," Sandrah P Eckel," Feifei Liu," Alayna P Tackett," Meghan E Rebuli,2

Jessica Barrington-Trimis," Rob McConnell’

RESUMO

Motivo Apesar da elevada prevaléncia do uso de cigar-
ros eletrénicos (vaping), pouco se sabe atualmente sobre
0s efeitos para a salide da exposicao ao vaping de nico-
tina passivo.

Objetivo Investigar se a exposicdo ao vaping de nicotina
passivo esta associada a efeitos adversos na saude respi-
ratoria entre jovens adultos.

Método Investigamos o efeito da exposicao ao vaping
de nicotina passivo na pieira, sintomas bronquicos e falta
de ar reportados anualmente na coorte prospetiva do
Southern California Children Health Studly. Foram reco-
lhidos dados dos participantes no estudo (n=2097) atra-
vés de inquéritos anuais consecutivos entre 2014 (idade
média: 17,3 anos) e 2019 (idade média: 21,9 anos).
Utilizamos uma regressao logistica de efeitos mistos para
avaliar a associacdo entre o vaping de nicotina passivo
e 05 sintomas respiratorios ap6s controlo para confundi-
dores relevantes.

Resultados A prevaléncia de vaping de nicotina passivo
aumentou de 11,7% para 15,6% durante o periodo do
estudo nesta populacdo. A prevaléncia de pieira, sintomas
brénquicos e falta de ar variou entre 12,3% e 14,9%,
entre 19,4% e 26,0% e entre 16,5% e 18,1%, respeti-
vamente, durante o periodo do estudo. Foram observadas
associacdes entre a exposicao ao vaping de nicotina pas-
sivo e os sintomas brénquicos (OR 1,40, 95% I1C 1,06 a
1,84) e afaltade ar (OR 1,53, 95% IC 1,06 a 2,21) apds
controlo para vaping, exposicéo ativa e passiva a tabaco
ou a canabis e para caracteristicas demograficas (idade,
sexo, raca/etnia e educacdo parental). Foram observadas
associacdes mais significativoas quando a andlise foi limi-
tada a participantes nao fumadores nem vapers. Nao se
observaram associacdes a pieira apos o0 ajustamento para
confundidores.

Conclusdo A exposicao ao vaping de nicotina passivo
esteve associada a um aumento do risco de sintomas
bronquicos e de falta de ar entre jovens adultos.

INTRODUCTION

The prevalence of e-cigarette use (vaping, largely
with nicotine) increased from 11% to 25.4% among
12th graders in the USA between 2017 and 2019.!
Therefore, secondhand nicotine vape exposure is
likely to be common. Although there is increasing
evidence that e-cigarette use is associated with
adverse health outcomes, there has been little
study of health effects of secondhand nicotine vape
exposure.? A recent cross-sectional study reported
an association between asthma exacerbation and
secondhand nicotine vape exposure’; however, to
our knowledge, there has been no longitudinal
study investigating the chronic effect of second-
hand nicotine vape exposure on respiratory health
outcomes. This is an important question because,
unlike active smoking, secondhand nicotine vape
exposure is not a voluntary exposure. Evidence of
adverse health effects of secondhand nicotine vape
would provide a compelling rationale for reducing
home exposure to secondhand nicotine vape,
and for restricting vaping in public places, just

What is the key question?
» Is secondhand vape exposure detrimental
to respiratory health in young adults?

What is the bottom line?

»Secondhand vape exposure was associated
with increased risk of bronchitic symp-
toms and shortness of breath in young
adults, even after accounting for active
smoking and vaping.

Why read on?

» Primary and secondhand exposure to vaping
is highly prevalent among the adolescents
and young adults but there has been little
research investigating the effects of secon-
dhand vape exposure on respiratory health.

as adverse health effects of secondhand smoking
resulted in regulation of smoking in public places.

Parents often have more relaxed ‘vape-free’ poli-
cies at home than ‘smoke-free’ policies.** In a recent
survey, smoking inside the home was allowed in
37.4% of homes of current and former smokers,
while vaping inside the home was allowed in 60.4%
of homes of vapers, as secondhand nicotine vape
exposure was perceived to be less harmful than
secondhand smoking.® Although secondhand
exposure to particulate matter from e-cigarettes
is lower than from combustible cigarettes,” the
ultrafine particle concentration in e-cigarette
aerosol can be higher than in cigarette smoke,
potentially delivering toxins to the distal airways
and alveoli.? E-cigarette aerosol also contains vola-
tile aldehydes and oxidant metals,”'* compounds
that are known to cause lung toxicity.

Based on the known toxicity of vaping aerosols,
we hypothesised that secondhand nicotine vape
exposure would be associated with adverse respi-
ratory symptoms such as wheezing, bronchitic
symptoms and shortness of breath. We addressed
this question in the Southern California Children’s
Health Study," a cohort with detailed annual infor-
mation on self-reported active vaping and second-
hand nicotine vape exposure, combusted tobacco
and cannabis smoke exposure, and self-reported
respiratory health outcomes.

METHODS

Study design

A baseline (wave 1) population of 2097, 11-12th
grade Children Health Study participants (mean
age 17.3 years, SD 0.6 years), were enrolled in
this study from a cohort from schools through-
out Southern California.”® Detailed exposure and
health data were collected using self-completed
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paper questionnaires in classrooms for wave 1 and online using
research electronic data capture (REDCap)'® tools hosted at the
University of Southern California across three additional waves of
follow-up through 2019. The current analysis was limited to 2090
participants who provided data on secondhand nicotine vape ex-
posure in at least one of the four waves. The total number of parti-
cipants was 2090 in wave 1 (year 2014), 1609 in wave 2 (year 2015),
1502 in wave 3 (year 2017) and 1637 (78.3% of the original sample)
in wave 4 (year 2018). An initial loss of 481 participants (23%)
in wave 2 occurred during the transition from classroom to on-
line collection after completing high school, some of whom par-
ticipated in later follow-up. Those who were lost to follow-up at
wave- 2 were more likely to be male, Hispanic whites and parents
not having any college education, compared with those who re-
mained in the study (online supplemental table S1). The preva-
lence of secondhand nicotine vape exposure, bronchitic symptoms
and wheeze did not differ substantially between those who were
lost to follow-up in wave 2 and those who remained at wave 2. Ad-
ditional description of the cohort has been reported previously.'*

Measures

Respiratory symptoms

Respiratory symptoms assessed, based on prior reports of effects
of vaping,'® ' were bronchitic symptoms, wheeze and shortness of
breath during the previous year. Bronchitic symptoms (bronchitis,
cough or phlegm bronchitic symptoms) were based on reported
(1) bronchitis in the previous 12 months, (2) daily cough in the
morning for 3 months in a row, (3) daily cough at other times of
the day for 3 months in a row or (4) congestion or phlegm other
than when accompanied by a cold. Participants were considered
to have bronchitic symptoms if they responded yes to any of the
four symptoms.”*'® Wheeze was based on a report of wheezing or
whistling in the chest during the previous 12 months. Shortness of
breath was based on a report of having been troubled by shortness
of breath when hurrying on level ground or walking up a slight
hill. Information on shortness of breath was collected starting in
wave 2 of the study.

SECONDHAND VAPING AND SMOKING EXPOSURE

Detailed information on secondhand exposure to e-cigarette aero-
sol and cigarette smoke was collected at each wave. Secondhand
nicotine vape exposure at each wave was defined based on par-
ticipants’ reports that anyone in the household (other than the
participant) used ‘e-cigarette or other electronic nicotine delivery
devices. Secondhand smoking exposure at each wave was defined
based on reports of secondhand exposure to combustible tobacco.
Secondhand cannabis exposure at each wave was defined based on
participants’ responses that anyone in the household ‘smoked or
vaped cannabis’ Information on secondhand cannabis was available
only in waves 3 and 4.

Primary vaping or smoking was defined based on participants’
reports of any active vaping or smoking of nicotine or cannabis in
the previous 30 days (yes/no) at each wave. Use of cannabis was
available only in waves 3 and 4.

Sociodemographic information

Information was available on participants’ gender, ethnicity
(Hispanic white, non-Hispanic white, Asian, African American and
other (ie, Pacific Islander, native American/Alaska Native, multi-
racial or not defined)), and highest parental educational level, as
previously described."

Statistical analysis

Mixed effect logistic regression models were used to evaluate
the association between secondhand nicotine vape exposure in
each wave and each respiratory symptom (bronchitic symptoms,
wheeze and shortness of breath) in that wave. All models included
a participant-level intercept (random effect) to account for multi-
ple observations over time, with adjustment (fixed effect) for sex,
race/ethnicity, baseline age and parental education. All models
were additionally adjusted for primary vaping or smoking and se-

Exposicao ambiental

condhand smoking/secondhand cannabis exposure. To assess the
impact of the timing of exposure, we also fitted a model contain-
ing a four-level categorical exposure variable based on the joint
distribution of 1-year lagged and current secondhand nicotine
vape exposure: no secondhand nicotine vape exposure in the pre-
vious and current year (reference group), secondhand nicotine
vape exposure in previous year only, secondhand nicotine vape
exposure in current year only and secondhand nicotine vape ex-
posure in both previous and current year. As sensitivity analyses,
we additionally restricted the sample to participants (1) without
primary vaping or smoking, (2) who were not lost to follow-up in
wave 2 and (3) who reported no history of physician diagnosed
asthma at wave 1. Statistical analyses were conducted using SAS
V.9.4 (SAS Institute).

RESULTS

Study population

Among the 2090 study participants, about half were Hispanic
white (51.8%) and male (50.4%; table 1). The distribution of the
demographic factors of participants with respiratory symptoms
was largely similar to that of the overall population, except that
participants with shortness of breath were more likely to be female
(shortness of breath participants: 70.2% female versus non-short-
ness of breath participants: 43.4% female, p<0.01).

Prevalence of vaping and smoking exposure

The prevalence of secondhand nicotine vape exposure increased
from 11.7% to 15.6% from wave 1 to wave 4 in the study population
(figure 1), while the prevalence of secondhand smoking decreased
from 26.6% to 20.6%. Past 30-day use of cigarettes, e-cigarettes
and cannabis (wave 3 to wave 4) increased over the study period.
None of those changes were statistically significant except for the
observed increase of primary vaping or smoking from 12.1% in
wave 1 to 34.0% in wave 4 (p<0.001).

A majority of the participants (76.0%-93.1%) who had second-
hand nicotine vape exposure during any of the study waves was
also likely to have personal use of tobacco or cannabis products
or secondhand exposure to combustible products (online supple-
mental table S2). For example, during wave 4, out of the partici-
pants who reported secondhand nicotine vape (n=223), only 6.9%
had no other vaping or smoking related exposures, while 11.5%
had primary vaping or smoking, but no secondhand smoking ex-
posure, 33.2% had secondhand smoking, but no primary vaping or
smoking exposure, and 48.4% had both secondhand smoking and
primary vaping or smoking exposure.

Prevalence of respiratory symptoms

Over the study period, an increase in the prevalence of wheeze and
bronchitic symptoms was observed in the study population (not
statistically significant). The prevalence increased from 12.3% to
14.9% for wheeze and 19.4% to 26.0% for bronchitic symptoms
(figure 2). The prevalence of shortness of breath did not show any
clear trend over time, with prevalence of 16.5% in wave 2, 18.1% in
wave 3 and 17% in wave 4.

Effect of secondhand nicotine vape exposure on respiratory symptoms

Compared with unexposed participants, participants with se-
condhand nicotine vape exposure had increased odds of repor-
ting wheeze during the same year (OR 1.56,95% CI 1.12 to 2.17),
bronchitic symptoms (OR 1.90, 95%CI 1.48 to 2.44) and shortness
of breath (OR 1.87,95%CI 1.33 to 2.63), after controlling for age,
sex, race/ethnicity and parental education (table 2: model 1). After
additionally adjusting for secondhand smoking, secondhand can-
nabis, and primary vaping or smoking, the secondhand nicotine
vape exposure associations with bronchitic symptoms (OR 1.40,
95%CI1.06 to 1.84) and shortness of breath (OR 1.53,95%CI 1.06
to 2.21) were attenuated, and the association between secondhand
nicotine vape exposure and wheeze was not statistically significant
(table 2: model 2). We observed no statistically significant modify-
ing effect of race/ ethnicity, sex, and age on the association between
secondhand nicotine vape exposure and respiratory outcomes.
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Table 1 Demographic characteristics of participants and those who reported wheeze, bronchitic symptoms, shortness of breath or secondhand
nicotine vape exposure during the study period™
Total Wheezet Bronchitic symptomst Shortness of breatht Secondhand nicotine vape exposuret
N=2090 N=510 N=811 N=480 N=542
Race
Asian 72 (3.4) 16 (3.1) 27 (3.3) 19 (4.0) 17 (3.1)
Black 31(1.5) 9(1.8) 12 (1.5) 2(0.4) 6(1.1)
Hispanic white 1081 (51.8) 214 (42.0) 378 (46.7) 254 (53.0) 241 (44.5)
Non-hispanic white 732 (35.1) 222 (43.5) 320 (39.5) 168 (35.1) 237 (43.7)
Others 172 (8.2) 49 (9.6) 73(9.0) 36 (7.5) 41 (7.6)
Parental education at baseline
Completed grade 12 or less 574 (27.5) 113 (22.2) 185 (22.8) 142 (29.6) 128 (23.6)
Some college 648 (31.0) 164 (32.2) 268 (33.0) 154 (32.1) 208 (38.4)
Completed college or more 622 (29.8) 183 (35.9) 279 (34.4) 136 (28.3) 153 (28.2)
Missing 246 (11.8) 50 (9.8) 79(9.7) 48 (10.0) 53(9.8)
Sex
Female 1036 (49.6) 258 (50.6) 419 (51.7) 337(70.2) 264 (48.7)
Male 1054 (50.4) 252 (49.4) 392 (48.3) 143 (29.8) 278 (51.3)

*BP tests were performed comparing the demographic characteristics of participants with wheeze, bronchitic symptoms, shortness of breath, secondhand nicotine vape exposure
to participants without the specific respiratory outcome or secondhand nicotine vape. N (%) is shown in the table. Significant differences (p<0.05) are shown in bold.
tTotal number of participants reporting wheeze, bronchitic symptoms, shortness of breath or secondhand nicotine vape exposure, at least once, over the study period (waves

1-4).

Sensitivity analysis

We restricted the analysis to the participants who reported no
primary vaping or smoking in past 30 days (n=1181) in order
to reduce potential for confounding by personal use. A stronger
association was observed between secondhand nicotine vape ex-
posure and respiratory symptoms in this sub-population (table
3: sensitivity analysis 1). The odds of reporting wheeze, bronchi-
tic symptoms and shortness of breath were 2.27 (95% CI 0.74 to
6.95),3.10 (95% CI 1.52 to 6.35) and 2.05 (95% CI 1.01 to 4.19),
respectively, among those who reported past 30-day exposure
to secondhand nicotine vape, compared with those not repor-
ting current secondhand nicotine vape exposure, after adjusting
for demographic factors and secondhand smoking/secondhand
cannabis. To assess the potential influence of lost to follow-up in
wave 2, we removed those participants from the analysis (table
3: sensitivity analysis 2). The estimates of association between
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Figure 1 Prevalence of personal and secondhand tobacco and

cannabis smoking and nicotine vaping during the study period (waves
1-4). CurrEcig, e-cigarette use in past 30 days; CurrMj, smoking or
vaping cannabis in past 30 days; CurrSmk, smoking cigarette, cigar or
cigarillos in past 30 days; PVS, personal vaping or smoking of nicotine
or cannabis products in the previous 30 days; SHNV, secondhand vape
exposure (nicotine); SHS, secondhand smoke exposure (tobacco);
SHCsecondhand cannabis (vape or smoke) exposure.

secondhand nicotine vape exposure and respiratory symptoms
were similar to those in the corresponding table 2: model 2.
To address the possibility that the effect of secondhand nico-
tine vape exposure was largely among participants with asthma,
we restricted the analysis to participants without any history of
physician diagnosed asthma at wave 1 (table 3: sensitivity analy-
sis 3). The effect estimate remained largely unchanged from table
2: model 2.

Among ever reporters of secondhand nicotine vape exposure,
75.5% reported secondhand nicotine vape in at least two conse-
cutive waves (eg, waves 1 and 2; waves 2 and 3 or waves 3 and 4).
Therefore, we investigated whether the timing and consistency
of exposure (previous, current and both) had different effects on
respiratory symptoms in a subpopulation (n=1609) who had ex-
posure and respiratory symptom information in at least two con-
secutive waves (online supplemental table S3). After adjusting for
demographic factors, primary vaping or smoking, secondhand
smoking and secondhand cannabis, no substantial difference was
observed in the strength of association of secondhand nicotine
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Figure 2 Prevalence of wheeze, bronchitic symptoms (BCP) and
shortness of breath (SOB) during the study period (waves 1-4). BCP,
Bronchitic symptoms reported in previous 12 months; Currwhz, wheeze
reported in 12 months; SOB, shortness of breath reported in previous 12
months.
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Table 2  Effect of past 30-day secondhand nicotine vape exposure on
wheeze, bronchitic symptoms and shortness of breath; N=2090*

Wheeze Bronchitic symptoms  Shortness of breath
OR (95%Cl) OR (95%Cl) OR (95%(ClI)
Model 1t 1.56 (1.12t0 2.17) 1.90 (1.48 to 2.44) 1.87 (1.3310 2.63)
Model 2¢  1.21(0.84t0 1.72) 1.40 (1.06 to 1.84) 1.53 (1.06 to 2.21)

*Model 1: OR and 95% Cl is based on mixed-effect logistic regression with
personspecific random intercept and adjustment (fixed effect) for wave, age, sex,
race and parental education.

tModel 2: OR and 95% Cl is based on mixed-effect logistic regression similar to
model 1 with additional adjustment (fixed effect) for primary smoking or vaping
of nicotine or cannabis, and secondhand smoking or cannabis smoking or vaping
exposure.

$The OR and 95% Cl for wheeze, bronchitic symptoms and shortness of breath is
based on mixed-effect logistic regression models.

vape exposure, based on timing and consistency of exposure,
with respiratory symptoms (online supplemental table S3).

DISCUSSION

To our knowledge, this is the first report of effects of secondhand
nicotine vape exposure on respiratory symptoms among adoles-
cents and young adults from a prospective study. We show asso-
ciations of exposure to secondhand nicotine vape with bronchitic
symptoms and shortness of breath, after controlling for sociode-
mographic characteristics, past 30-day active vaping and smoking
of tobacco or cannabis products, and secondhand cigarette or can-
nabis smoke exposure. These results have important public health
implications for the population exposed to secondhand nicotine
vape. Unlike active vaping and smoking, secondhand nicotine vape
exposure is not a voluntary exposure. Therefore, if the associations
we observed are causal, prohibiting e-cigarette use in public places
is warranted, just as secondhand tobacco smoke exposure has been
prohibited in public spaces for decades, and reducing use indoors
would reduce the burden of respiratory illness in the households of
e-cigarette users. Further epidemiological study is needed to assess
the replicability and generalisability of these findings to other age
groups. Experimental studies are needed to help determine whe-
ther the effects are causal.

Secondhand nicotine vape exposure reported at the time of
symptom reporting was associated with statistically significant
40% greater odds of bronchitic symptoms and 53% greater odds
of shortness of breath, but not with wheeze, compared with in-
dividuals with no currently reported secondhand nicotine vape

Table 2  Effect of past 30-day secondhand nicotine vape exposure
on wheeze, bronchitic symptoms and shortness of breath in sensitivity
analyses restricted to participants with no past 30-day primary vaping
or smoking of nicotine or cannabis§

Wheeze Bronchitic symptoms  Shortness of breath
OR (95%Cl) OR (95%Cl) OR (95%Cl)
Sensitivity 227(0.74t0  3.10(1.52 10 6.35) 2.05(1.01 t0 4.19)
analysis 1* 6.95)
Sensitivity 1.30 (0.90 to 1.39 (1.05 to 1.84) 1.56 (1.08 to 2.26)
analysis 2t 1.87)
Sensitivity 1.15(0.74 to 1.63(1.16 t0 2.31) 1.47 (0.93 t0 2.32)

analysis 3t 1.80)

*Sensitivity analysis 1: Analysis was restricted to participants without any reported
primary vaping or smoking of nicotine or cannabis in the past 30 days (primary
vaping or smoking) (n=1181).

tSensitivity analysis 2: Participants were included if they participated in both wave
1 and wave 2 (n=1609), adjusted additionally for primary vaping or smoking.
Sensitivity analysis 3: Participants who reported no history of physician diagnosed
asthma at wave 1 (n=1463), adjusted additionally for primary vaping or smoking.
§OR and 95% Cl are based on mixed-effect logistic regression model with
personspecific random intercept and adjustment (fixed effect) for wave, age, sex,
race, parental education and secondhand smoking or cannabis (smoking or vaping
secondhand cannabis) exposure.
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exposure, after controlling for confounders and coexposures.
Because this is the first study of effects of secondhand nicotine
vape exposure on wheeze, bronchitic symptoms and shortness
of breath, we cannot directly compare our results to previous
findings. The observed association between secondhand nico-
tine vape exposure and wheeze (OR 1.21, 95%CI 0.84 to 1.72)
in the current study was similar to the association between sec-
ondhand nicotine vape exposure and asthma exacerbation in a
recent cross-sectional study (OR 1.27,95%CI 1.11 to 2.47).* The
estimated effects of secondhand nicotine vape exposure on bron-
chitic symptoms in this study were similar in magnitude to those
of secondhand smoking. For example, in a recent study of bron-
chitic symptoms among Chinese adolescents, the OR for second-
hand smoking, compared with adolescents with no secondhand
smoking exposure, was 1.53 (95%CI 1.25 to 1.87)."” Bronchitic
symptoms are a response to irritant exposures such as second-
hand smoking, active smoking and ambient particulate matter,
among others.

Increased risk of shortness of breath has also been associated
with secondhand smoking.*® The interpretation of shortness of
breath associated with secondhand nicotine vape exposure is not
clear, but shortness of breath is a central feature of bronchiolitis
obliterans that has been reported in workers heavily exposed to
diacetyl and 2, 3-pentanedione, which are flavourings that have
also been measured in e-cigarette liquids.” > - There is a grow-
ing body of evidence that vaping is associated with a number of
pulmonary diseases, including bronchiolitis obliterans,” acute res-
piratory distress syndrome” and acute eosinophilic pneumonia.?’
A recently published report described a case of hypersensitivity
pneumonitis with secondhand nicotine vape exposure.?® While
only 3 years of data were collected in the current analysis to assess
the effect of secondhand nicotine vape exposure on shortness of
breath, the observed associations were both moderately strong and
robust to confounders. Further study is warranted to determine
potential causes of shortness of breath associated with secondhand
nicotine vape exposure.

Many study participants with secondhand nicotine vape expo-
sure were also exposed to a variety of other tobacco and cannabis
products (online supplemental table S2). Disentangling the effect
of secondhand nicotine vape exposure on respiratory symptoms
from effects of other products was challenging. However, the mo-
dels provided stable estimates of secondhand nicotine vape effects
after adjustment for coexposures. We also observed stronger ef-
fects of secondhand nicotine vape exposure on respiratory symp-
toms among study participants who reported no past 30-day use of
e-cigarette or combustible products (comparing table 3, sensitivity
analysis 1 with table 2, model 2).

A potential explanation for the observed association between
secondhand nicotine vape exposure and respiratory symptoms is
selection bias due to the lost to follow-up of 481 participants fol-
lowing high-school graduation (at wave 2). However, those who
remained in the study at wave 2 and those who were lost to fol-
low-up had similar secondhand nicotine vape exposure and res-
piratory symptoms (online supplemental table S1). There were
some modest differences in sociodemographic characteristics be-
tween those retained and those lost to follow-up, but all analyses
were adjusted for those factors. Furthermore, secondhand nicotine
vape exposure effect estimates in analyses restricted to participants
not lost to follow-up at wave-2 (table 3, model 2) were similar to
the estimates in the entire population (table 2). Therefore, selection
bias is not likely to explain the associations with secondhand nico-
tine vape exposure we observed.

We also assessed whether the associations between second-
hand nicotine vape exposure and respiratory symptoms were due
to secondhand nicotine vape exposure induced asthma exacer-
bation.? However, when we restricted the analysis to participants
without any history of asthma at study entry, the secondhand
nicotine vape exposure effect estimates (table 3, sensitivity anal-
ysis 3) were similar to effects in the entire sample (table 2, model
2). Asthma status of the subjects did not substantially affect the
effect estimates observed between secondhand nicotine vape ex-
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posure and the respiratory outcomes (online supplemental table
S4).

Measurement error due to self-reported exposure and respira-
tory outcomes could have occurred. Because respiratory health
outcomes were reported for last 12 months, it is possible that the
participants under-reported symptoms occurring many months
back. Exposure misclassification was likely to be small as exposure
was assessed for the previous 30 days and seems unlikely to have
been substantially differential with respect to outcome that could
have biased the estimated effects of exposure.

CONCLUSION

We observed associations of secondhand exposure to e-cigarettes
in the home with bronchitic symptoms and shortness of breath,
after accounting for coexposures to other tobacco and cannabis
products. The study satisfies several criteria of causation, including
prospective assessment of the temporal relationship, relatively
strong associations and biological plausibility. However, these fin-
dings need to be replicated in other study populations and in study
designs including secondhand nicotine vape exposure challenge
studies, and merit study in animal models, to establish a causal
association between secondhand nicotine vape exposure and res-
piratory symptoms. If causal, reduction of secondhand e-cigarette
exposure in the home would reduce the burden of respiratory
symptoms and would provide a compelling rationale for regula-
tion of e-cigarette use in public places.
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e estudos de dermaite atdpica. A maioria dos doentes com conjuntivite ou queratite recuperou ou estava a recuperar durante o periodo de tratamento. No estudo de dermaite atdpica a longo prazo OLE (AD-1225) aos trés anos, as respefivas tavas de tomunlwneequeralne pemarecera xeme\hame&asdoqmpo' tado com dupiumab nos estudos de dermafite atdpica controlados com p\a(ebo Nosdoentestomasma afrequenﬂa de
conjuntivite e queratite foi baixa e semelhante enire o dupilumab e o placebo. Nos doentes com CRSWAP, a frequéncia de conjuntivite foi superior no dupilumab do que no placebo, embora menor do que a observada nos doentes com dermaite atdpica. Nao exsfiram casos de CRSWHP (versecgio 44 do R(,Mmmn\f’ml Fzemah dicoem< 1%
s de dupilumab e em < 1% do grupo de placebo nos estudos de monoterapia, em adultos, com dermaite atdpica de 16 semanas. No estudo em adultos de dupilumab + (ST de 52 semanas, m[omumzadueaemahevpen[oemﬂZ%doqvupodedupﬂumam(_STeem19%duqrupudepla(eho+(ST Axraxaspermaneteramestave\snoesmdoa\onqcprazoOLE[AD 1225iamtresanos Eosmaﬁllal)sdoentestrawdmwm
{aim um aumento médio inicial maior duquema\orhaxa\na(nmaqemdeemmumoxemmmpavamowmnsdoeme tratados com placebo. A contagem de eosindfilos diminuiu para perto dos niveis basais durante o tratamento do estudo e voltou aos valores basaisd studo de extensdo aberto a ="“=(TKAVERSE) e is basais, nasemana
20,e mantiveram-se, até aos 3 anos, no estudoa longo prazo OLE (AD-1225). Foi nofificado tratamento emergente para easinofila (> 5,000 clulas‘mel) em <2% dos doentes tratados com dupilumab e < 0,5% nos doentes tratados com placebo (versecg ao44doR[Mwmp\?lo) ﬂfE(DEXNOXGSIUGOS(|Im(DS emadultos, d ia de 16 semanas, f icadas infed gm-mmW,O%dmdoemestratados
com placebo e em 0,5% dos doentes tratados com dupilumab. No estudo CHRONOS, em adultos, de dermatte atdpica de 52 semanas, foram reportadas infeges graves em 0,6% dos doentes tratados com placebo & em 0,2% dos doentes tratados com dupilumab. As taxas de infegdes graves: estd uateaoﬂaﬂcsnoe"“ longo prazo OLE (AD-1225). Nao seob to naincdéncia geral de nfegdes com dupilumab
em comparagao com placebo no grupo de sequranga dos estudos clinicos de asma. No grupo de seguranga de 24 semanas, foram nofificadas infeges graves em 1,0% dos doentes tratados com dupilumab e em 1,1% dos doentes tratados com placebo. Novestudo QUEST de 52 semanas,foram otifcads infegdes graves em 1,3% dos doentes dupilumab e em 1,4% dos doentes om placebo. Nao se obsenvou aumento na
incidéncia geral de infegdes com dupilumab em comparago com placebo no grupo de sequranga dos estudos clinicos de CRSWNP. No estudo SINUS-52 de 52 semans, foram nofificadas infeges graves em 1,3% dos doentes tratados com dupilumab e em 1,3% dos doentes tratados com placebo. Imunogenicidade Como tods as proteinas terapeuicas, existe um potencial para imunogenicidade com dupilumab. s espostas de Anticorpos
Ant [AAF) ndo foram, de forma geral, associadas a um impacto na exposicao, na sequranca ou na efcdcia de dupilumab. Aproximadamente 5% dos doentes com dermatie atdpica, asma ou CRSWNP que receberam dupilumab 300 mg Q2\W durante 52 semanas AAF 0 dupilumaby 2% exibiram respostas persstentes de AAF e 2% apresentaram utralizantes. Foram

dos resultados semelhantes em doentes pedidtricos (6 aos 11 anos de idade) com dematite atdpica que retebevam dupilumab 200 mg QW ou 300 mg Q4W durante 16 semanas. Foram observadas respostas de AAF semelhantes em doentes adultos com dermatie atdpica Iratadoswmdum\umabateaos3anusnoeﬂudoa\unqo prazoOLE (AD-1229). Apmxwmadameme16%dosdoenresado\estemestomdermamearoplca que
retebevamdmumabW\ngL700“c02‘v’/dumne 6semanas desenvolveram anticorpos 2o dupilumaby % b persistentes de AAF e proximadamente 5% apresentaram anticorpos neutralizantes il % dos doentes com beram dupilumab 200 mg Q2W durante anticorpos ao d persitentes
de AAF e aproximadamente 4% apresentaram anticorpos neutraizantes. Independents ememeda\dadenupnpu\agan aproximadamente 23 4% dos doentes nos grupos placebo foram positivos para anticorpos ao dupilumab; 2% apresentaram istente de AdFe 1% taram anticorpos neutralzantes. Menasde % s oen dupilumab em regime d

apresentaram respostas de AAF com titulagio elevada associadas a exposicio e eficdcia reduzidas. Além disso, hnuweumduememmdneﬂgadusnroeum[omveagaodoupodoengadusnm(<01%]asmmadasamu\agoese\evadaxdeAA (ver secgéo 44 do RCM completo). Populacdo pedidtrica Dermaite atdpica AdoleﬁemesdmWZaosWanosdeldadeAsegurangadodupl\umabfmavahadanumestudodeZSOdoemesdoleaos17
anos de idade com dermatite atGpica moderada a grave (AD-1526). 0 prfil de sequranga do dupilumab nestes doentes, que foram acompanhados até a semana 16, foi semelhante ao perflde sequranga dos estudos em adultos com dermaite atdpica. Asma. Un total de 107 adolescentes dos 12 aos 17 anos com asma foramincluidos no estudo QUEST de 52 semanas. O perfl deseg semehante m adulfos.
Foi avaliada a sequrana a longo prazo de dupilumab em 89 doentes adolescentes que foram inscritos num estudo de extenséo aberto na asma moderada a grave (TRAVERSE). Neste estudo, os doentes foram acompanhados durante 9 semanas. 0 perfl de sequrnga de dupfmab no TRAVERSE ol consistente com o pefl de g observado s estudos princpais da asma até as 52 semanas detratamemo Sequranqa alongo prazo.
Deatitetdpica, O pefldesequrang e upiumab + TCS (CHRONOS) em doentes aultos o demtite atdpicaat semana 52fof consitentecom o el de sequiangacbservado nasemana 6. Asegurancaalongo prazode uplumabfof avaliadanum estudo de extenso abrto e doentesdos 620s 17anos deidade com dermai derad: mm[AMM)Operﬁ\ d

até 3 semana 52 foi semelhante ao perfi d sequranca obsenvado na semana 16 nos estudos AD-1526 e AD-1652. 0 perfi e sequranga alongo prazo de dupilumab observado em criangas e adolescentes foi consistente com o observado em adulfos com dermafite atGpica. Numestudo de fese 3, mulicéntrico, e extensao aberta (OLE (AD<1225), fomvahadaa‘ﬂ"”"" de dupilumab em 2.677 adultos com
DA moderada a grave expostos a uma dose semanal de 300 mg (99,7%), incuindo 347 que completaram, pelo menos, 148 semanas do estudo. O perfi de sequranga  longo prazo observado neste estudo, até aos 3 anos,foiem geral consistente com o perfl de sequranca de dupilumab absenvado emestudos controlados. Asma. O perfl de sequrangs b noestudo [ de 9 semanas (TRAVERSE) foi consistente
com o perfil e seguranga observado nos estudos principais da asma até 52 semanas de tratamento. CRSWAIP. O perflde sequranga de dupilumab em adultos com CRSWAP até & semana 52 foi consistente com o perfil de sequranga observado na semana 24. Notifcacdo de susge\ta& de reagies adversas A notificagdo de Suspetas de reagdes adversas apoxa autorizagdo do medicamento é \mportante Uma vez que permite uma monitorizagéo
continua da relagdo beneficio-risco do medicamento. Pede-se aos profissonais de saide que noffiquem qualsquer suspeitas de reagdes adversas direfamente ao INFARMED, P. ito da intere: htp:;/wwww.nfarmed pt/webfnfarmed submissaoram (preferencialmente) ou afraves dos seguintes contactos: Diregao de Gestao do Risco de Medicamentos, Parque da Satde de Lisbo, Av.Brasi 53, 1749-004 Lisboa, Tel: +35121 798 73 73. Linha
do Medicamento: 800222444 (gratuita)E-mal: farmacovigilancia@infarmed.pt Data da revisdo do texto: Novembro de 2021. Medicamento Sujeito a Receita Médica estrita. Para mais informages contactar o representante local do Ttular da Autorizagdo de Introdugdo no Mercado.
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