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Editorial

Editorial

Nos últimos meses confirmou-se o que já se esperava. Novas variantes do SARS-CoV-2, de alta contagio-
sidade, mas com menor impacto em termos de morbilidade e de mortalidade, traduzindo também o efeito 
benéfico da vacinação. A pandemia entrou claramente numa nova fase embora continue bem viva na nossa 
agenda clínica.

E, simultaneamente, regressaram com grande expressão muitos outros agentes infeciosos. Que surgiram de 
um modo previsível, mas também “fora de época”, como se verificou, por exemplo, com o vírus sincicial res-
piratório.

Mas agora chegou a Primavera. Os alergénios circulam cada vez mais no ar que nos rodeia. E este ano até 
vieram acompanhados por poeiras do deserto. Por isso, atenção. Para os alérgicos estes podem ser os piores 
meses do ano, com sintomas graves e muito perturbadores da qualidade de vida. E alergias prolongam-se por 
todo o ano. Afetam uma percentagem enorme da população e não escolhem idade ou género.

Vamos então continuar a discutir em conjunto as melhores estratégias para diagnosticar precocemente, abor-
dar e tratar com eficiência, pois o controlo está ao alcance dos nossos doentes.

Neste número, Arnold et al. refletem sobre a aerossolização do SARSCoV-2, sugerindo que no futuro dife-
rentes estratégias de minimização do risco infecioso podem vir a ser implementadas, estando por esclarecer 
a sua eficácia na proteção, nomeadamente dos profissionais de saúde.

Epidemiologia da tuberculose em idade pediátrica e as desigualdades de saúde em crianças e jovens durante 
a Pandemia de COVID-19, avanços na avaliação da gravidade da apneia obstrutiva do sono com recurso a 
smartphones, a expressão de fenótipos versus genótipos da DPCO e ações para promover a atividade física 
destes doentes, são apenas alguns dos temas que Vos propomos para reflexão.

E não queríamos terminar sem agradecer por nos continuarem a acompanhar com as Vossas leituras.

Vivemos uma época muito conturbada, com múltiplas dimensões que nos afetam, que vão da Saúde Pública 
à dignidade da pessoa humana. Temos múltiplas necessidades. E temos de tentar fazer cada vez melhor.

Por todos nós. Os que estão aqui e os que aqui tão perto esperam poder contar connosco…

Até já.

Mário Morais de Almeida
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A pandemia da COVID-19 resultou na uti-
lização generalizada de pressão positiva con-
tínua nas vias respiratórias (CPAP) e de siste-
mas de oxigénio nasal de alto fluxo (HFNO) 
para apoio respiratório, tendo o primeiro 
demonstrado recentemente reduzir a neces-
sidade de intubação e ventilação mecânica, 
aliviando a pressão nos cuidados intensivos 
e melhorando os resultados.1

Uma das principais preocupações con-
tinua a ser o risco teórico de aerossolização 
do SARS-CoV-2, sendo a CPAP e o HFNO 
atualmente considerados como “procedi-
mentos geradores de aerossóis” (PGA). Esta 
classificação, aprovada pela Saúde Pública de 
Inglaterra, a OMS e o CDC dos EUA, dicoto-
miza os procedimentos médicos em procedi-
mentos que potencialmente geram aerossóis 
infecciosos (partículas mais pequenas, geral-
mente <5µm com o potencial de permanece-
rem suspensas durante períodos prolonga-
dos) e os procedimentos que não o fazem.2 
Assim, aconselha-se o aumento das pre-
cauções de controlo de infeção (por exemplo, 
máscara de proteção de partículas suspensas, 
aumento da ventilação, criação de “bolhas”) 
quando os doentes realizam PGA mas estas 
não são obrigatórias fora destes ambientes.

A evidência que suporta este conceito de 
PGA é largamente baseada na observação epi-
demiológica, particularmente da pandemia de 
SARS, com dados físicos limitados que apoiam 
o papel da geração de aerossóis na maioria dos 
PGA.3 Estudos realizados durante a pandemia 
estão a minar o paradigma dos PGA, com evi-
dências convincentes de que o aerossol gerado 
em atividades respiratórias normais excede a 
quantidade limitada gerada por (quase) todos 
os PGA testados.4 5 Até à data, poucos estudos 
tentaram medir o vírus infeccioso real duran-
te os PGA suspeitos, dadas as dificuldades de 
realizar estas medições.

Neste número, Winslow et al fornecem 
dados úteis sobre a aerossolização do SARS-
CoV-2 por amostragem aérea enquanto 
os doentes são submetidos tanto a HFNO 
como a CPAP.6 Trinta doentes admitidos com 
COVID-19 foram incluídos neste estudo ob-
servacional. Ao co-inscrever os participantes 
que estavam a participar no RECOVERY-RS,1 

um ensaio que aleatorizou indivíduos para 
diferentes modalidades de apoio respiratório, 
foram reduzidos os confundidores entre os 
grupos. Foram comparados três grupos de 10 
participantes, que receberam oxigénio suple-
mentar através de máscara Venturi, CPAP 
com filtro viral padrão ou HFNO com uma 
taxa de fluxo típica de 50-60L/min. Usando 
um protocolo de amostragem idêntico para 
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todos os participantes, foram realizados en-
saios RT-PCR para ARN humano e de SARS-
CoV-2 a partir do ar e ambiente clínico ime-
diato. Verificou-se que, enquanto 21/30 (70%) 
participantes testaram positivo para ARN de 
SARS-CoV-2 na nasofaringe, apenas 30% 
apresentaram um resultado positivo do ar 
amostrado com cargas virais mais baixas asso-
ciadas (valores Ct mais elevados). A partir das 
superfícies circundantes, foi identificado mais 
ARN viral, sendo que 46% apresentaram pelo 
menos uma amostra positiva e o chão foi a 
superfície mais comummente afetada. Essen-
cialmente, não foi detetada qualquer diferença 
no ARN viral entre os participantes em termos 
do tipo de suporte respiratório a ser utilizado. 
É de notar que, embora a cultura viral tenha 
sido tentada em todas as amostras positivas de 
PCR, nenhuma amostra de ar e apenas uma 
amostra nasofaríngea se revelou positiva. Os 
doentes foram amostrados em média 12 dias 
após o início dos sintomas, o que talvez não 
seja surpreendente, dados os elevados valores 
de Ct e a dinâmica de infeção por SARS-
CoV-2 em doentes imunocompetentes.7

O presente estudo reforça a evidência 
crescente de que a classificação dos PGA não 
é útil na definição dos riscos de transmissão. 
Resultou em medidas excessivamente cautelo-
sas para certos ambientes, exigindo PPE com-
pletos para todas as intubações4 e impedindo 
os familiares de visitar os doentes mais enfer-
mos, ao mesmo tempo que subestima o risco 
noutros, tais como o pessoal do departamento 
de emergência recolher esfregaços de doentes 
recentemente sintomáticos, o pessoal da en-
fermaria prestar cuidados pessoais a doentes 
com COVID-19 conhecida e o pessoal não 
clínico limpar pisos contaminados.

Estes resultados também estão correla-
cionados com estudos mecanicistas de ge-
ração de aerossóis a partir de procedimentos 
de suporte respiratório que demonstraram 
que a respiração, a fala e a tosse geram mais 
aerossóis do que a CPAP ou o HFNO.5 8 Este 
facto, e a diminuição da infecciosidade dos 
doentes com COVID-19 no decurso de uma 
hospitalização, explica parcialmente as baix-
as taxas de seropositividade de SARS-CoV-2 
entre o pessoal dos cuidados intensivos em 
comparação com outros grupos de pessoal 
com maior contacto com o doente,9 10 apesar 
das evidências iniciais sugerirem cargas vi-
rais mais elevadas nestes doentes.

Em suma, é claro que a transmissão por 
aerossol de SARS-CoV-2 ocorre e há evidên-
cias crescentes de que o risco de infeção em 
ambientes hospitalares tem uma relação negati-
va com a orientação histórica dos PGS. Dentro 
dos contextos de cuidados de saúde, sempre foi 
aceite um determinado nível de risco. Ao lon-
go de toda a pandemia, as políticas nacionais 
procuraram, de forma pragmática, minimizar, 
em vez de eliminar, todo o risco, adaptando-se 
ao longo da pandemia de acordo com a classifi-
cação inicial de SARS-CoV-2 enquanto doença

infecciosa de elevadas consequências. Contu-
do, neste momento, as evidências sugerem que 
o equilíbrio do risco está colocado exatamente 
no lugar errado, com um aumento de PPE 
obrigatório nas situações em que o aerossol é 
menos provável e as pessoas estão menos infec-
ciosas - por exemplo, as que trabalham na UCI 
ou que cuidam das pessoas a receber CPAP - e 
não naquelas em que o aerossol é mais provável 
e as pessoas mais infecciosas - tais como os 
doentes com tosse e infeção precoce nas uni-
dades de admissão e enfermarias gerais.

Insistir nas precauções por via aérea para 
todo o pessoal de saúde em contacto com 
possíveis doentes com SARS-CoV-2 será ex-
tremamente dispendioso - e, como qualquer 
utilizador de PPE sabe, desconfortável - para 
ganhos cada vez mais limitados no caso de a 
transmissão de SARS-CoV-2 cair e de os po-
tenciais riscos de infeção serem atenuados pela 
vacinação. Por outro lado, é pouco provável que 
a remoção de todas as precauções por via aérea 
seja considerada aceitável por aqueles que tra-
balham em áreas habituadas a tais precauções 
e pareceria imprudente dada a evidência emer-
gente de uma diminuição da imunidade e a 
perspetiva de variantes cada vez mais trans-
missíveis. Provavelmente, apenas uma coisa é 
clara: no futuro, aguardam-se decisões pouco 
uniformes para aqueles que têm a tarefa de de-
cidir a política de controlo de infeções.
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RESUMO
Objetivo A doença da tuberculose infantil é difícil de 
diagnosticar e de gerir e é uma causa subreconhecida 
de morbilidade e mortalidade. Os dados reportados do 
Canadá não se concentram na tuberculose infantil nem 
captam os principais detalhes epidemiológicos, clínicos 
e microbiológicos. O objetivo deste estudo foi avaliar a 
demografia, a apresentação e as características clínicas 
da tuberculose infantil no Canadá.
Métodos Conduzimos uma vigilância prospetiva entre 
2013 e 2016 de mais de 2700 pediatras e programas 
de tuberculose verticais para a tuberculose incidente 
em crianças menores de 15 anos no Canadá através do 
Programa Canadiano de Vigilância Pediátrica (CPSP).
Resultados No total, estão incluídos 200 casos neste 
estudo. A tuberculose foi intratorácica em 183 pacientes, 
dos quais 86% apresentaram um envolvimento exclusiva-
mente intratorácico. Em 16 casos (8%), ocorreu tubercu-
lose do sistema nervoso central. Cinquenta e um por cento 
dos casos foram hospitalizados e 11 (5,5%) foram interna-
dos em unidade de cuidados intensivos. Foram reportadas 
reações adversas aos medicamentos em 9% dos casos. O 
caso original, mais frequentemente um parente em pri-
meiro grau, foi identificado em 73% dos casos. Cinquenta 
e oito por cento dos casos relatados foram de crianças 
indígenas nascidas no Canadá. As taxas de estudo estima-
das de casos reportados (por 100 000 crianças por ano) 
foram de 1,2 no total, 8,6 para todas as crianças indígenas 
e 54,3 para as crianças inuítes.
Conclusão A tuberculose infantil pode causar uma morbi-
lidade e uma utilização de recursos significativas. As prin-
cipais geografias e grupos apresentam taxas de incidência 
muito elevadas. A eliminação da tuberculose infantil no 
Canadá irá exigir esforços comunitários bem financiados 
que se concentram nestes grupos de maior risco.

BACKGROUND 
Globally, there were an estimated 10 million new 
cases and 1.4 million tuberculosis (TB)-related 
deaths in 2018.1 In Canada, there are on average 
1800 incident cases of TB disease per year with 
approximately 3% of disease occurring in children 
younger than 15 years.2 In Canada, Indigenous 
peoples and foreign-born individuals are dispro-
portionately affected by TB.3 Compared with adult 
TB, childhood TB disease is more difficult to diag-
nose, presents unique management challenges4 5 
and is an under-recognised cause of morbidity.6 7

TB is a reportable disease at the federal and provin-
cial/territorial levels in Canada. However, available 
data do not capture important details including 
the type of disease, use and results of diagnostic 
tests, rates of culture confirmation and hospitalisa-
tion, follow-up data, rates of adverse drug reactions 
(ADRs), rates in specific childhood populations and 

whether source cases were identified. To address 
these gaps, we conducted a multi-year prospective 
surveillance study of incident TB disease in children 
under the age of 15 in Canada using the Canadian 
Paediatric Surveillance Program (CPSP). Additional 
pertinent background information is given in the 
online supplemental appendix.

METHODS
The CPSP, a joint project of the Public Health 
Agency of Canada (PHAC) and the Canadian 
Paediatric Society, conducts active monthly national 
surveillance of over 2700 participant paediatricians 
and paediatric subspecialists for certain childhood 
disorders. For this study, we also included non-
paediatricians from the TB programmes of Alberta, 
Saskatchewan, Nunavut, the Northwest Territo-
ries and British Columbia. We aimed to identify 
incident cases of childhood TB between October 
2013 and September 2016 and follow-up every 6 
months until 6 months post-treatment completion. 

	► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http://​dx.​doi.​org/​
10.​1136/​archdischild-​2021-​
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What is already known on this topic?

	► Childhood tuberculosis is under-reported and 
under-researched but, globally, is a major 
hidden cause of childhood mortality.

	► According to the Public Health Agency of 
Canada, childhood tuberculosis accounts for 
about 3% of all cases in the country.

	► National data lacked important clinical, 
treatment and epidemiological detail including 
methods of diagnosis that is needed to 
improve diagnosis, management and control.

What this study adds?

	► This study prospectively surveyed clinicians and 
programs managing childhood tuberculosis and 
provides more epidemiologic and clinical detail 
than published Canadian data.

	► There is substantial variation in regional 
incidence and remarkably high rates of 
tuberculosis in Indigenous Canadians who 
accounted for more than half of cases.

	► This study demonstrated high rates of 
hospitalisation, central nervous system 
infection with intensive care unit admission 
and a substantial rate of adverse drug 
reactions.
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incidence of childhood TB for specific groups. Rates for Indi- 
genous populations were calculated using denominators from 
Statistics Canada Aboriginal Population Profile.11 Details of 
study’s ethics approvals are provided in the online supplemental 
appendix.

This work was supported by the Public Health Agency of 
Canada through the CPSP and a grant from Paediatric Consul- 
tants, Hospital for Sick Children.

FINDINGS
From October 2013 to September 2016, an average of 2536 monthly 
reporting forms were sent by CPSP and response rates averaged 
81%. The number reported and reasons for exclusions are shown 
in figure 1 and 200 cases met the study case definition. Eighty cases 
(40%) were microbiologically confirmed and 116 (58%) were cate-
gorised as unconfirmed. The remaining 4 cases were categorised 
as presumed or difficult to classify. Sixty-six (36%) and 20 (53%)of 
intrathoracic and extrathoracic cases, respectively, were microbio-
logically confirmed.

The calculated minimum overall rate of reported cases of 
childhood TB during the study period was 1.2 per 100 000 per 
year compared with an approximate notification rate to PHAC of 
1.6/100 000.11 Comparisons with data reported by the PHAC are 
shown in the online supplemental appendix. Key demographics 
of cases reported to CPSP are shown in table  1. Reports by age 
group were 2.4 per 100 000 live births in children under 1 and 1.8, 
0.6 and 0.9 per 100 000 population for the age groups 1–4, 5–9 
and 10–14 years, respectively. Most cases (n=116, 58%) occurred 
in Canadian-born Indigenous children, the majority of whom 
were identified as First Nations (67%) or Inuit (30%). The reported 
case rate in all Indigenous children was 8.6/100 000/year with the 
highest rate being in Inuit children (54.3/100 000/year) (table 2).

Forty-three (22%) of reported cases were in Canadian-born 
non-Indigenous children. Thirty children (15%) were born outside 
of Canada of whom 13 (43%) were born in sub-Saharan Africa. 
Among the foreign-born, Africa was the most common continent, 
and the Philippines and India were the most common countries 
of birth (table 1). The rates of reported cases for foreign-born and 
Canadian-born children with at least one foreign-born parent 
were 2.7 and 1.4 per 100 000, respectively. Of Canadian-born non-
Indigenous children, 14 (26%) travelled to an endemic country.

Most cases resided in Manitoba (n=62, 31%) followed by 
Ontario (n=32, 16%), Québec (n=28, 14%) and Nunavut (n=28, 
14%). Annual incidence rates by province or territory of residence 
and First Nation and Inuit status are shown in table 2. The highest 
rates were in Nunavut (80.6 cases per 100 000, greater than 80 times 
that of the rest of Canada combined) and Manitoba (8.5 cases per 
100 000). Of the 70 children identified as First Nations, 64 (91%) 
had their residence on reserve.12

Results related to exposure and previous TB diagnosis are shown 
in table 3. A source case was identified in 73% of cases: most (n=91, 
65%) were close household contacts of either a first-degree (48%) 
or second-degree (37%) relative. Twenty-five children (of whom 
12 (48%) were First Nation and 9 (36%) were Inuit) had previously 
received TB treatment, chiefly for latent TB infection.

Selected clinical features are shown in table 4. TB was intratho-
racic in 183 (92%) patients of whom 25 (14%) had extratho-
racic involvement. The most common extrathoracic sites were 
the central nervous system (CNS) and peripheral lymph nodes. 
Miliary or disseminated disease was seen in 20 cases. Five (14%) 
cases in Inuit children involved the CNS, of whom 3 (60%) had 
received BCG vaccine. Approximately two-thirds had symptoms, 
most commonly cough fever and weight loss. Only 12 (6%) chil-
dren with incident TB had the classic triad of cough, weight loss 
and night sweats and fewer than 5 children had haemoptysis.

One hundred and sixty-five children had at least one tuberculin 
skin test performed of which 144 (87%) were positive. An interferon 
gamma release assay test was performed in 13 children of whom 
10 (77%) were positive. Overall, 80 (40%) children had at least one 
positive culture from any site. One hundred and forty-four chil-
dren had at least one respiratory sample taken for mycobacterial 

Pertinent data from the TB programme at Hôpital Sainte-Justine 
in Montréal, Québec, were retrospectively obtained in May 2017 
outside of the CPSP platform. The protocol (https://wwwcpsp-
cpsca/uploads/studies/childhood-TB-protocolpdf.) initially used 
existing international case definitions for the diagnosis of intratho-
racic childhood TB,8 however, revised criteria for intrathoracic TB 
were published in 2015 so we reviewed and reclassified all cases 
as confirmed or unconfirmed by consensus adjudication by three 
authors (SKM, RJPG, IK) according to the new criteria.9

We calculated population-based age-specific rates of reported 
cases using 2016 population data10; for those <1 year of age we 
used number of live births. Due to potential under-reporting, 
rates presented here represent the lowest possible estimate of 

Table 1 Demographic features of cases

Number (n) %

Age (N=200)

 � <1 28 14

 � 1 to 4 82 41

 � 5 to 9 36 18

 � 10+ 54 27

Sex (N=196)

 � Male 99 50.5

 � Female 97 49.5

Ethnicity (N=200)

 � Canadian born, Non-Indigenous 43 21.50

 � Canadian born, Indigenous, total 116 58

  �  Canadian born, First Nations (78) (39)

  �  Canadian born, Inuit (35) (17.5)

  �  Canadian born, other <5 n/a

 � Canadian born, Not Specified 11 5.5

 � Non-Canadian born, total (country or region of birth) 30 15

  �  Africa (13) (6.5)

  �  Philippines (10) (5)

  �  South Asia (5) (2.5)

  �  Other <5 n/a

Figure 1  Flowchart of cases notified, excluded and included. CPSP, 
Canadian Paediatric Surveillance Program.
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culture; culture was positive in 31 of 77 (40%) sputum and 31 of 
74 (42%) gastric aspirate samples; 55% of children with intratho-
racic TB in whom a respiratory sample was obtained had negative 
cultures. Nineteen of 77 (25%) sputa were in those younger than 5 
years; of these, fewer than 5 were culture positive.

Resistance to at least one drug was reported in 5 (7%) isolates. 
Most were resistant to isoniazid and rifampin and thus classified 
as multi-drug resistant. There were no proven cases of extensively-
drug-resistant TB.

The median duration of treatment for all cases was 26 weeks 
(IQR 24–32), for TB meningitis 48 weeks (IQR 30–65) and for 
disseminated disease 48 weeks (IQR 40.5–54). Median duration 
of therapy for the five cases with documented resistance was 48 
weeks (IQR 36–48). Most children were treated with a three-drug 
regimen of isoniazid, rifampicin and pyrazinamide (n=99, 50%) 
or four-drug regimen that included ethambutol (n=79, 40%). Use 
of directly observed therapy was reported in 183 (96%) cases for 
which this information was available.

Reported and minimum estimated rates of selected clinical 
events are shown in online supplemental table 1. Fifty-one per cent 
of children were admitted to hospital for a median of 14 days (IQR 
7–19, maximum 252). Intensive care unit (ICU) admission status 
was known for 84 children of whom 11 (5.5%) required ICU level 
care. Seven (54%) children admitted to ICU had CNS involvement.

In 17 cases (9%), an ADR required a change in treatment 
and 6 cases required hospitalisation for the ADR. The most 
common drugs implicated in ADR were pyrazinamide (5%, 
most commonly for hepatotoxicity) and isoniazid (3%, most 
commonly for hepatotoxicity). Other implicated drugs included 
amikacin (hearing loss), rifampicin (hepatotoxicity), ethambutol 
(visual changes), linezolid (marrow suppression) and cycloserine 
(neuropathy).

Longer term follow-up information was provided in 106 cases and 
of these, 97% and 90% had shown clinical and radiologic improve-
ment, respectively, at the time of final follow-up. Sixteen cases 
reported an extension of therapy beyond the originally planned time 
frame. Most common reasons for extended treatment included poor 
adherence to therapy (n=5), extrathoracic site of infection found 

after initiation of therapy (<5), poor radiologic or clinical response 
(<5) and drug resistance (<5). Fewer than five cases were reported as 
lost to follow-up and there were no TB-related deaths.

To understand the representativeness of our cases, we compared 
our results to the numbers of cases reported to the PHAC during 
the study time frame. Cases are de-identified in both reporting 
systems and could not be matched. For 2014 and 2015, where 
reporting periods were identical, CPSP reports were 74% of all 
cases reported to PHAC and 90% of PHAC reported cases when 
the province of Québec was excluded (online supplemental table 
2). During the study, there were significant TB outbreaks in 
Nunavik, Québec, an Inuit region where TB is managed by clini-
cians not included in the CPSP surveillance system.13 Using addi-
tional demographic data from the province of Québec via PHAC 
(online supplemental table 3), we estimated a maximum number 
of 269 cases of childhood TB in Canada over the study period.14 
Using these data, the minimum national incidence rates were 
10.2/100 000/year for all Indigenous children, 100.8/100 000/
year for Inuit children and 1.55/100 000/year for all children in 
Canada (online supplemental table 4).

DISCUSSION
This study is one of the first nation-wide surveys to collect TB data 
directly from treating clinicians. The overall rate of reported cases 
of childhood TB in this study was 1.2 per 100 000. This compares 

Table 2 Rates of reported case rates by province or territory 
of residence and Indigenous status

Rate per 100 
000

0–14 Population 
size Cases (n)

Canada (N=200)

 � Canada (N=200) 1.2 5 778 929 200

Province/territory of residence

 � British Columbia 0.4 691 495 8

 � Alberta 0.9 764 638 21

 � Saskatchewan 3.1 213 796 20

 � Manitoba 8.5 243 534 62

 � Ontario 0.5 2 221 986 32

 � Québec 0.7 1 273 093 28

 � Atlantic Provinces* n/a 343 482 <5

 � Nunavut 80.6 11 582 28

Indigenous status†

 � Indigenous overall 8.6 448 865 116

 � First Nations overall 9.1 285 825 78

 � First Nations on-reserve 20.2 105 445 64

 � Inuit 54.3 21 495 35

 � Other 0.8 n/a <5

 � Non-Indigenous 0.5 5 368 180 84

*Includes Newfoundland and Labrador, Prince Edward Island, Nova Scotia and New 
Brunswick. Fewer than five cases reported so incidence rate not calculated.
†Canada and province/territory-specific populations are averaged from 2013 to 2016 
StatsCan July 1 yearly population estimates. Indigenous Status-specific populations 
are taken from the 2016 StatsCan Census.

Table 3 Key exposure, epidemiologic and past tuberculosis 
historydata

Number (n) %

Source case (N=198)

 � Known 145 73

 � Unknown 53 27

Source case relationship (N=128)

 � First-degree relative 62 48

 � Second-degree relative 47 37

 � Friend 11 9

 � Other 8 6

Exposure type (N=140)

 � Close household 91 65

 � Close non-household 34 24

 � Casual 6 4

 � Visit to endemic country 7 5

 � Community/other <5 n/a

Source case case known resistance to first-line agents* (N=137)

 � Resistant 5 4

 � Not resistant 117 85

 � Not done or unknown 15 11

BCG vaccination (N=188)

 � Yes† 86 46

 � No 81 43

 � Unknown 21 11

Previous tuberculosis diagnoses or treatment

 � Latent tuberculosis, treated 17 8.5

 � Latent tuberculosis, untreated <5 n/a

 � Active tuberculosis, treated <5 n/a

 � Window prophylaxis <5 n/a

 � Unspecified/unknown anti-tuberculosis therapy <5 n/a

*All positive tuberculosis cultures in Canada undergo phenotypic drug-susceptibility 
testing. First-line agents are isoniazid, rifampin, pyrazinamide and ethambutol.
†For all children for whom immunisation status was known, BCG was received 
by 79% of Inuit children, 65% of First Nations children and 87% of foreign-born 
children.
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with an approximate incidence of rate of 1.6/100 000 from PHAC 
data15 and 1.9 in the Netherlands,16 2.0 in the UK17 and 0.7 per 100 
000 in the USA.18

There was wide variation across Canada geographically and 
by population origin of the cases. The most striking finding is the 
burden of TB in Indigenous children. In 2016, Indigenous people 
comprised 19% of all reported TB cases in all ages.15 Though 
Indigenous children accounted for less than 10% of Canada’s 
childhood population, 58% of reported TB was in this group. 
The rates in First Nations children (9.1 per 100 000 calculated 
from CPSP reported cases), especially those residing on reserve 
(20.2 per 100 000) are the drivers for childhood TB in the pro- 
vinces of Manitoba, which had the greatest absolute number of 
cases, and Saskatchewan. The rate in Inuit children (54.3/100 000 
population) is similar to reported childhood TB rates in high TB 
burden international settings.1 Furthermore, when Québec cases not 
reported to CPSP are included, the minimum incidence rate in Inuit 
children is likely greater than 100/100 000 per year. Additionally, 
five cases from Newfoundland and Labrador where 90% of PHAC 
reported cases are Inuit were reported to PHAC but not to the CPSP.

In recognition of this hugely disproportionate burden in Inuit 
peoples, there has been a recent focus by the national represen- 
tative organisation of Inuit peoples (Inuit Tapiriit Kanatami) and 
the Federal Government on social determinants of health and 
access to care as major contributors to TB in Inuit peoples18 and 
a pledge to reduce rates in Inuit Nunangat (the traditional terri-
tory of Inuit peoples in Canada) by 2030.19 A similar strategy and 
monitoring programme has been implemented by the Assembly 
of First Nations to focus on TB on First Nation reserves.19 The 
disproportionate burden of TB in Indigenous people in Canada 
has origins in the social determinants of health, historical trauma, 
the residential school system and racism within the healthcare 
system.20 Reducing and eliminating TB in Indigenous communi-
ties through Indigenous-led and community-relevant approaches 
are the most urgent priorities for achieving elimination of child-
hood TB in Canada.

In keeping with other studies, most cases occurred in chil-
dren under 5 years of age, reflecting the unique vulnerability of 

young children to TB.21 There was a known TB contact in 82% of 
Canadian-born children, reinforcing the importance of contact 
tracing and a public health infrastructure to diagnose and prevent 
TB in Canada. Only 18% of foreign-born children had a known 
contact; most of them likely acquired TB infection in the country 
of birth or by travel to a higher TB endemic country after arrival 
in Canada.

Presenting symptoms were non-specific but most children were 
symptomatic for more than 2 weeks. Haemoptysis and the classic 
triad of weight loss, fever and night sweats was uncommon. This 
study highlights acuity and health system costs of childhood TB. 
About half of children were hospitalised and 5.5% were known to 
be admitted to ICU. TB meningitis, a condition associated with 
poor outcomes22 was the most common extrapulmonary site 
occurring in 8% of cases overall and 14% of reported disease in 
Inuit children. Of the children with meningitis with known BCG 
status, 7 (54%) had received the BCG vaccine.

A strength of this study was inclusion of clinicians managing 
cases through a cross-Canada collaborative network. While 
monthly surveys of clinicians are labour-intensive, it is possible 
to obtain rich epidemiologic and clinical data that is not possible 
through public health reporting. However, it has several limita-
tions including voluntary reporting with some cases not captured. 
The largest discrepancy between the reported number of CPSP 
and PHAC cases was in Québec. Due to under-reporting, the 
representativeness of the acuity of cases cannot be confirmed, 
though minimum rates have been estimated. Follow-up data 
was less well reported than the initial incident case. Reasons for 
missing follow-up data included the reporting physician was not 
the physician who provided longer term care, the physician did 
not consent to being recontacted or the physician did not respond. 
Due to CPSP privacy rules, results with size <5 cannot be shown, 
which limits the description of rare outcomes. We captured region 
of residence and of diagnosis, however, these may not reflect the 
region of disease acquisition. We are not able to determine which 
cases were identified via a symptomatic child presenting to care 
versus via contact tracing nor were we able to determine clinical 
details of prior TB infection. Our surveillance asked only which 
drugs TB isolates were resistant to, not all drugs tested. The deter-
mination of TB acquired during travel used dates of travel to an 
endemic country, contact history and onset of disease, however, 
infection may have been acquired at another time. We recommend 
that future national surveillance and statistics about childhood TB 
should include detailed data about indigenous status, source case 
characteristics, prior infection and travel.

CONCLUSION
This surveillance study identified 200 incident cases of child-
hood TB over 3 years. Acuity of illness and resource utilisation 
were high. Most cases had a known source case. Outbreaks of 
childhood TB in low TB burden countries are best prevented 
by prompt identification of source cases, and evaluation and 
treatment of their contacts and require a well-functioning 
public health infrastructure and good contact tracing. Key 
geographies and groups have very high incidence rates of 
childhood TB that are comparable with highly endemic coun-
tries. Strong community and public health engagement are 
required to reduce disparities and achieve elimination of 
childhood TB in Canada.
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RESUMO
Objetivo O diagnóstico da apneia obstrutiva do sono (AOS) 
é realizado através de polissonografia noturna (PSG). Dada 
a disponibilidade generalizada da tecnologia de vídeo smar-
tphone, o nosso objetivo foi desenvolver e testar um sistema 
de pontuação padronizado para vídeos de smartphone e 
comparar estas pontuações com os resultados da PSG.
Métodos Foram incluídas crianças com idades compreen-
didas entre os 1-16 anos de idade submetidas a PSG 
devido a suspeita de AOS. Foi pedido aos pais que fizessem 
vídeos de 1-2 minutos da respiração com a qual estavam 
preocupados. Os vídeos foram classificados usando uma 
ferramenta recentemente desenvolvida e testada em cinco 
componentes: ruídos obstrutivos inspiratórios (1-4), pre-
sença de eventos obstrutivos (0-1), aumento do trabalho 
respiratório (0-1), respiração bucal (0-1) e extensão do pes-
coço (0-1). As pontuações do vídeo e o Índice de Hipopneia 
da Apneia Obstrutiva (IHAO) foram comparados utilizando 
a correlação de Spearman. Sensibilidade, especificidade, 
valor preditivo positivo e valor preditivo negativo foram 
calculados para diferentes pontuações de corte de modo a 
obter os melhores resultados.
Resultados Foram incluídos vídeos de 43 crianças (28 rapa-
zes (65,1%), idade média de 5,7 anos (intervalo 2,6-14,0 
anos), IHAO mediano de 3,8/hora (intervalo 0-82 eventos/
hora). Nove crianças (20,9%) obtiveram uma pontuação de 
vídeo <3, todas com um IHAO ≤5 eventos/hora. Para uma 
pontuação de vídeo ≥3, a sensibilidade foi de 100%; a espe-
cificidade foi de 36%; o valor preditivo positivo foi de 53%; o 
valor preditivo negativo foi de 100% para a AOS moderada 
a grave (IHAO >5 eventos/hora).
Conclusão Desenvolvemos e validámos uma ferramenta 
clínica simples (a Pontuação de Vídeo de Apneia Obstrutiva 
do Sono Monash) para quantificar anomalias na respiração 
observadas em gravações de vídeo curtas realizadas em 
smartphone. Uma pontuação baixa exclui AOS moderada 
e grave e pode ser valiosa na triagem de crianças com 
sintomas de AOS.

INTRODUCTION 
Obstructive sleep apnoea (OSA) affects up to 5.7% 
of children.1 OSA is associated with sleep fragmen-
tation and/or recurrent desaturation, which can have 
many negative health effects,2 including impairments 
in behaviour and cognition and increased blood pres-
sure.3–5 The current gold standard for diagnosis of 
OSA is polysomnography (PSG).1 Overnight PSG is 
a limited resource6 and can be challenging to under-
take in young children. Reliable alternatives to PSG 
have the potential to improve the timely diagnosis and 
treatment of children with OSA symptoms.

More than 80% of the Australian, US and UK 
populations have access to a smartphone.7–9 Smart-
phones can record high-definition video under low 
light conditions. Increasingly, parents bring smart-
phone videos to specialist clinics to illustrate their 
concerns regarding their child’s breathing during 
sleep. Only one study has previously examined 
the use of videos to predict the severity of OSA in 
children10 using a scoring system for 30 min home 
video recordings that assessed the volume of inspi- 
ratory noises, type of inspiratory noise, movements 
during sleep, number of waking episodes, number of 
apnoeas, chest retractions and mouth breathing. The 

score was compared with PSG findings and had a 
sensitivity of 94% and a specificity of 68%. Although 
this result was promising, this technology is now 
outdated and the duration of recording is impractical 
for use in a routine outpatient setting. Much shorter 
videos taken on a smartphone may be helpful for 
primary care physicians, otolaryngologists, paediatri-
cians and sleep medicine practitioners if they could 
be shown to reliably predict the results of PSG.

The aim of this study was to develop a standardi- 
sed scoring system for short smartphone videos and 
to test if that score predicted the results obtained 
from overnight PSG, the current gold standard. We 
hypothesised that a standardised scoring system of 
smartphone video recordings would predict a PSG 
diagnosis of OSA.

MATERIALS AND METHODOLOGY
Development of the scoring tool
We devised a video scoring tool based on the 
previous home video-recording study.10 Several 
changes to the tool were then made in an iter-
ative process of comparing the results between 
four scorers (two paediatric sleep physicians, one 
paediatric respiratory physician and one paediatric 
sleep medicine trainee) for four test videos and 
discussing points of difference. Correlation analysis 
was then undertaken between three paediatric sleep 
physicians and one sleep medicine trainee scoring 
16 videos, using a preliminary version of the scoring 
tool (online supplemental table 1). Individual ques-
tion responses and the total score were assessed for 
inter-rater reliability using intraclass correlation 
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What is already known on this topic?

uSymptoms of obstructive sleep apnoea 
affect many children but formal diagnosis 
requires overnight polysomnography in a 
sleep laboratory.

uThirty-minute home video recordings have 
a high sensitivity but poor specificity for 
the presence of obstructive sleep apnoea 
(OSA) as defined by polysomnography .

What this study adds?

uOur study is the first study to examine 
the utility of short smartphone videos to 
aid in the diagnosis of OSA. We present 
a simple clinical tool to quantify signs of 
obstructed breathing during sleep in chil-
dren as seen on short video recordings 
made on a smartphone. A low Monash 
Obstructive Sleep Apnoea Video Score 
rules out moderate to severe OSA.

uThe Monash Obstructive Sleep Apnoea 
Score may be valuable in the triage of chil-
dren with obstructive sleep-disordered 
breathing.
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Video collection
Parents were instructed to take a video on their smartphone of their 
child asleep that was approximately 1 min in duration and captured 
the breathing pattern that they were concerned about. Instructions 
included to try and obtain a close up of child’s head and chest, 
exposing the chest as much as possible, with no background noise 
and as much background light as possible. The parents were asked 
to send the video to the research team by email. Videos were stored 
securely under individual deidentified codes.

Polysomnography
All children underwent attended overnight PSG performed in the sleep 
laboratory using a commercially available PSG system (Grael PSG; 
Compumedics, Melbourne, Australia). Recording included electro-
encephalograms (central, frontal and occipital), left and right electro-
oculograms, mental–submental and left and right tibial electromyograms, 
ECG, body position, infrared video, respiratory effort (z-RIP belts; Pro-
Tech Services, Mukilteo, Washington, USA), oxygen saturation (Masimo 
Radical set to 2 s averaging time; Masimo Corporation, Irvine, California, 
USA) and transcutaneous carbon dioxide (Sentec AG, Therwil, Swizer-
land). PSGs were scored by sleep technologists using standard criteria.12 
The following respiratory indices were calculated from the PSG: Respira-
tory Disturbance Index, which included all respiratory events (central 
and obstructive); Obstructive Apnoea Hypopnoea Index (OAHI), which 
included obstructive apnoeas and hypopnoeas and mixed apnoeas; and 
Central Apnoea Hypopnoea Index, which included central apnoeas and 
hypopnoeas. Severity of OSA was defined by the OAHI as per interna-
tionally recognised thresholds: primary snoring ≤1 event/hour, mild 
OSA 1.1–5.0 events/hour and moderate–severe OSA >5 events/hour.13 
Total sleep time (TST) was the time in minutes that the patient spent 
asleep. The Arousal Index was the total number of arousals from sleep 
per hour of TST.

Scoring the video
For the prospective study, the videos were scored by a single expe-
rienced paediatric sleep physician (MJD) blinded to the clinical 
history and PSG results (scoring tool table 1). The scorer’s overall 
impression was also documented: normal, possible OSA or highly 
suggestive of OSA. Scoring each video took approximately 2 min, 
allowing for viewing of the video twice. Technically poor videos 
were excluded if a score for any of the five scoring criteria could not 
be given, for example, too dark, no sound or inadequate exposure 
(not enough of the child could be seen on the video), or if the PSG 
included less than 5 hours TST.

Data analysis
Data were analysed using SPSS Statistics for Windows V.25.0. 
Spearman correlations were performed between all the scored 
variables and OAHI. Sensitivity, specificity, positive predictive 
value and negative predictive value were calculated for different 
cut-off scores to identify the best cut-off video score for detecting 
moderate–severe OSA.

Ethics statements
Written informed consent was obtained from all DNBC partici-
pants prior to data collection. Children born into the cohort partici- 
pated on their mother’s consent until age 18 years. Participants 
could withdraw their data from the cohort at any time (currently 
<20 mothers and children).29

RESULTS
During the first phase of recruitment, 17 children provided videos, 
but only nine videos could be used as 7 children did not go on to 
have a PSG and one video was too dark. During the second phase, 
201 children were identified as eligible, of whom 160 (80%) could 
be contacted and gave verbal consent. Written consent on the night 
of PSG was provided by 115 (72%) families (14 cancelled PSG; 29 
decided not to provide written consent; and 2 were deemed ineligible 
when further information came to light on the night of the PSG). 
However, only 50 videos were received (50/115=43%), of which 15 
(30%) had to be excluded as the videos were of poor quality and 
one child did not tolerate EEG recordings and so was excluded for 

coefficients (ICCs), with a two-way, random-effects model with 
measures of absolute agreement. Two videos were considered by 
all raters to be too dark for adequate assessment, leaving 14 videos 
(seven female, median age 4 years, range 1–9 years, video duration 
range 00:20–02:43 min) to be scored. The original scoring tool 
had an ICC=0.74 (95% CI 0.54 to 0.87) demonstrating moderate 
reliability.11 Analysis of each question highlighted a lower ICC for 
‘inspiratory noises’, and so this was modified to a Likert-type scale 
to better capture the ordinal assessment of this symptom. The final 
scoring tool is shown in table 1. Repeat scoring by the original four 
raters had an ICC of 0.92 (95% CI 0.83 to 0.97), demonstrating 
excellent reliability.11

Prospective validation of the scoring tool
Recruitment
To determine the required sample size, we conservatively consi-
dered a difference in proportions of OSA of 80% in the abnormal 
video group and 30% in the normal video group, giving a sample 
size estimate of 42 (14 normal video and 28 abnormal video) for 
power of 0.8 and confidence level of 0.95.

Typically developing children aged 1–16 years undergoing PSG 
for suspected OSA were eligible. Exclusion criteria were major 
medical comorbidities, non-English speaking parents or parents 
without an email address to use to submit the video.

Recruitment was from January 2016 to December 2019 and 
occurred in two phases. During the first phase to May 2019, recruit-
ment occurred during sleep clinic consultations. However, due to 
both low recruitment numbers and the waiting time between 
clinic appointment and PSG having increased to 6 months, the 
protocol was altered. During the second phase, consecutive parents 
of eligible children were approached by phone in the week prior 
to their child’s PSG. Following informed verbal consent, recruited 
families were asked to bring a short smartphone video on the night 
of the PSG.

Table 1  The Monash Obstructive Sleep Apnoea Video Score

Instructions
Possible 
scores

This scoring system is designed to quantify signs of obstructed breathing 
when viewed on a smartphone video recording taken in a child’s home 
when the child is asleep.
Parents are asked to take a video approximately 1 min in duration, taken 
when the child’s breathing is typical of what they are concerned about. It 
should be a close up of the child’s head and chest, exposing as much as 
possible, with no background noise and using as much light as possible.
Please select the number corresponding to what can be observed on the 
video for each question.

1. Inspiratory noises
Please select the most severe noise heard during the recording—noting 
that obstructed breathing noises can be quiet if they are very severe

1–4

Quiet unobstructed 
breathing

Severe obstructed noise

2. Presence of obstructive events
An obstructive event is an absence or reduction of airflow despite 
ongoing effort of breathing and terminated by a breakthrough gasp, 
obstructive noise and/or movement.

	► Absent (0).
	► Present (1).

0–1

3. Evidence of increased work of breathing
Evidence of accessory muscle use, nasal flaring, significant indrawing 
and/or paradoxical respiratory movements

	► Absent (0).
	► Present (1).

0–1

4. Mouth breathing
	► Absent (0).
	► Present (1).

0–1

5. Neck extension
	► Absent (0).
	► Present (1).

0–1

Total score /8
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inadequate PSG data. Therefore, videos for 43 children (a participa-
tion rate of 37%) were included in the analysis (table 2). There were 
28 males(65.1%), and the median age was 5.7 years (range 2.6–14.0 
years). The median OAHI was 3.8 events/hour (range 0–82 events/
hour), with 11 children (25.6%) having primary snoring, 14 (32.6%) 
mild OSA and 18 (41.9%) moderate–severe OSA.

The distribution of video score by PSG results is shown in figure 1. 
No child received the maximum score of 8. Different cut-off scores 
were explored to determine the best sensitivity and specificity. Nine 
children out of 43 (20.9%) had a score of <3, all of whom had an OAHI 
of ≤5 events/hour (primary snoring-mild OSA). For a total video score 
of ≥3, the sensitivity was 100% (95% CI 82% to 100%); the specificity 
was 36% (95% CI 18% to 58%); the positive predictive value was 53% 
(95% CI 35% to 70%) and the negative predictive value was 100% 
(95% CI 66% to 100%) to predict moderate–severe OSA (OAHI >5 
events/hour) (area under the curve revealed poor overall reliability at 
0.68). Three children had a high videos score (5–7) but an OAHI of <1 
event/hour. The videos for these children were reviewed by the inves-
tigators and were confirmed to contain obstructed inspiratory sounds, 
increased work of breathing and the presence of obstructive events. 
Two of the three had no sleep in the supine position on the PSG, which 
may have resulted in an underestimation of the severity of OSA.

The extent to which the individual questions on the video score 
correlated with OAHI was variable when assessed using Spearman’s 
rho (table 3), with ‘mouth breathing’ having the weakest linear relation-
ship, ‘inspiratory noises’ a moderately significant positive association 
and ‘increased work of breathing’ a weakly significant positive asso-
ciation. The ‘overall impression of the scorer’ also indicated a modera- 
tely significant positive association with OAHI (rs(41)=0.42, p=0.005) 
(table 3). An overall impression of ‘highly suggestive of OSA’ (n=15) had 
a very low positive predictive value of 53% for the presence of moderate–
severe OSA. Conversely, and similarly to the performance of the video 
score, of the 10 children with an overall impression of ‘normal’ from the 
scoring clinician, 9 did not have moderate–severe OSA.

DISCUSSION 
This is the first study investigating the relationship between short 
smartphone videos and the presence and severity of OSA confirmed 
by PSG in children. We have developed a standardised test instrument 
with a scoring system for videos that achieved excellent inter-rater reli-
ability between paediatric sleep physicians. A score of ≥3 on this new 
tool had 100% sensitivity for the presence of moderate–severe OSA on 
PSG, but the specificity and positive predictive value of the score were 
low. A score below 3 therefore reliably rules out moderate–severe OSA 
in this population of children referred for PSG, but a higher score does 

not confirm the diagnosis. Similarly, an overall impression of normal 
from the scoring clinician reliably ruled out moderate–severe OSA.

The majority of children with symptoms of obstructed breathing 
during sleep are referred to an otolaryngologist for assessment, with less 
than 10% of children having PSG prior to adenotonsillectomy (AT) in 
the USA,14 one of the countries with the highest availability of PSG.15 
Recruitment for the largest randomised controlled trial of AT for OSA 
to date revealed that half of the children waiting for AT did not have 
OSA defined as an OAHI of >2 events/hour.16 Observation for 6 months 
leads to equivalent improvement in the OAHI as AT in children aged 
2–4 years with mild–moderate OSA,17 and this would be expected to 
be true also for children with primary snoring. Therefore, a tool with a 
high negative predictive value, applicable to primary care or outpatient 
surgical settings, such as the video score presented here, has the poten-
tial to reduce referral for AT, especially when used in conjunction with a 
detailed clinical history of sleep-related symptoms.17 18

The value of the video score in ruling out OSA depends on the validity 
of the OAHI as a method for defining OSA. The utility of this single 
outcome measure from PSG to predict both the severity of symptoms 
and the benefit of surgery has been questioned for both adults19 and chil-
dren.6 18 Despite this limitation, division of the condition into primary 
snoring/mild OSA compared with moderate/severe OSA (OAHI>5 
events/hour) is becoming widely recognised as a reasonable threshold 
for the indication of AT based on the results of randomised controlled 
trials.16 17 Given that symptoms of obstructive sleep-disordered breathing 
affect about 10% of children,20 rationalising the use of both PSG and AT 
is helpful in allocating resources to those most likely to benefit.

We based the concept for this study on the only other report of video 
recordings used in this way in children, published in 1996.10 In that 
study, parents supplied a 30 min home video-recording for analysis, 
considerably longer than those used in our study, but despite the longer 
recording duration, our results show similar findings, with a high 
sensitivity but low specificity. Both methods rely on parents being able 
to take a good quality video of their child sleeping and our study intro-
duced the extra step of transmitting a large video file electronically 
for analysis. Obtaining smartphone videos proved to be more difficult 

Table 2  Demographic details of study participants, their video 
recordings and PSG results

Participant details (n=43) Summary statistics

Gender (female) 15 (35)

Age (years) at PSG 5.7 (2.7–14.0)

Video recordings

 � Duration <1 min 19 (44)

≥1 and <5 min 23 (53)

≥5 min 1 (2)

 � Night-time recording 39 (91)

 � Good quality* 38 (88)

Polysomnography results

 � RDI (events/hour) 4.9 (0.1–85.9)

 � OAHI (events/hour) 3.8 (0–82)

 � CnAHI (events/hour) 1.6 (0–6)

Total Arousal Index (events/hour) 13.5 (8.5–28)

Summary statistics are presented as n (%) or median (range).
*In five cases, there was concern about assessment of work of breathing due to coverage, 
light and duration of video, but judged sufficient to enable a score to be applied.
CnAHI, Central Apnoea Hypopnoea Index; OAHI, Obstructive Apnoea Hypopnoea Index; 
PSG, polysomnography; RDI, Respiratory Disturbance Index.

Figure 1  Distribution of Monash OSA Video Score by 
polysomnography results. White bars indicate OAHI of <1/hour; grey bars 
indicate OAHI of 1–4.9/hour; black bars indicate OAHI of ≥5/hour. OAHI, 
Obstructive Apnoea Hypopnoea Index.

Table 3  Spearman correlation of the scoring tool questions with the 
Obstructive Apnoea Hypopnoea Index from polysomnography

Variable rs P value

Inspiratory noises 0.432 0.004

Obstructive events 0.246 0.11

Increased work of breathing 0.303 0.048

Mouth breathing 0.009 0.96

Neck extension 0.152 0.33

Overall impression 0.424 0.005
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than we had anticipated, as evidenced by the large dropout rate (73%) 
from phone consent to completion of the study. Some parents who 
gave consent but did not provide a video reported being concerned 
about disturbing the child or having difficulty capturing the breathing 
pattern of concern for other reasons. The sleeping position of the child 
likely also contributed to discordance between the video findings and 
the result of the PSG. Parents are also most likely to record the video 
before they go to bed themselves (or during the day as in some younger 
children in our series), and therefore may not capture rapid eye move-
ment (REM) sleep. OSA is often REM sleep-related in young children 
especially21 and may thus be concentrated in the latter half of the night. 
This mismatch of the timing of the video versus the timing of obstruc-
tive events is likely to lead to an underestimation of OSA by the video 
score. However, in fact, our findings showed the reverse—a number of 
children with a high video score despite primary snoring or mild OSA 
on PSG. This finding suggests that parents may be videoing events that 
concerned them (as per the instructions and as confirmed by the video 
scores), when these events may be rare, position dependent or variable 
night-to-night and not captured by the single night of PSG.

As mentioned previously, our study is limited by comparison of the 
video score only to OAHI, the most common measurement of OSA 
severity used in assessment of alternative tools to PSG. Additional 
evidence for the tool’s utility could be obtained by using a patient-
centred outcome such as quality of life and the extent of improvement 
in that measure after AT, to determine whether the video score is a useful 
adjunct in determining children likely to benefit most from surgical 
treatment. Our single-site study was limited to children referred for PSG 
and used a group of clinicians working in the same department as scorers 
in development of the scoring tool, and repeating the study in primary 
care or a surgical outpatient setting would test its potential applicability 
to other populations of children and a wider range of scorers.

In summary, we have developed and validated a simple clinical tool 
to quantify abnormalities in breathing seen on short video recordings 
made on a smartphone. A low score on this tool rules out moderate to 
severe OSA and may be valuable in the triage of children otherwise 
referred for PSG. Future studies should determine the performance of 
this tool in other settings and in predicting benefit from AT as treat-
ment of OSA.
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RESUMO
Fundamentação A DPOC pode ser avaliada através de 
sistemas de classificação multidimensional com componen-
tes de três domínios: testes de função pulmonar, sintomas e 
características sistémicas. Clinicamente, as medidas podem ser 
usadas de forma intercambiável, embora não seja conhecido 
se partilham uma patobiologia similar.
Objetivo Utilizar a sequência de ARN (RNA-seq) para 
determinar se existe uma sobreposição nos mecanismos e 
consequências biológicos subjacentes a conduzir diferentes 
componentes dos sistemas de classificação multidimensional.
Métodos No estudo de Epidemiologia Genética da DPOC, 
foi recolhido sangue inteiro para a RNA-seq de fumadores 
atuais e ex-fumadores. Testámos a sobreposição na expressão 
genética e vias biológicas associadas ao estado de caso-con-
trolo e aos fenótipos quantitativos da DPOC dentro e entre 
os três domínios.
Resultados Em 2647 indivíduos, verificaram-se 3030 genes 
diferentemente expressos em qualquer dos três domínios ou 
estado de caso-controlo. Cinco genes sobrepuseram-se entre 
os três domínios e o estado de caso-controlo, incluindo o rece-
tor acoplado à proteína 15 (GPR15), a sestrina 1 (SESN1) e 
a proteína de ligação ao guanilato 1 induzida por interferão 
(GBP1), que foram associados ao declínio longitudinal da 
FEV1. A sobreposição entre os três domínios foi enriquecida 
para as vias relacionadas com os componentes celulares.
Conclusões Identificámos conjuntos de genes e vias que se 
sobrepõem entre 12 fenótipos relacionados com a DPOC e o 
estado de caso-controlo. Não se registaram vias representadas 
na sobreposição entre os três domínios e o estado de caso-con-
trolo, mas identificámos múltiplos genes que demonstraram um 
padrão de expressão consistente em vários dos fenótipos. Os 
padrões de correlação da expressão dos genes foram no geral 
semelhantes à correlação dos fenótipos clínicos nos domínios 
de TFP e sintomas, mas não às características sistémicas.

BACKGROUND
The assessment of severity in COPD has evolved 
dramatically over the last several decades. While COPD 
severity was initially characterised by the degree of 
airflow obstruction based on FEV1, with arbitrary 
thresholds to define severe disease, multidimensional 
grading systems have since been incorporated into 
clinical care.1 The components of the multidimen-
sional grading systems broadly fall into three categories: 
pulmonary function tests (PFTs), symptom evaluations 
and systemic features. While many of the measures are 
used complementarily,2 it is unknown if there exists a 
similar overlap in the genetics and biological pathways 
that underlie the observed phenotypes.

Gene expression microarrays and RNA sequencing 
(RNA-seq) in multiple tissues have been used to iden-
tify and characterise COPD. In addition, differentially 
expressed genes and pathways have been shown to 
overlap across matched disease-associated tissue types 
in COPD.3 Accordingly, blood RNA-seq has been used 
as a proxy to identify differential gene expression in 
multiple COPD-related phenotypes.4–6 However, 
several clinically relevant phenotypes, including those 
used in multidimensional grading systems, have not 
been explored using RNA-seq.

We hypothesised that the three domains (symp-
toms, PFTs and systemic features) of multidimensional 
grading systems used clinically to assess disease severity 
would have overlapping gene expression profiles. 
Furthermore, we investigated how gene expression 
from these three domains overlap with gene expression 
in COPD cases versus controls to enrich for associated 
genes in the context of COPD. We analysed overlapping 
gene expression profiles and pathways associated with 
12 phenotypes, chosen for their role in clinical practice 
and in multidimensional grading systems, from the 
Genetic Epidemiology of COPD (COPDGene) study. 
The traits of interest include FEV1, FVC, FEV1:FVC 
ratio, diffusion capacity of carbon monoxide (DLCO), 
Body Mass Index (BMI), 6 min walk distance (6MWD), 
resting arterial oxygen saturation (SaO2), haemoglobin 
(Hgb) concentration, Modified Medical Research 
Council (MMRC) Dyspnoea Scale, St. George’s Respira-
tory Questionnaire (SGRQ), COPD Assessment Test 
(CAT), and presence or absence of chronic bronchitis. 
In addition, we tested the association of genes iden-
tified cross-sectionally with longitudinal changes in 
disease severity. By exploring the biology common to 
the components of multidimensional grading systems, 
we sought to build a foundation to understand mecha-
nisms underlying COPD heterogeneity, which may 
inform diagnosis, prognosis and treatment.

METHODS
Subjects
The COPDGene study is a longitudinal, multicentre 
observational study designed to identify genetic 
factors associated with COPD.7 Subjects had a history 
of smoking of at least 10 pack-years and were 45–80 
years old at the time of enrolment. Subjects partici-
pated in follow-up visits of 5 and 10 years. Additional 
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Key messages

What is the key question?
uCan we use RNA sequencing to identify 

overlap in the biological mechanisms 
underlying multiple COPD-related phe-
notypes used to assess clinical severity of 
COPD?

What is the bottom line?
uThere are five genes that overlap between 

several phenotypes and are associated with 
disease progression.

Why read on?
uWe present the results of the largest sam-

ple size in a COPD gene expression study 
and demonstrate a unique set of genes 
overlapped between multiple clinically 
relevant phenotypes that is also associated 
with disease progression.
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details regarding study protocol, inclusion criteria and data collec-
tion forms are available online (www.copdgene.org).

Data collection
Study subjects completed multiple questionnaires, including MMRC 
Dyspnoea Scale, SGRQ and CAT. Subjects completed a standard spiro-
metry protocol before and after inhaled albuterol, DLCO and 6MWD. 
Other parameters assessed include BMI, SaO2 via pulse oximetry and Hgb.

RNA sequencing
A subset of subjects who participated in the 5-year follow-up visit 
had whole blood collected in a PaxGene RNA tube. Total RNA was 
extracted and sequenced on an Illumina HiSeq. Details of RNA-seq 
methods have been published.8

Case definitions
COPD was defined as post-bronchodilator FEV1 to FVC ratio of 
<0.70 and FEV1 <80% predicted, corresponding to the Global Initi-
ative for Obstructive Lung Disease (GOLD) spirometry grades 2–4. 
Control subjects were defined as postbronchodilator ratio of ≥0.70 and 
FEV1 ≥80% predicted, previously termed GOLD 0 in COPDGene.9 
The PFT domain included postbronchodilator measures of FEV1 % 
predicted, FVC % predicted, FEV1:FVC ratio and DLCO % predicted. 
The symptom domain included SGRQ total score, MMRC score, 
CAT score and presence of chronic bronchitis by the ATS/ERS defi-
nition.10 11 The systemic domain included 6MWD, BMI, SaO2 and Hgb. 
We defined overlapping gene sets by the intersection of differential 
expression results across phenotypes within each domain, which were 
then intersected across the different domains. We intersected these 
results with COPD case–control status to determine disease relevance.

Statistical analysis
Prior to analysis, genes with fewer than one count per million in more 
than 50% of the sample size were excluded. Differential gene expres-
sion was performed using the R/Bioconductor packages limma and 
voom,12 where the associations between transcript expression levels 
and the pulmonary function, symptom and systemic phenotypes 
were tested. With the exceptions of case–control status and pre- 
sence or absence of chronic bronchitis, all outcomes were considered 
as quantitative traits. Models were adjusted for clinical covariates 
previously shown to affect gene expression, as well as white blood 
cell percentages, as summarised in online supplemental table 1 in 
the online data supplement.8 13 14 Surrogate variables used to estimate 
other latent effects were included in all models as covariates, using 
the sva package.15 Multiple testing was controlled for false discovery 
rate (FDR)<5%. Venn diagrams were performed using the VennDia-
gram package.16 Pathway analysis was conducted using the Database 
for Annotation, Visualisation, and Integrated Discovery Functional 
Annotation Tool.17 Spearman correlation matrices between the cli- 
nical outcomes and between the adjusted log fold changes of diffe- 
rentially expressed genes in each clinical outcome were visualised 
using heatmaps created using the ggplot2 package.18

RESULTS 
Subject characteristics
The COPDGene study included 10 198 subjects with a history of current 
or former smoking. Whole-blood RNA-seq was available on 2647 
subjects who attended a 5-year follow-up visit (table  1). The average 
age was 65 years with a slight predominance of male subjects. Three-
quarters of the subjects were non-Hispanic white, and one-quarter were 
African–American. Study subjects were mostly former smokers, with 
35.7% of the subjects as current smokers at the time of the study visit.

Differential gene expression and pathway analysis
Subjects were excluded from an analysis if they were missing data on 
the phenotype of interest or model covariates (online supplemental 
table 1). Differential gene expression analysis was performed for 12 
clinical phenotypes as well as COPD case–control status. There were 
3030 genes that were differentially expressed (FDR<5%) in any of the 
three categories—PFT (564 genes), symptoms (376) or systemic effects 
(2560)—or case–control status (135) (figure  1 and online supple-
mental tables 2–14). FEV1, SGRQ and BMI had the most differentially 
expressed genes in their respective domains, contributing the most 

information to the domain gene set. There were five genes that over-
lapped between the three categories and case–control status, including 
G protein-coupled receptor 15 (GPR15), sestrin 1 (SESN1), interferon-
induced guanylate-binding protein 1 (GBP1), rearranged L-myc fusion 
(RLF) and hepatic leukaemia factor (HLF) (table 2).

Increased SESN1 expression was associated with less severe disease, 
demonstrated by positive associations with multiple PFT phenotypes 
and 6MWD, and negative associations with symptom scales and 
case–control status. HLF expression was similarly positively associ-
ated with one systemic phenotype (BMI) and one PFT phenotype 
(FEV1:FVC ratio), with corresponding negative associations with 
symptom scores and COPD case–control status. Conversely, expres-
sion of RLF, GBP1 and GPR15 was associated with more severe 
disease. These genes had negative associations with systemic (except 
BMI) and PFT phenotypes and corresponding positive associations 
with symptom phenotypes and COPD case–control status.

There were 111 genes that overlapped between the three domains. The 
pathways represented by the genes in the overlap of the three domains 
included phosphoproteins, polymorphism and cytosol (table 3).

There were also 280 genes that overlapped between the PFT cate-
gory and the systemic category, in contrast to 157 and 226 genes 
that overlapped between PFT and symptom categories and systemic 
and symptom categories, respectively. Within the PFT domain, there 
were 108 genes overlapping between FEV1 and FVC and 120 genes 
overlapping between FEV1 and FEV1:FVC ratio (figure 1). There were 
only 14 genes overlapping across all three spirometry measures. Only 
two of these genes also overlapped with DLCO. The largest overlap 
in the symptom category was between SGRQ and CAT, consisting of 
62 genes (figure 1), while there were only 28 genes that overlapped 
between SGRQ and MMRC. Within the symptom domain, there were 

Table 1  Phase II RNA sequencing subject characteristics

Characteristics Mean (SD) or n (%)

n 2647

Age (years) 65.5 (8.6)

Male sex 1366 (51.6)

Non-Hispanic white 1980 (74.8)

African–American 667 (25.2)

Current smoker 941 (35.7)

Smoking pack-years 44.1 (23.9)

GOLD stage

 � PRISm 331 (12.7)

 � Normal spirometry 1128 (43.4)

 � GOLD 1 258 (9.9)

 � GOLD 2 522 (20.1)

 � GOLD 3 254 (9.8)

 � GOLD 4 105 (4.0)

FEV1 % predicted, postbronchodilator 78.5 (24.2)

FEV1:FVC ratio, postbronchodilator 0.68 (0.15)

FVC % predicted, postbronchodilator 87.0 (17.6)

DLCO % predicted 78.2 (22.3)

BMI (kg/m2) 29.0 (6.3)

Haemoglobin (mg/dL) 13.9 (1.5)

Resting SaO2 (%) 96.1 (2.7)

6 min walk distance (ft) 1310.9 (440.4)

SGRQ total score 22.1 (20.4)

MMRC dyspnoea score 1.2 (1.4)

COPD Assessment Test 11.4 (8.3)

Data presented as mean (SD) or %.
BMI, Body Mass Index; DLCO, diffusing capacity of carbon monoxide; GOLD, Global 
Initiative for Obstructive Lung Disease; MMRC, Modified Medical Research Council; 
PRISm, preserved ratio impaired spirometry; SaO2, arterial saturation of oxygen; 
SGRQ, St. George’s Respiratory Questionnaire.
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279 genes exclusively differentially expressed in the SGRQ pheno-
type, more than all the other phenotypes and overlaps combined. 
Chronic bronchitis had two genes that overlapped with CAT; no 
genes overlapped with MMRC; and only four genes overlapped with 
SGRQ. Within the systemic domain, there were 1152 genes differen-
tially expressed in association with Hgb, yet there were no genes that 
were unique to Hgb (figure 1). The largest overlap between any two 
phenotypes in the three domains was between Hgb and BMI, with 
1051 overlapped genes. There were 32 pathways over-represented 
by the genes overlapping between Hgb and BMI, including several 
cellular processes and components, as well as immune pathways, 
such as host–virus interaction (table 3).

Spearman correlations between the clinical variables (figure 2A) 
and the differential gene expression (figure  2B), quantified by the 
adjusted log fold changes, for each of the outcomes are shown in 
figure  2. Chronic bronchitis was not included, given binary varia-
bles are not suitable for this analysis. Among the clinical variables, 
the symptom measures were positively correlated with each other, 
as were the PFT measurements. As expected, the symptom scores 
and PFT variables were negatively correlated. The systemic measu- 
res were positively correlated with PFT measures and had a weak 
positive correlation with each other. There was mixed correlation 
between the symptom measures and systemic measures; SGRQ and 
CAT were weakly positively correlated with the systemic measures, 
while MMRC was negatively correlated with Hgb and resting SaO2 
and mildly positively correlated with BMI.

Similar to the clinical variables, the gene expressions in the 
symptom and PFT categories were positively correlated within 
each domain but negatively correlated across the two categories. In 
contrast, while the phenotypes in the systemic category were posi-
tively correlated, the gene expression within the systemic category 
were negatively correlated. In addition, resting SaO2 and Hgb were 
negatively correlated with the symptom phenotypes, while BMI was 
positively correlated.

Longitudinal lung function decline
There were 960 subjects from the phase II RNA-seq subset who 
completed the phase III (10-year) follow-up visit (table 4). The subjects 
who completed the phase III visit had a higher proportion of female 
subjects and a lower proportion of current smokers. In addition, the 
phase III subjects were slightly younger on average than expected, such 
that the average age was under 5 years older than the 5-year follow-up 
cohort. We tested the five genes in table 2 for association with lung func-
tion decline, defined by change in FEV1 % predicted. After adjusting for 
age, race, gender, smoking status, smoking pack-years and baseline FEV1 
% predicted, increased expressions of GPR15, SENS1 and GBP1 were 
associated with greater decline in FEV1 % predicted at phase III (online 
supplemental table 15). There was no significant effect of RLF and HLF 
on change in FEV1 % predicted at phase III.

DISCUSSION
Using whole-blood RNA-seq on 2647 subjects from the phase II visit 
of the COPDGene Study, we identified unique gene sets for 12 different 
COPD-related phenotypes and case–control status as well as patterns 

of overlap in differential gene expression and biological pathways repre-
sented by the gene sets. The genes over-represented in the overlap between 
the three domains and COPD case–control status represent diverse func-
tion, from altered expression due to smoking, to epigenetic regulation, 
inflammation and carcinogenesis, but demonstrate a consistent pattern 
of alteration across the phenotype domains. A subset of the overlapping 
genes was associated with decline in FEV1 % predicted. While many of 
the associated pathways represent non-specific cellular components and 
cellular processes, there were multiple pathways related to immunity, 
specifically virus defence. In addition, we compared the correlation of the 
quantitative phenotypes to the correlation of the gene expression in the 
same phenotypes and found similar patterns in the symptom and PFT 
categories but a different pattern in the systemic domain. These findings 
grant important insights into some of the biological similarities that may 
be used to construct a biological assessment of COPD severity as well as 
biological differences that underlie the clinical heterogeneity of COPD.

There were five genes overlapping between the three phenotype 
domains and case–control status, with three genes associated with 
longitudinal decline in FEV1 % predicted. GPR15 encodes the surface 
membrane-bound GPR15, which serves as a chemokine receptor for 
HIV 1 and 219 and has been implicated in the pathological movement 
of lymphocytes to the gut20 and skin.21 In addition, GPR15 has previ-
ously been identified as a smoking-related differentially expressed 
gene.8 Another prior study confirmed that while GPR15 was associ-
ated with smoking, it was not associated with several lung diseases, 
including COPD.22 However, this study only included 20 subjects 
with COPD. Adjusted for smoking status, we found that increased 
GPR15 expression was associated with increased symptom burden 
and case–control status and decline in FEV1 % predicted, showing 
effects beyond cigarette smoking.

SESN1 belongs to a family of highly conserved stress-responsive 
proteins and has been shown to play a role in cellular protection from 
oxidative stress.23 Transforming growth factor beta (TGF-β) has been 
previously associated with the development of COPD,24 and sestrins 
have a been implicated in the regulation of the TGF-β pathway.25 We 
observed that increased expression of SESN1 was associated with 
less severe disease across multiple phenotypes. However, increased 
SESN1 expression was associated with greater decline in FEV1 % 
predicted. This could suggest that SESN1 plays a different role in the 
development and progression of COPD such that the role of SESN1 
may change over time. Further functional studies may help elucidate 
its role in pathogenesis versus prognostication.

GBP1 encodes for guanylate-binding protein 1, which is involved 
in cellular component and cell cycle pathways.26 GBP1 expression is 
strongly influenced by interferon-γ and has been implicated in the 
development of autoimmune diseases, including dermatomyositis.27 
We observed that increased GBP1 expression was associated with 
case–control status, increased symptoms on SGRQ and longitudinal 
decline in FEV1 % predicted. While we did not directly observe its 
effects, the association of GBP1 could imply the involvement of 
interferon-γ in COPD, which has been previously associated with 
the development of emphysema in a murine model.28

HLF is a basic leucine zipper transcription factor that has been 
implicated in the pathogenesis of metastases in non-small cell lung 

Figure 1  Venn diagrams of overlap of differential gene expression within PFTs (A), symptoms (B), systemic features (C) and between the three 
domains and COPD case–control status (D). PFTs include FEV1 % predicted, FEV1:FVC ratio, FVC % predicted and DLCO. Symptom measures include 
SGRQ, CAT, chronic bronchitis and MMRC. Systemic features include 6MWD, Hgb, SaO2 and BMI. The numbers represent the number of genes in each 
overlapping or non-overlapping region of the Venn diagram. 6MWD, 6 min walk distance; BMI, Body Mass Index; CAT, COPD Assessment Test; DLCO, 
diffusion capacity of carbon monoxide; Hgb, haemoglobin; MMRC, Modified Medical Research Council; PFT, pulmonary function test; SaO2, arterial 
oxygen saturation; SGRQ, St. George’s Respiratory Questionnaire.
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cancer.29 RLF is an epigenetic modifier that has been shown to affect 
the methylation of numerous sites of transcriptional regulation,30 but 
its effect on expression is subtle and its relevance to biological path-
ways remains unclear.

While prior studies have explored the gene expression of multiple 
related phenotypes in COPD, the overlap in exclusively clinical 
COPD traits has not been investigated. In addition, genome-wide 
association studies31 32 and subsequent meta-analyses have identi-
fied genetic loci associated with COPD phenotypes, but most have 
not been assessed in gene expression studies.33 By examining several 
clinical phenotypes across multiple COPD domains, we were able to 
compare gene sets and over-represented pathways within and across 
the phenotypes and case–control status. We were unable to recapi- 
tulate the genes associated with COPD in genome-wide association 
studies34 35 in the overlap of genes differentially expressed between 
the phenotype categories and case–control status.

An important pathway involved in the pathogenesis of COPD is 
dysregulated immune responses to smoking-induced lung injury.36 In 
particular, adaptive immune responses to foreign antigens, including 
those of bacterial, viral and fungal origin, have been implicated in the 
development of COPD.37 We found that the host–virus interaction 
pathway was represented in the BMI–Hgb overlap differential gene 
expression set as well as the PFT–systemic category overlap, which 
suggests that rather than a generalised disease-wide effect, adaptive 
immune responses to viruses may play a role in subsets of COPD 
with worse lung function and systemic disease.

Previous studies have employed transcriptomic techniques, 
including RNA-seq, to identify genes and pathways relevant to COPD 
diagnosis or related phenotypes, including cigarette smoking,8 FEV1 

and imaging characteristics. Bhattacharya and colleagues used RNA 
microarray analysis from lung tissue obtained during surgical resec-
tion of lung nodules to identify overlap in differentially expressed 
genes between FEV1, FEV1:FVC ratio, and case–control status.38 
The authors found fewer differentially expressed genes associated 
with FEV1 and case–control status, but found genes substantially 
more associated with FEV1:FVC. In addition, in the Gene Ontology 
analysis, the authors found pathways primarily associated with 
transcription, but also found pathways related to cell compo-
nents, including the nucleoplasm. Our group has also previously 
used microarray gene expression profiling on resected lung tissue 
from subjects with severe COPD and developed gene modules 
associated with FEV1 and FEV1:FVC ratio. The enriched path-
ways included multiple cellular process and immune system path-
ways.39 We similarly found a predominance of cell component and 
process pathways, such as autophagy, represented in the overlap 
of genes differentially expressed among the three phenotypical 
categories, including PFTs. Autophagy has been previously impli-
cated as a central process to the dysregulated immune response 
found in chronic lung diseases, including COPD.40 We previously 
used RNA-seq to compare differential gene expression in multiple 
phenotypes in bronchial epithelium, alveolar macrophages and 
peripheral blood from COPDGene subjects.3 We did not identify 
specific differentially expressed genes across the three tissues for 
any phenotype, but did find immune signalling pathways over-
lapped between all tissues in the associations with emphysema. 
The current study included a sample size an order of magnitude 
larger than any previous COPD gene expression study. While most 
pathways involved cell processes and cell components, we found a 

Table 2  Log fold change and adjusted p values in each COPD-related phenotype and case–control status for overlapped genes

HGNC symbol SESN1 HLF RLF GBP1 GPR15

Systemic domain BMI logFC* 0.0027 0.011 – −0.0044 −0.012

P value 3.95E-03 6.48E-05 6.41E-05 4.40E-06

Hgb logFC 0.012 – – 0.0095 0.047

P value 1.61E-03 4.90E-02 3.01E-05

6MWD logFC 3.75E-05 – – – –

P value 0.041

SaO2 logFC – – −0.007 – –

P value 7.73E-12

Symptom domain SGRQ logFC −0.00099 −0.0025 0.00057 0.0012 0.0025

P value 0.0018 0.033 0.00076 0.0012 0.012

CAT logFC −0.0023 −0.0073 – – –

P value 0.011 0.014

MMRC logFC −0.014 – – – –

P value 0.019

CB logFC – – – – –

P value

PFT domain FEV1 logFC 0.00079 – −0.00065 −0.0012 −0.005

P value 6.69E-03 5.76E-07 1.01E-04 2.87E-15

FVC logFC – – −0.00055 – −0.0028

P value 0.014 0.038

Ratio logFC 0.16 0.65 −0.12 −0.26 −0.89

P value 1.09E-03 6.42E-06 2.46E-07 1.14E-06 7.04E-16

DLCO logFC 0.0014 – −0.00052 −0.0017 −0.0058

P value 6.20E-06 2.38E-02 3.63E-05 6.96E-12

Case–control status COPD case–control logFC −0.057 −0.19 0.047 0.122 0.32

P value 2.19E-02 8.45E-04 4.14E-02 2.52E-02 3.46E-11

*Data presented as log2 fold change per unit variable. P value adjusted for multiple testing. Empty cells are denoted by –, representing gene expression that did not meet 5% 
false discovery threshold.
BMI, Body Mass Index; CAT, COPD assessment test; CB, chronic bronchitis; DLCO, diffusing capacity of carbon monoxide; GBP1, guanylate-binding protein 1; GPR15, G protein-
coupled receptor 15; Hgb, haemoglobin; HLF, hepatic leukaemia factor; MMRC, Modified Medical Research Council; 6MWD, 6 min walk distance; PFT, pulmonary function test; 
RLF, rearranged L-Myc fusion; SaO2, arterial saturation of oxygen; SESN1, sestrin 1; SGRQ, St. George’s Respiratory Questionnaire.
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small but novel set of differentially expressed genes that exhibited a 
consistent pattern among all phenotypes.

Several of the clinical COPD phenotypes are statistically correlated 
and often used interchangeably in the clinical setting; however, the 
molecular basis for their relatedness and complementarity remains 
unclear. Previous studies have shown the correlation between the 
clinical traits.41 42 However, there are no previous studies correlating 
genes and pathways associated with the clinical phenotypes. Our 
study revealed similar correlation patterns between the PFT and 
symptom domains but a different pattern in the systemic domain. 
These findings offer mechanistic support to the complementary 
use of symptom measures and PFTs in multidimensional grading 
systems. On the other hand, these findings suggest that the systemic 
components may not have the same interchangeability as the other 
domains.

There were several limitations to our study. First, cell and tissue 
types are known to affect gene expression and using whole-blood 

Table 3  Biological pathways enriched in three domain (PFT–systemic–symptom) overlap and the largest phenotype overlap, BMI–Hgb

Phenotype Database Pathway Genes (n) Bonferroni-corrected P value

PFT–systemic–symptom overlap UniProt Phosphoprotein 70 <0.0001

UniProt Polymorphism 81 0.022

Gene Ontology Cytosol 35 0.027

BMI–Hgb overlap UniProt Phosphoprotein 554 <0.0001

UniProt Acetylation 289 <0.0001

Gene Ontology Cytosol 276 <0.0001

UniProt Cytoplasm 325 <0.0001

Gene Ontology Protein binding 554 <0.0001

UniProt Ubiquitin-like conjugation 140 <0.0001

Gene Ontology Cytoplasm 350 <0.0001

Gene Ontology Extracellular exosome 212 <0.0001

UniProt Mutagenesis site 166 <0.0001

Gene Ontology Membrane 170 <0.0001

UniProt Ubiquitin-like conjugation pathway 67 <0.0001

Biocarta Hgb’s chaperone 10 <0.0001

Gene Ontology Nucleus 345 <0.0001

UniProt Hereditary haemolytic anaemia 12 <0.0001

UniProt Blood group antigen 11 0.00052

Gene Ontology Proteasome-mediated ubiquitin-dependent protein catabolism 31 0.00093

UniProt Autophagy 21 0.0011

Gene Ontology Erythrocyte differentiation 13 0.0019

UniProt Apoptosis 50 0.0026

UniProt Methylation 79 0.0027

UniProt Isopeptide bond 86 0.0044

KEGG Legionellosis 14 0.0045

Gene Ontology Ubiquitin protein ligase binding 35 0.005

Gene Ontology Hgb complex 7 0.0063

UniProt Haeme biosynthesis 7 0.0097

UniProt Leber hereditary optic neuropathy 6 0.02

UniProt Proto-oncogene 27 0.02

UniProt Mitochondrion 82 0.025

Gene Ontology Mitophagy 11 0.027

Gene Ontology Nucleoplasm 183 0.037

Gene Ontology Cortical cytoskeleton 8 0.38

UniProt Host–virus interaction 36 0.05

Data presented as phenotype overlap category, pathway library, pathway, number of genes and Bonferroni corrected p value.
BMI, Body Mass Index; Hgb, haemoglobin; PFT, pulmonary function test.

Figure 2  Heatmaps of clinical outcome correlations (A) and gene expression 
correlations (B). The row and column labels indicate the phenotype variable. The 
phenotypes are arranged by domain. The Spearman correlation was calculated 
for each pair of results and plotted in the heatmap. 6MWD, 6 min walk distance; 
CAT, COPD Assessment Test; DLCO, diffusion capacity of carbon monoxide; 
Hgb, haemoglobin; MMRC, Modified Medical Research Council; SaO2, arterial 
oxygen saturation; SGRQ, St. George’s Respiratory Questionnaire.
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RNA-seq may be more enriched for immune processes rather than 
other lung tissue-specific mechanisms, including pathways related to 
injury and repair. However, previous studies have shown pathway level 
concordance between tissue gene expression3 and replication of gene 
expression patterns in whole blood between different study cohorts.43 
In addition, using whole blood may facilitate capturing systemic effects 
of COPD in a way that lung tissue may not. Second, we performed 
RNA-seq on the largest, well-phenotyped cohort of smokers with and 
without COPD, and while there are currently no comparable cohorts 
available for replication studies, we were able to longitudinally vali-
date several of our findings. Third, we did not pursue a global statis-
tical test to establish overlap of gene expression sets. Instead, we relied 
on a series of gene association tests adjusted for false discovery and 
subsequent pathway associations again conservatively adjusted for 
multiple testing to support our findings. Finally, our study included 
non-Hispanic White and African–American subjects. Cluster analyses 
have demonstrated different clinical clusters with associated biolo-
gical networks, depending on population ancestry.44 Therefore, similar 
studies in other populations may yield additional insights.

CONCLUSIONS
In a large study of whole-blood RNA-seq in the COPDGene study, 
we identified unique gene sets and pathways that overlap between 12 
COPD-related phenotypes and case–control status. We demonstrated 
that the overlapping genes were also associated with COPD progres-
sion. While we did not identify any pathways represented in the 
overlap between the three phenotypical domains and case–control 
status, we identified multiple genes that demonstrate a consistent 
pattern of change across many of the phenotypes and case–control 
status. Several pathways were found to overlap between many of the 
COPD-related traits, including those involved in adaptive immu-
nity and viral response. Patterns of gene expression correlation were 
generally similar to the correlation of the clinical phenotypes, except 
for the systemic phenotypes, which showed negative intradomain 
correlation and negative correlation with the symptom domain. 
Further studies will be needed to replicate the predictive capability 
of the transcriptional signature and to identify causal pathways 
involved in the pathogenesis of the various features of COPD.
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Table 4  Phase III subject characteristics

Characteristics Mean (SD) or n (%)

N 960

Age (years) 69.07 (8.42)

Male sex 473 (49.3)

Non-Hispanic white 711 (74.1)

African–American 249 (25.9)

Current smoker 301 (32.1)

Smoking pack-years 43.37 (23.61)

GOLD stage

 � PRISm 102 (10.6)

 � Normal spirometry 419 (43.6)

 � GOLD 1 117 (12.2)

 � GOLD 2 189 (19.7)

 � GOLD 3 90 (9.4)

 � GOLD 4 43 (4.5)

FEV1 % predicted, postbronchodilator 79.43 (25.17)

Data presented as mean (SD) or %.
GOLD, Gobal Initiative for Chronic Obstructive Lung Disease; PRISm, preserved ratio 
impaired spirometry.
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RESUMO
Introdução Este estudo visou determinar se uma inter-
venção de alteração comportamental durante 6 semanas 
seria mais eficaz do que uma intervenção falsa para redu-
zir o comportamento sedentário (CS) em pessoas com 
doença pulmonar obstrutiva crónica (DPOC).
Métodos Foram recrutadas pessoas com DPOC estável 
na lista de espera para entrada em reabilitação pulmonar 
para este ensaio multicêntrico com aleatorização (atribui-
ção independente e oculta) para um grupo de intervenção 
ou para um grupo falso, com ocultação do avaliador e 
análise da intenção de tratamento (ITT). A intervenção de 
alteração comportamental consistiu em sessões semanais 
com um fisioterapeuta durante 6 semanas para reduzir 
o CS através da educação, do estabelecimento de obje-
tivos orientados e de feedback em tempo real sobre o 
CS. A intervenção falsa consistiu em chamadas telefónicas 
semanais durante 6 semanas para monitorizar o estado 
de saúde. O CS foi medido continuamente durante 7 dias 
por acelerometria usada nas coxas (activPAL3 micro). O 
resultado principal foi o tempo despendido em CS. Os 
participantes com pelo menos 4 dias de ≥10 horas de 
tempo acordado foram incluídos na análise ITT e aqueles 
que relataram ter alcançado ≥70% dos objetivos de redu-
ção do CS ou que completaram todas as chamadas falsas 
foram incluídos numa análise por protocolo.
Resultados Foram recrutados 70 participantes e 65 
completaram o estudo (média±DP idade 74±9 anos, 
FEV

1 média 55%±19% do previsto, 49% masculino). Às 
6 semanas, não foram observadas diferenças entre gru-
pos no tempo despendido em CS na análise ITT (diferença 
média 5min/dia, 95% IC -38 a 48) ou na análise por pro-
tocolo (-16min/dia, 95% IC -80 a 48).
Discussão Uma intervenção de alteração comporta-
mental durante 6 semanas não reduziu o tempo em CS 
comparativamente a uma intervenção falsa em pessoas 
com DPOC estável moderada a grave antes de reabilitação 
pulmonar.

INTRODUCTION
In people with chronic obstructive pulmonary 
disease (COPD), it is well established that low levels 
of physical activity (PA) are associated with an 
increased risk of mortality and hospitalisation due 
to acute exacerbations.1 2 Interventions to increase 
PA in people with COPD have been investigated 
extensively over the last decade,3–5 but much less 
is known about interventions to reduce sedentary 
behaviour (SB) in this population.6

SB is defined as ‘any waking behaviour characterised 
by an energy expenditure ≤1.5 metabolic equivalents, 
while in a sitting, reclining or lying posture’,7 and is a 
distinct construct from physical inactivity, which refers 
to insufficient levels of PA to meet current recommen-
dations.8 The importance of reducing SB in people with 
COPD is based on several factors. First, people with 
COPD spend more time in SB compared with healthy 
age-matched peers.9–12 Second, consistent associations 

of SB with mortality risk13 14 and cardiometabolic 
disease15 16 have been observed in small longitudinal 
studies of COPD. Lastly, reducing SB may be a more 
feasible strategy for improving health outcomes in 
people with COPD than targeting moderate-to-
vigorous-intensity PA (MVPA) alone.17 Preliminary 
evidence suggests that behaviour change interventions, 
defined as ‘coordinated sets of activities designed to 
change specified behaviour patterns’,18 may be effective 
and feasible for reducing SB in older adults.19 20 Such 
interventions are underpinned by theoretical models of 
behavioural change and often include education, goal 
setting, self-monitoring of and feedback on behaviour 
to facilitate change.21

To date, only one pilot study (COPD-sitting and 
exacerbations trial (SEAT)) has examined the feasibility 
and acceptability of a behaviour change intervention to 
reduce SB in people with COPD.22 This intervention 
was delivered on discharge from hospital following an 
acute exacerbation and consisted of a single education 
session and provision of a wearable activity tracker to 
self-monitor SB for 2 weeks. Although the intervention 
components were viewed positively by participants, 
uptake and retention of the intervention were low and 
being unwell and overwhelmed after an exacerbation 
were reported as the main reasons for not engaging 
with the intervention.22 These findings suggest that 
behaviour change interventions targeting SB may need 
to be of a longer duration with more frequent contact 
with a healthcare professional and conducted in people 
with COPD who are clinically stable.
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Key messages

What is the key question?
uCan a 6-week behaviour change interven-

tion reduce sedentary behaviour in peo-
ple with chronic obstructive pulmonary 
disease (COPD)?

What is the bottom line?
uA 6-week behaviour change intervention 

did not reduce time spent in sedentary 
behaviour in people with stable moderate-
to-severe COPD but may have positive 
effects on physical activity.

Why read on?
uThe results of this study will inform the 

participant selection, design and timing 
of future interventions that aim to reduce 
sedentary behaviour and increase physical 
activity in people with COPD.
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The primary aim of this study was to determine, in people with 
stable COPD, whether a 6-week behaviour intervention was more 
effective than a sham intervention in reducing time spent in SB. 
The secondary aims of the study were to determine: (1) the effects 
of the behaviour change intervention on patterns of SB accumula-
tion, PA, functional exercise capacity, health-related quality of life 
(HRQoL), patient activation, anxiety, depression and attendance 
and completion of pulmonary rehabilitation and (2) the feasibility 
of the behaviour change intervention with respect to uptake, reten-
tion and compliance.

METHODS
Study design and participants
This study was a prospective multicentre randomised controlled 
trial with concealed allocation and assessor blinding, comparing a 
6-week behaviour change intervention with a sham intervention to 
reduce SB. The study was registered with the Australian New Zealand 
Clinical Trials Registry (identifier ANZCTR12616001534471) and 
complies with the Consolidated Standards of Reporting Trials 
Statement for the reporting of randomised controlled trials.23 The 
full protocol has been published previously.24 In brief, participants 
with a confirmed diagnosis of COPD on spirometry25 and who 
were clinically stable were recruited from the waitlist for pulmo-
nary rehabilitation at five participating sites, and randomised into 
an intervention group or sham group with stratification for 6 min 
walk distance (6MWD) (<350 vs ≥350 m) and prior attendance at 
pulmonary rehabilitation. Informed written consent was obtained 
from all participants.

The behaviour change intervention
The behaviour change intervention has been reported according 
to the Template for Intervention Description and Replication26 
and consisted of six once weekly sessions with a physiotherapist 
to reduce SB via three target behaviours: replace SB with step-
ping, replace SB with standing and break up prolonged bouts of 
SB. The intervention was informed by the ‘capability, opportunity, 
motivation, behaviour’ (COM-B) model27 and used the Beha- 
viour Change Wheel to systematically select appropriate beha- 
vioural change techniques from the Behaviour Change Technique 
Taxonomy (v1) to reduce SB.28 To ensure fidelity, the principal 
investigator assessed their delivery of the intervention against 
a checklist of content and documented if any components of 
the intervention were not delivered. Application of the COM-B 
model to our current understanding of high levels of SB in people 
with COPD,17 with practical examples of how behavioural change 
techniques were linked to the Behaviour Change Wheel18 and 
were implemented during the intervention, is illustrated in online 
supplemental table 1.

The sham intervention
The sham intervention consisted of six once weekly phone calls 
to monitor health status. Full details regarding the content and 
delivery of the behavioural change and sham interventions has 
been described previously24 and can be found in online supple-
mental data.

Outcome measures
The primary outcome was time spent in SB expressed in min/
day. Time in SB was measured using thigh-worn accelerometry 
(activPAL3 micro; PAL Technologies, Glasgow, Scotland, UK) 
continuously over 7 days. The minimum wear time for inclusion of 
SB data was set at 4 days for at least ten hours per day.29 Participants 
were classified as having ‘high’ SB levels at baseline if SB accounted 
for >70% of waking wear time.13 30 The minimal detectable change 
(MDC) reflects the minimal change in outcome score that corre-
sponds to a real change in SB for an individual, with the most sensi-
tive measures having the lowest MDC.31 The MDC for time spent 
in SB has not yet been determined in COPD but was reported as 
−2.7% of waking wear time in older adults.32 Full details on SB data 
collection and processing have been described previously.30

Secondary outcomes were patterns of SB accumulation and 
PA measured using the activPAL3 micro and calculated based 

on waking wear time (ie, sleep and periods of non-wear were 
removed from the analysis); functional exercise capacity using the 
6 min walk test (6MWT)33; HRQoL using the St George’s Respira-
tory Questionnaire (SGRQ)34; patient activation using the Patient 
Activation Measure (PAM)35 ; anxiety and depression using the 
Hospital Anxiety and Depression Scale36 ; attendance and comple-
tion of pulmonary rehabilitation; and feasibility of the behaviour 
change intervention. All outcome measures were taken at base-
line (ie, prior to randomisation) and at end-intervention (ie, at 
completion of the 6-week intervention period prior to pulmonary 
rehabilitation).

Although there is no universally accepted measure of SB accu-
mulation, prolonged SB (ie, SB accumulated in unbroken bouts of 
≥30 min) and usual bout duration have commonly been used in 
large population-based studies37–41 and have demonstrated sensi-
tivity to change following interventions in office workers and older 
adults.32 Usual bout duration is defined as the duration of the seden-
tary bout corresponding to 50% of daily accumulated sedentary 
time and is most often calculated using non-linear regression, where 
higher values indicate the accumulation of SB in fewer, prolonged 
bouts.32 42 In the occupational setting, an MDC of −6.44 min has 
been reported for usual bout duration.43 44 The minimal important 
difference (MID) in PA has been reported as 600–1100 steps/day 
in people with COPD following pulmonary rehabilitation.45 Defi-
nitions of the SB and PA outcomes are provided in online supple-
mental table 2.

Three measures were used to assess feasibility of the behaviour 
change intervention: uptake (proportion of eligible participants 
who enrolled in the study); retention (proportion of enrolled 
participants assessed at 6 weeks); and compliance with the inter-
vention (participants’ self-reported achievement of their main goal 
to reduce SB). Of a maximum 21 goals that could be set during the 
6-week intervention period (ie, cumulative sum of setting one goal 
in the first week, followed by two goals in the second week, etc), the 
number of goals relating to each target behaviour (replace SB with 
stepping, replace SB with standing and break up prolonged bouts of 
SB) was calculated for each participant. The target behaviour that 
represented the highest number of goals set during the intervention 
period was regarded as the participant’s main goal.

Sample size calculation
It was estimated that 70 participants were needed to ensure that 64 
participants completed the study, allowing for a 10% lost to follow-up.46 
This sample size was sufficient to provide 80% power to detect as 
significant, at the (two sided) 5% level, a minimum 75 min/day diffe- 
rence in total SB between the intervention and sham groups using a 
two-sample t-test, assuming an SD of 108 min/day in total SB.47

Data analysis
Data were analysed using SPSS V.25 (IBM) on an intention-to-treat 
basis. Within-group comparisons were analysed using paired t-tests. 
Between-group comparisons were analysed using analysis of covariance 
with baseline values for each respective outcome entered into the model 
as a continuous covariate. Compliance rates with home-based pulmo-
nary rehabilitation, which have been approximated at 70%,48 49 were 
used to inform the minimum goal achievement indicating compliance 
with the behaviour change intervention. Participants in the intervention 
group who reported achieving ≥70% of their main goal and participants 
in the sham group who completed all six sham calls were regarded as 
compliant with the intervention and were included in a per-protocol 
analysis using the same methods as the primary analysis.

RESULTS
Participant flow and characteristics
Seventy participants were recruited from December 2016 to April 2019, 
with 34 randomised to the intervention group and 36 to the sham 
group, of which 65 participants completed the study and 64 participants 
contributed SB data to the primary analysis. This represented an uptake 
of 32% and retention of 93% (figure 1). Primary reasons for declining 
to participate in the trial were lack of interest due to a perception of 
already having low SB levels and being unable to commit due to medical 
or social issues. Reasons for withdrawal from the study were moving 
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outside metropolitan Sydney (n=1), worsening of sciatic pain requiring 
corticosteroid injection (n=1) and perceived lack of benefit (n=3). The 
intervention and sham groups were similar for lung function, 6MWD 
and prevalence of comorbidities at baseline (table 1).

Engagement and compliance with the intervention
Twenty-two participants (73%) chose to replace SB with stepping 
as their main goal, which commonly involved walking for leisure or 
transport. Five participants (17%) chose to replace SB with standing 
as their main goal, commonly by standing up to perform domestic 
tasks. Three participants (10%) chose to break up prolonged SB 
as their main goal, commonly by moving after 30 min of uninter-
rupted screen time, reading or crafts. On average, the main goal 
accounted for 64% (SD 16) of all goals set during the intervention. 
Twenty participants (65%) were successful in setting six goals to 
reduce SB. Mean self-reported goal achievement was 64% (SD 28). 
Nineteen participants (61%) reported consistent use of the wear-
able activity tracker over the 6 weeks.

Sixteen participants (52%) in the intervention group and 11 
participants (32%) in the sham group reported a worsening of 
their health status during the intervention period (worsening of 
COPD symptoms or a new onset of and/or worsening of existing 
musculoskeletal pain). Fourteen participants (48%) were regard 
ed as compliant with the behaviour change intervention and 31 
participants (91%) in the sham group as compliant with the sham 
intervention.

Intention-to-treat analyses
Time in SB
The baseline and end-intervention values for time spent in SB are 
shown in table  2. There was no between-group difference in time 
spent in SB. Non-significant within-group reductions in SB were 
observed for both the intervention and sham groups.

Secondary outcomes
The baseline and end-intervention values for SB accumulation 
and PA are shown in table  2 and online supplemental table 3. 
There were no significant differences in SB accumulation or 
PA between groups. In the intervention group, within-group 
analyses showed no significant changes in SB accumulation 
but significant increases in step count and MVPA. The baseline 
and end-intervention values for functional exercise capacity, 
HRQoL, patient activation, anxiety and depression are shown 
in online supplemental table 3. Significant between-group 
differences favouring the intervention group were observed for 
SGRQ-Activity score and PAM score.

Twenty-seven participants (79%) in the intervention group and 
31 participants (86%) in the sham group attended pulmonary 
rehabilitation following the 6-week intervention. Completion 
rates of pulmonary rehabilitation were 50% in the intervention 
group and 56% in the sham group, with no significant differences 
in attendance or completion of pulmonary rehabilitation between 
groups.

Per-protocol analyses
Fourteen of 31 participants in the intervention group and 31 of 34 
participants in the sham group were included in the per-protocol 
analyses. The baseline and end-intervention values for time spent in 
SB are shown in table 3. Per-protocol analyses for SB accumulation 
and PA are shown in table 3 and online supplemental table 4, and for 
functional exercise capacity, HRQoL, patient activation, anxiety and 
depression in online supplemental table 4.

Time in SB
Similar to the intention-to-treat analyses, no between-group diffe- 
rence in time in SB was observed and there were non-significant 
within-group reductions in SB in both groups.

Figure 1  Flow of participants.
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Secondary outcomes
Similar to the intention-to-treat analyses, no significant between-
group differences or within-group differences in the intervention 
group were observed for any SB accumulation measures. However, 
significant between-group differences favouring the intervention 
group were observed for MVPA and step count, which exceeded 
the upper end of the MID of 1100 steps/day (2037 steps/day, 95% CI 
871 to 3204), and for HAD depression score.

DISCUSSION
A 6-week behaviour change intervention did not reduce time 
spent in SB nor the accumulation of SB in prolonged bouts 
compared with a sham intervention in people with stable 
COPD. Although not the primary focus of the intervention, per-
protocol analyses showed statistically and clinically significant 
improvements in step count and MVPA favouring the inter-
vention group. There was low uptake of, and moderate compli-
ance with, the behaviour change intervention in this group of 
participants on the waitlist for pulmonary rehabilitation, which 
suggests that it may not be feasible to target SB in all people 
with COPD prior to engagement in a comprehensive pulmonary 
rehabilitation programme.

This is the first study to evaluate the effects of a pragmatic 
behaviour change intervention to reduce SB in COPD using a 
randomised parallel-group study design with intention-to-treat 
analysis and thigh-worn accelerometry to characterise SB. The 
intervention was informed by behavioural change theory, used 
standardised frameworks to analyse behaviour and systemati-
cally select appropriate behavioural change techniques, and was 
delivered by the same principal investigator against a checklist 
of content to ensure fidelity. The behaviour change intervention, 
however, had no effect on time in SB or the accumulation of SB 
in prolonged bouts when compared with the sham intervention. 
Randomised controlled trials conducted in older adults with coro-
nary artery disease and stroke have also failed to show significant 
reductions in SB following behaviour change interventions of 6–7 
weeks’ duration, despite evidence that the interventions were safe, 
feasible and viewed positively by participants.19 46 Thus far, the 
effectiveness of behaviour change interventions for reducing SB 
in older adults has only been observed in small non-randomised 
studies.20 50 51 The lack of effect on SB across different clinical popu-
lations suggests that further exploration of intervention content, 
delivery, timing, and participant selection is necessary in order to 
determine the optimal dose of intervention required to reduce SB 
in people with pre-existing disease.

We propose several hypotheses for the lack of difference in SB 
between the intervention and sham groups: (1) a 6-week interven-
tion period was chosen to align with waiting times for entry into 
pulmonary rehabilitation but may have been of an insufficient 
duration for new habit formation, which is typically expected 
to take ten weeks of daily repetition52; (2) compliance with the 
behaviour change intervention was 64%, and subsequently the 
intervention may have been of an insufficient dose to elicit change; 
and (3) unexpected large and favourable within-group changes in 
SB were observed in the sham group.

Approximately two-thirds of the intervention group were able 
to set six goals to reduce SB and reported achieving these goals 
each week. The most frequently reported reason for not setting 
additional goals and non-achievement of goals was feeling unwell, 
followed by other medical or social issues taking priority over 
participation in the study, and then by perceived lack of need 
for change. Over half the participants in the intervention group 
reported worsening of COPD symptoms and/or complaints of 
musculoskeletal pain during the intervention, which impaired 
their physical capacity to reduce SB. Given the initial hypothesis 
that reducing SB would be a physiologically realistic interim step 
to exercise training and higher intensity PA, it was surprising that 
such a high proportion of participants attributed lack of compli-
ance with the intervention to physical limitations. People with 
COPD who report disease-specific limitations as the main barrier 
to reducing SB may first need to undergo pulmonary rehabilita-
tion to improve their symptoms and exercise capacity before it is 
feasible to engage in a behaviour change intervention targeting 
SB.

Only 61% of participants in the intervention group reported 
consistent engagement with the activity tracker, which is low 
compared with published PA telecoaching studies in COPD53–55 
and requires further investigation using qualitative designs. While 
activity trackers have been used previously to self-monitor and 
provide feedback on step count, the main purpose of the activity 
tracker in this study was to prompt breaks in SB every 30 min. 

Table 1  Participant characteristics

Characteristic

Participants

Intervention
(n=31)

Sham
(n=34)

Lost to follow-up
(n=5)

Age, years 74 (9) 73 (10) 70 (8)

Sex, n males (%) 16 (52) 16 (47) 2 (40)

Employment status, 
n (%)

 � Retired 22 (71) 30 (88) 5 (100)

 � Part time 6 (19) 4 (12) 0

 � Full time 3 (10) 0 0

Lung function

 � FEV1, L 1.43 (0.60) 1.34 (0.50) 1.63 (0.57)

 � FVC, L 2.62 (0.77) 2.66 (0.77) 3.00 (0.75)

 � FEV1 % predicted 58 (20) 53 (19) 61 (18)

GOLD grade, n (%)

 � 1 4 (13) 3 (9) 1 (20)

 � 2 15 (48) 10 (29) 3 (60)

 � 3 10 (32) 20 (59) 1 (20)

 � 4 2 (7) 1 (3) 0

BMI, kg/m2† 28.5 (7.1) 27.5 (6.4) 31.4 (15.7)

Smoking status, n (%)

 � Former 27 (87) 29 (85) 5 (100)

 � Current 4 (13) 5 (15) 0

Smoking history, pack-
years

41 (28) 42 (23) 49 (11)

≥1 self-reported COPD 
hospital admission in last 
6 months, n (%)

23 (74) 23 (68) 3 (60)

Comorbidities, n (%)

 � Cardiometabolic 26 (84) 26 (77) 4 (80)

 � Other respiratory 16 (52) 13 (38) 2 (40)

 � Musculoskeletal 20 (65) 26 (77) 4 (80)

 � Mental health 6 (19) 13 (38) 1 (20)

6MWD, m 366 (106) 353 (95) 332 (117)

6MWD % predicted 62 (16) 59 (14) 58 (16)

Mobilises with walking 
aid, n (%)

3 (10) 7 (21) 1 (20)

Exercise-induced oxygen 
desaturation‡, n (%)

13 (42) 16 (50) 3 (60)

Previous pulmonary 
rehabilitation†, n (%)

8 (26) 9 (27) 2 (40)

Values are presented as mean (SD) unless otherwise stated.
*P<0.05 was considered significant.
†Self-reported attendance to a pulmonary rehabilitation programme. Participants 
who undertook formal exercise training in the last 6 months were excluded from the 
study.
‡Defined as desaturation to <90% during a 6 min walk test. Two participants in the 
sham group received long-term oxygen therapy and were excluded from the count.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced 
expiratory volume in 1s; FVC, forced vital capacity; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; 6MWD, 6 min walk distance.
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intervention, particularly with respect to interest in reducing SB 
and timing of the intervention prior to pulmonary rehabilitation. 
In order to optimise uptake and compliance rates, future inter-
ventions targeting SB should be developed in conjunction with 
people with COPD, their loved ones,11 and health professionals 
involved in COPD management.

The significant within-group reductions in prolonged SB and 
usual bout duration in the sham group also warrants further 
investigation. It is possible that a ‘light touch’ intervention of 
attention, combined with the awareness of being monitored and 
the intrinsic stimulus for change arising from participation in a 
research study, is sufficient to reduce SB in certain individuals 
with COPD. The effects of attention on the therapeutic alliance 
between participants and the principal investigator may have 
also played a role in facilitating behavioural change in the sham 
group, but is difficult to capture and report in clinical trials. The 
relationship between patient and therapist is known to be an 
important determinant of treatment outcome in psychotherapy, 
and has been positively associated with treatment adherence and 

Participants may have found a single vibrotactile prompt to break 
up SB difficult to detect or easy to ignore, which may have contri- 
buted to lower rates of engagement with the activity tracker and 
to the lack of intervention effect on SB.

Qualitative studies have suggested that SB is associated with 
mental health benefits in older adults.56 In people with COPD, 
SB enables rest between activities that cause breathlessness and 
is perceived as intrinsically enjoyable in the context of a life-
limiting, progressive illness.57 Qualitative findings from the 
COPD-SEAT trial indicated that lack of engagement with certain 
strategies to reduce SB, such as getting up at regular intervals 
while watching television (TV), was attributed to feelings of 
intrusion on pleasurable activities and disruption of the enjoy-
ment of life.57 Perceptions of lack of benefit may explain why there 
was limited participant engagement with the ‘break up prolonged 
bouts of SB’ strategy to reduce SB and may have contributed to 
the lack of between-group differences in prolonged SB and usual 
bout duration. It is a limitation of this study that participants 
were not involved in the development of the behaviour change 

Table 2  Within-group and between-group intention-to-treat analyses for SB and physical activity

Outcome 
measure

Intervention group Sham group
Adjusted between-group 
difference

Baseline
(n=30)

End intervention
(n=30)

Within-group 
difference (n=30)

Baseline
(n=34)

End intervention
(n=34)

Within-group 
difference (n=34)

Intervention minus 
Sham (n=64) P value

Total SB  �   �   �   �   �   �

 � Waking wear 
time, min/day

909 (85) 907 (86) −2 (−22 to 19) 908 (68) 901 (60) −7 (−24 to 11) 5 (−20 to 30) 0.67

 � Time spent in SB, 
min/day

643 (108) 624 (106) −19 (−58 to 20) 642 (109) 618 (124) −24 (−51 to 3) 5 (−38 to 48) 0.81

 � Time spent in 
SB as % waking 
wear time, %

70.7 (9.8) 68.8 (10.7) −1.9 (−5.8 to 2.0) 70.9 (11.6) 68.5 (12.6) −2.3 (−4.9 to 0.2) 0.4 (−3.9 to 4.7) 0.84

Patterns of SB accumulation

 � Prolonged SB†, 
min/day

380 (149) 341 (128) −39 (−83 to 4) 370 (145) 336 (153) −34 (−65 to −3)* −2 (−50 to 46) 0.93

 � Prolonged SB as 
% waking wear 
time, %

41.5 (15.0) 37.5 (13.4) −4.0 (−8.6 to 0.5) 40.9 (16.0) 37.2 (16.6) −3.7 (−7.1 to −0.2)* −0.2 (−5.3 to 4.9) 0.94

 � Usual bout 
duration‡, min

39.6 (22.0) 33.9 (15.0) −5.6 (−12.9 to 1.6) 38.4 (18.0) 34.5 (15.4) −3.9 (−7.1 to −0.7)* −1.2 (−6.9 to 4.5) 0.68

Physical activity

 � Step count, 
steps/day

4945 (2576) 5939 (3541) 994 (115 to 1873)* 4636 (2667) 4862 (2643) 226 (−139 to 591) 779 (−121 to 1679) 0.09

 � Time spent in 
light activities§, 
min/day

228 (76) 237 (86) 9 (−22 to 40) 229 (97) 245 (105) 16 (−5 to 37) −7 (−42 to 28) 0.67

 � Time spent in 
light activities as 
% waking wear 
time¶, %

25.1 (8.4) 26.0 (9.3) 0.9 (−2.7 to 4.6) 25.2 (10.5) 27.3 (11.7) 2.1 (−0.3 to 4.5) −1.2 (−5.2 to 2.8) 0.55

 � Time spent in 
MVPA††, min/
day

39 (22) 47 (29) 8 (1 to 16)* 36 (22) 38 (22) 2 (−2 to 5) 7 (−1 to 15) 0.07

 � Time spent in 
MVPA as % 
waking wear 
time††, %

4.2 (2.3) 5.2 (3.0) 1.0 (0.2 to 1.7)* 3.9 (2.3) 4.1 (2.3) 0.2 (−0.1 to 0.6) 0.7 (−0.1 to 1.5) 0.07

Values are presented as mean (SD) and mean difference (95% CI). Participants with at least four wear days of ≥10 hours were included in the ITT analysis.
*P<0.05 was considered significant.
†Time in SB accumulated in bouts of ≥30 min.
‡Duration of the sedentary bout corresponding to 50% of daily accumulated time in SB. Higher values indicate a tendency to accumulate SB in more prolonged bouts.
§Time spent standing plus time spent stepping at <3 METs.
¶Proportion of waking wear time spent standing plus time spent stepping at <3 METs.
**Time spent stepping at ≥3 METs.
††Proportion of waking wear time spent stepping at ≥3 METs.
METs, metabolic equivalents; MVPA, moderate-to-vigorous intensity physical activity; SB, sedentary behaviour.
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satisfaction, physical function and depressive symptoms in phy- 
sical rehabilitation settings.58

The behaviour change intervention resulted in non-significant 
increases in step count, which exceeded the lower end of the MID 
of 600 steps/day,45 but did not change time spent standing or in 
light intensity PA. In the per-protocol analysis, the increase in 
step count was comparable to that observed following a 12-week 
semiautomated telecoaching intervention targeting increases in 
the amount and intensity of PA.54 However, given this subgroup 
analysis was based on a small sample and was not powered to 
detect changes in SB or PA, these findings should be interpreted 
with caution. The improvements in PA can be attributed to the 
large majority of participants who chose to replace SB with step-
ping as their main goal during the intervention, which is contrary 
to our previous understanding that increasing standing time and 
breaking up SB would be more feasible for people with COPD 
than increasing PA alone.59 The preference of most participants to 
replace SB with stepping may have been influenced by a persisting 
lack of knowledge about the meaning of SB as distinct from phy- 
sical inactivity and reinforces the importance of encouraging 
movement of any intensity in people with COPD. It is also possible 
that maintaining or increasing SB was perceived as necessary by 
participants in order to enable greater participation in PA. People 
with COPD have reported adopting SB as a means to recover 
from and manage symptoms,57 and may explain the clinically 
relevant increase in step count without concomitant increases in 
light-intensity PA or reductions in SB. Enhancing overall move-
ment and participation in enjoyable light-intensity PA in people 

with COPD, rather than specifically reducing SB, may be more 
appropriate goals in research and clinical practice.

There are several study limitations. First, people with COPD 
with ‘high’ levels of SB, and thus potential to change their beha- 
viour, were not selectively recruited to the study. Low-level evidence 
suggests that >70% of waking wear time spent in SB is linked with 
increased mortality risk and poorer clinical outcomes in COPD13 30 
and may be a useful cut-off to indicate ‘high’ SB in future studies. 
Second, most participants had moderate or severe airflow obstruc-
tion, which may limit the generalisability of the study findings to 
all people with stable COPD. Third, materials were developed to 
ensure the behaviour change intervention was administered with 
fidelity, but fidelity assurance was not formally undertaken. Fourth, 
SB was assessed using thigh-worn accelerometry at the end of the 
6-week intervention period, when participants may have perceived 
the intervention was complete and were no longer continuing 
their goals to reduce SB. Fifth, compliance with behaviour change 
intervention was assessed using participant self-report rather than 
thigh-worn accelerometry and may have led to over-estimation of 
compliance with the intervention. In order to accurately determine 
whether individualised goals to reduce SB during specific activities 
or contexts are being met (eg, ‘Get up and walk around for 2 min 
during the TV advertisement breaks’, ‘Stand up to do the ironing 
instead of sitting down’), future studies should use a combination of 
self-report and device-based tools to monitor SB during the inter-
vention period. Finally, since the study was not powered to detect 
between-group changes in SB accumulation or PA, non-significant 
results should be interpreted with caution.

Table 3  Within-group and between-group per-protocol analyses for SB and physical activity

Outcome measure

High goal achievement in intervention group Compliant with sham in Sham group Adjusted between-group difference

Baseline 
(n=14)

End intervention 
(n=14)

Within-group 
difference (n=14)

Baseline 
(n=31)

End intervention 
(n=31)

Within-group 
difference (n=31)

Intervention minus 
Sham (n=45) P value

Total SB

 � Waking wear time, 
min/day

922 (67) 922 (86) 0 (−34 to 35) 906 (68) 904 (61) −2 (−21 to 16) 7 (−26 to 40) 0.67

 � Time spent in SB, 
min/day

631 (106) 596 (118) −35 (−118 to 48) 636 (108) 616 (124) −20 (−49 to 9) −16 (−80 to 48) 0.61

 � Time spent in SB as % 
waking wear time, %

68.3 (10.1) 64.7 (12.0) −3.6 (−11.9 to 4.5) 70.4 (11.9) 68.1 (12.7) −2.3 (−5.0 to 0.5) −2.0 (−8.3 to 4.3) 0.52

Patterns of SB accumulation

 � Prolonged SB†, min/
day

369 (138) 305 (85) −64 (−152 to 24) 365 (144) 337 (146) −28 (−60 to 5) −35 (−99 to 29) 0.28

 � Prolonged SB as % 
waking wear time, %

39.9 (14.5) 33.2 (9.7) −6.7 (−16.1 to 2.7) 40.4 (16.0) 37.4 (16.6) −3.0 (−6.6 to 0.5) −3.8 (−10.8 to 3.1) 0.27

 � Usual bout duration‡, 
min

39.0 (26.7) 29.0 (6.6) −10.0 (−25.9 to 6.0) 38.1 (18.4) 34.6 (15.4) −3.5 (−6.7 to −0.2)* −6.0 (−12.9 to 1.0) 0.09

Physical activity

 � Step count, steps/day 5971 (2906) 8061 (3642) 2090 (458 to 3721)* 4556 (2556) 4756 (2583) 200 (−147 to 547) 2037 (871 to 3204) 0.001*

 � Time spent in light 
activities§, min/day

243 (78) 261 (100) 18 (−49 to 84) 229 (97) 245 (105) 16 (−5 to 37) 3 (−49 to 55) 0.91

 � Time spent in light 
activities as % 
waking wear time¶, 
%

26.5 (8.9) 28.3 (11.3) 1.8 (−6.1 to 9.7) 25.8 (10.7) 27.9 (11.9) 2.1 (−0.5 to 4.8) −0.1 (−6.1 to 5.9) 0.98

 � Time spent in 
MVPA**, min/day

48 (25) 65 (29) 17 (4 to 31)* 36 (22) 38 (22) 2 (−2 to 5) 18 (8 to 28) 0.001*

 � Time spent in MVPA 
as % waking wear 
time††, %

5.2 (2.6) 7.0 (2.9) 1.8 (0.5 to 3.3)* 3.8 (2.3) 4.0 (2.2) 0.2 (−0.2 to 0.5) 2.0 (0.9 to 3.0) <0.001*

Values are presented as mean (SD) and mean difference (95% CI). High self-reported goal achievement was defined as ≥70% achievement of the main goal. One participant assigned to the 
intervention group had missing goal achievement data and was excluded from the analysis. Participants in the sham group were regarded as compliant with the sham intervention if they 
completed all six sham calls.
*P<0.05 was considered significant.
†Time in SB accumulated in bouts of ≥30 min.
‡Duration of the sedentary bout corresponding to 50% of daily accumulated time in SB. Higher values indicate a tendency to accumulate SB in more prolonged bouts.
§Time spent standing plus time spent stepping at <3 METs.
¶Proportion of waking wear time spent standing plus time spent stepping at <3 METs.
**Time spent stepping at ≥3 METs.
††Proportion of waking wear time spent stepping at ≥3 METs.
METs, metabolic equivalents; MVPA, moderate-to-vigorous intensity physical activity; SB, sedentary behaviour.
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CONCLUSIONS
A 6-week behaviour change intervention did not reduce time spent 
in SB compared with a sham intervention in people with stable 
moderate-to-severe COPD. Further research is needed to deter-
mine the optimal intervention design, timing and selection of 
participants to elicit significant change in SB, before the effects of 
such interventions on important markers, such as cardiometabolic 
risk factors, can be evaluated. Reinforcing the concept of ‘moving 
more’ and participation in PA of any intensity, rather than ‘sitting 
less’, may be a more appropriate focus of behavioural interventions 
in future studies.
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RESUMO
Introdução A pressão positiva contínua nas vias respirató-
rias (CPAP) e o oxigénio nasal de alto fluxo (HFNO) propor-
cionam um melhor fornecimento de oxigénio e um apoio 
respiratório para doentes com COVID-19 grave. Atualmente, 
a CPAP e o HFNO estão designados como procedimentos 
geradores de aerossóis, apesar dos escassos dados experi-
mentais de alta qualidade. O nosso objetivo foi caracterizar 
a emissão de aerossóis de HFNO e CPAP e comparar com a 
respiração, a fala e a tosse.
Materiais e métodos Foram recrutados voluntários sau-
dáveis para respirar, falar e tossir em teatros de fluxo laminar 
ultra limpos, seguidos pelo uso de CPAP e HFNO. A emissão 
de aerossóis foi medida usando duas metodologias discretas 
em simultâneo. Os doentes hospitalizados com COVID-19 
registaram a tosse recorrendo à mesma metodologia na 
unidade de doenças infecciosas.
Resultados Em voluntários saudáveis (n=25 indivíduos; 
531 medidas), a CPAP (com filtro de porta de exalação) 
produziu menos aerossóis do que a respiração, a fala e a 
tosse (mesmo com grandes fugas nas máscaras faciais >50 
L/min). A tosse esteve associada às maiores emissões de 
aerossóis de qualquer atividade registada. O HFNO esteve 
associado à emissão de aerossóis. No entanto, esta proveio 
da máquina. As partículas geradas foram pequenas (<1 µm), 
passando da máquina, através do doente e para o detetor 
sem coalescência com o aerossol respiratório, sendo assim 
pouco provável que transportassem partículas virais. Foram 
gerados mais aerossóis na tosse de doentes com COVID-19 
(n=8) do que em voluntários.
Conclusões Em voluntários saudáveis, a CPAP padrão não 
humidificada está associada a menor emissão de aerossóis 
do que a respiração, a fala ou a tosse. A emissão de aeros-
sóis a partir das vias respiratórias não parece ser aumentada 
por HFNO. Embora as comparações diretas sejam complexas, 
a tosse parece ser o principal risco gerador de aerossóis de 
entre todas as atividades medidas.

INTRODUCTION 
The WHO describes disease transmission through 
three routes: physical contact, ‘droplet’ inhalation 
(larger particles which settle in a reasonably short 
distance) or ‘airborne’ (smaller particles which travel 
as aerosols on air currents, remaining in the air for 
longer and distributing over a wide area).1 SARS-
CoV-2, the virus that causes COVID-19, can be 
transmitted via aerosols with aerosol emission being 
the putative mode of transmission for many super-
spreading events.2 3 Although the exact size of aerosol 
particles responsible for airborne transmission (and 
the ability of virus to survive in these particles) 
continues to be debated, it is clear that the disper-
sion of particles smaller than 5 µm is largely deter-
mined by the room ventilation (air exchange) rate, 
thereby posing a potential risk to include those not 
in close contact, especially in poorly ventilated areas.4 
Quantifying the concentration of particles of this size 
range is therefore critical for understanding the risk 
of disease transmission.

Traditionally, medical procedures are deemed as 
‘aerosol generating’ when there is a perceived risk 
of increased generation of aerosol from the patients’ 
mucosa or respiratory tract compared with normal 
breathing, exposing staff and others in the vicinity to 
risk of inhalation of aerosolised airborne virus. For 
these aerosol-generating procedures (AGPs), an extra 
set of infection control precautions are mandated.5–7 
These additional precautions often involve: segre-
gating these patients from others, changing personal 
protective equipment to include FFP3 (or N95) 
masks that limit aerosol inhalation rather than fluid-
resistant surgical masks (FRSMs), ensuring adequate 
ventilation, and allowing ‘fallow’ time between proce-
dures to allow aerosol to disperse.

These mitigation strategies have significant impact 
on healthcare capacity, costs and potential harms; it is 
therefore critical to accurately identify whether these 
procedures truly do generate aerosol.8 Our aim was 
to identify whether procedures generate appreciable 
aerosol and whether the aerosol number concentra-
tion is lower than that generated by a cough. If so, the 
AGP is likely of low risk and misclassified.

Oxygen delivery and respiratory support 
including continuous positive airway pressure 
(CPAP) and high-flow nasal oxygen (HFNO) are 
used for the management of hypoxaemic respira-
tory failure complicating COVID-19 pneumonia. 
CPAP and HFNO are currently deemed AGPs by 
both the WHO and Public Health England (now the 
UK Health Security Agency), although the evidence 
for these recommendations is sparse.5 7 9 10 Current 
guidance stipulates the need to cohort these patients 
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Key messages

What is the key question?
uDo high-flow nasal oxygen (HFNO) and 

CPAP produce clinically relevant aero-
sols?

What is the bottom line?
uIn healthy volunteers, CPAP produced 

no aerosol, and HFNO produced no cli-
nically relevant aerosol, while coughing 
was associated with significant aerosol 
production.

Why read on?
uManagement of patients in respiratory fai-

lure with potentially infectious pathogens 
remains a complex area with little evidence. 
This paper provides some of the first high-
quality data on potential risks associated 
with aerosol emissions.
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and universal FFP3 usage in any setting where a patient is receiving 
CPAP or HFNO. However, universal FFP3 usage is not currently 
recommended when caring for general inpatients with COVID-19, 
despite the potential risks from breathing, speaking and coughing 
in this setting.

In this study, we set out to quantify aerosol generation in both 
CPAP and HFNO and compare it with breathing, speaking and 
coughing without these supports.

METHODS
Full technical methods are in the online supplemental appendix S1. 
In brief, healthy volunteers were recruited in ultra-clean, laminar 
flow operating theatres and underwent a protocolised set of 
testing (breathing, speaking and coughing) under different oxygen 
delivery systems and without respiratory support. Participants were 
instructed to perform three voluntary coughs into the measuring 
funnel, moving their head away from the funnel after each cough.

Aerosol measurements were taken simultaneously by two separate 
devices, the Aerodynamic Particle Sizer (APS) and Optical Particle 
Sizer (OPS) (both manufactured by TSI), via a 3D-printed funnel 
and through 0.45 m of conductive silicone tubing. Both devices were 
included as they work on differing technologies and are able to detect 
aerosols of differing sizes (APS, 0.5–20 µm; OPS, 300 nm–10 µm).

Aerosol number concentrations were compared via Wilcoxon 
rank-sum tests on paired data, with a Bonferroni adjusted p value for 
multiple comparisons. Speaking and breathing were assessed as the 
average number concentration of aerosol during the activity, whereas the 
peak number concentration was recorded for coughing. Given the non-
parametric nature of the data, we report median and IQR for all results.

COVID-19 Patients were recruited on the infectious disease ward 
and had measurements of cough taken using the same methodology. 
Each measurement was taken at the bedside in single occupancy 
negative pressure rooms that draw clean air from the ventilation 
system above. However, background aerosol concentration was 
significantly higher than in the operating theatres, precluding reli-
able measurements of breathing and speaking.

RESULTS
Overall results and demographics
Thirty-three participants were recruited, of which 25 were healthy 
volunteers, and 8 were hospitalised patients with COVID-19. Thir-
teen (57%) of the volunteers were female, with a median age of 35 
years (IQR 32–40 years), weight of 72 kg (IQR 64–79 kg), height of 
1.74 m (IQR 1.64–1.79 m) and body mass index (BMI) of 23.6 kg/m2 
(IQR 22.0–25.5 kg/m2).

Hospitalised patients with COVID-19 were older (mean age 55 
years, IQR 49–59 years), with five men and three women. Height and 
weight were available for two patients: both were 170 cm tall; one 
weighed 85 kg (BMI: 29.4 kg), the other weighed 139 kg (BMI: 48.1 kg).

Volunteer aerosol emission
Table 1 describes the number of times each activity was performed, 
and on how many volunteers, alongside aerosol emission for each 
activity. The number of activities does not match the number of 
participants, as some volunteers (n=6) repeated the assessments on 
a different day to check repeatability, and some measurements were 
only performed on certain participants.

Correlation between the APS and OPS devices was high (r=0.98 
unlogged, r=0.80 logged), despite the differing methodologies. 
Therefore, further analysis reports the APS figures in the text only, 
except where stated.

Figure  1A,B,C shows the aerosol number concentrations of each 
activity for volunteers, as reported by the APS (see online supplemental 
figure S4 for the OPS) and shows the clear variation in aerosol concen-
trations as well as the typical log-normal distribution. For baseline 
measurements, speaking produced more aerosol than breathing, and 
wearing an FRSM significantly reduced measured aerosol emission 
during both speaking (median 0.88 vs 0.03 particles/cm3, p<0.0001) 
and coughing (median 1.52 vs 0.12 particles/cm3, p<0.0001).

Continuous positive airway pressure
As shown in figure  1, aerosol emission sampled from partici-
pants receiving CPAP is greatly reduced compared with baseline 

measurements while breathing, speaking and coughing. Even with 
a large induced face mask air leak (>50 L/min), the aerosol emission 
measured over that leak during coughing was lower than in parti- 
cipants not receiving CPAP (0.12 vs 1.52 particles/cm3; p<0.0001). 
At the filtered CPAP exit port, the aerosol emission was negligible 
and much reduced compared with those emitted during breathing, 
speaking or coughing in ambient room air (p<0.0001 for all 
comparisons).

Removal of the CPAP mask was associated with some aerosol 
emission, but this was significantly less than a cough in a healthy 
volunteer (peak of 0.36 particles/cm3 vs 1.52 particles/cm3, p<0.0001). 
In summary, CPAP was not associated with increased aerosolisation, 
but conversely was associated with much lower recorded aerosol 
number concentrations across all settings.

High-flow nasal oxygen
Assessment of aerosol emission from HFNO was complex. Our 
initial experiment used a single HFNO machine, with details 
described below.

HFNO was associated with increased aerosol number concentra-
tions compared with breathing ambient room air (median aerosol in 
HFNO 30 L/min, 0.277 particles/cm3; HFNO 60 L/min, 1.86 particles/
cm3; ambient air 0.03 particles/cm3, p<0.0001 for all comparisons).

Higher flow rates (60 L/min) were associated with higher reported 
aerosol number concentrations than lower flow rates (30 L/min) for 
speaking (1.86 vs 0.246 particles/cm3, p<0.001), breathing (1.86 vs 
0.277 particles/cm3, p<0.001), but not coughing (3.01 vs 2.96 parti-
cles/cm3, p=0.002), nor coughing with a surgical face mask (0.63 vs 
0.24 particles/cm3, p=0.007), as both did not meet the Bonferroni 
corrected threshold (p=0.0004).

On review, the characteristics of the aerosol emissions during 
HFNO were not consistent with production of aerosol from the 
respiratory tract or mucosal surfaces, and aerosol was emitted 
even when the machine was unattached to the patient. We there-
fore performed a set of experiments to assess the source of this 
aerosol and their size distribution, with full experimental detail 
and results in the online supplemental appendix (see ‘Aerosol 
Concentrations Generated by HFNO’ and online supplemental 
figures S5–S8).

Importantly, we found that aerosol emission varied greatly among 
machines (two of four tested machines did not generate any aerosol), 
and that the size distribution of aerosol was not consistent with 
aerosol from the respiratory tract.

Patients with COVID-19 versus healthy volunteers
In total, eight patients were recruited with COVID-19. Demo-
graphics of these patients are recorded in online supplemental 
table S2. Measurement of aerosol concentrations generated by 
these patients was technically difficult due to the acute clinical 
environment, infection control requirements and the” room’s 
higher background aerosol number concentration, necessitating 
high efficiency particulate air (HEPA) filtration to reduce this 
concentration and allow respiratory aerosol measurements. Four 
participants were on standard, low-flow nasal oxygen, while 
the others were breathing room air. For four participants, the 
background aerosol concentration in the room was higher than 
median concentrations generated by speaking and breathing 
measured in the ultra-clean theatres, so we only report the aerosol 
emission from coughing.

Figure  2 shows the aerosol emission recorded during coughing 
for both patients and volunteers. Compared with volunteers, patients 
with COVID-19 had higher aerosol emission when coughing (n=8; 
10.5 vs 1.52 particles/cm3, p=0.002) and when coughing wearing an 
FRSM, although due to low numbers neither met Bonferroni correc-
tion (n=3, 0.94 vs 0.12 particles/cm3, p=0.03).

Importantly, the size distribution of aerosol particles in patients 
with COVID-19 was very similar to healthy volunteers (online 
supplemental figure S4). Breathing, speaking and coughing all gene- 
rated aerosol particles in a log-normal size distribution with the peak 
in the 0.5–1 µm diameter range, consistent with previous reports 
of the size distribution of respiratory aerosol emissions.11–14 This 
supports the use of healthy volunteers as proxies for patients infected 
with SARS-CoV-2.
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Repeated measurements
For a subset of healthy volunteers (n=6), repeated measurements 
were made 1 month later. In total, there were 116 measurements 
repeated, (76 APS; 40 OPS). Correlation with the original measu- 
rement was moderate (r=0.71 on logged data), although this was 
driven by strong correlation in breathing (r=0.81), rather than 
speaking (r=0.17 on logged data) and coughing (r=0.38 on logged 
data) suggesting aerosol concentrations from breathing are relatively 
consistent for any individual recorded over a period of time, given 
the limitations inherent in the small numbers. In general, measure-
ments on the second visit were marginally lower, which may repre-
sent slight differences in the experimental set-up.

Online supplemental figures S1 and S2 show these data, coloured 
by participant (S1) and activity (S2). Online supplemental figure S3 
shows a Bland-Altman plot of this relationship.

DISCUSSION 
Summary
This study comprehensively characterised the aerosol generation 
during standard CPAP and HFNO procedures, as compared with 
normal breathing, speaking and coughing. CPAP delivered by face 
mask with exhalation filter was actually associated with lower aerosol 
number concentrations, even when large air leaks created around 
the CPAP face mask (>50 L/min) reflect the disruptions in CPAP of 
routine clinical care. For HFNO, aerosol concentrations were higher 
than baseline recordings. However, this additional aerosol was only 
present in some machines and largely disappeared with the use of 
a filter between the device and the patient. The size distribution of 
aerosol was unchanged when measured directly from the device or 
when attached to a patient, further supporting a non-biological origin.

Therefore, CPAP and HFNO should not be deemed AGPs, 
and provide no greater risk to healthcare staff relative to patients 
breathing, coughing and talking.

This is the first study to report on aerosol emission from patients 
with active COVID-19, with previous work on primates only.15 While 
the data suggest that peak aerosol concentrations from coughs are 
higher than those from healthy volunteers without COVID-19, the 
background aerosol concentration on the ward was too high to 
report data on speaking and breathing.

Our analysis shows that a single cough generates at least 10-fold 
more aerosol particles at the peak concentration relative to the 
mean concentration for speaking or breathing (median concentra-
tions of 1.52 particles/cm3, 0.088 particles/cm3 and 0.03 particles/

cm3 for cough, speaking and breathing, respectively, p<0.0001 for all 
comparisons).

In summary, our data (in concert with prior research on AGPs,9 12 
epidemiological studies showing lower risk to staff working in inten-
sive care16–20 and with viral loads higher earlier in infection, when 
patients are more often on the general wards21) suggest that risk of 
SARS-CoV-2 infection is not due to CPAP or HFNO generating 
infective aerosols. This has implications for infection and preven-
tion control policy since aerosol generation appears greatest from 
patients with COVID-19 who are coughing.

Strengths and weaknesses
This study has multiple strengths. First, it was performed in ultra-
clean laminar flow theatres, with very low aerosol background 
concentrations, allowing accurate quantification and attribution 
of aerosol emission. Second, the strong correlation between both 
aerosol measurement modalities provides confidence that the aerosol 
measurements are reliable. Third, repeated measurements and the 
recruitment of patients with active COVID-19 allow greater inter-
pretation of clinical implications. Finally, the protocol reflects usual 
clinical care and is directly translatable to the health service delivery.

However, there are some important weaknesses. First, measure-
ment methodology employed by the APS and OPS uses relatively 
low flow rates (1 L/min and 5 L/min, respectively). These mean that 
very short, high-impact aerosol emissions (eg, cough) may be hard 
to quantify. However, this applies to all APS and OPS technology, and 
does not limit relative comparison between oxygen delivery systems. 
Second, our assessment of patients with COVID-19 is limited, as we 
only recruited hospitalised patients and were only able to reduce 
background aerosol emission enough to reliably measure cough. 
Although these data are limited, they suggest that aerosol emission 
from patients with COVID-19 is likely to be higher than in volun-
teers, and underlines the difficulties in making these measurements 
in real patients.

It is important to note that the majority of our measurements (like 
in all other studies so far) come from healthy volunteers. It is likely 
that demographics (weight, height, age) have some impact on aerosol 
emission, and therefore some caution must be taken in extrapolating 
the raw data on aerosol emission, although we have no reason to 
suspect the changes in aerosol emission seen with delivery systems 
would dramatically change.

Finally, our non-humidified CPAP system uses full face masks 
with exhalation filters, which are standard care in our hospital and 

Table 1  Aerosol emission produced across all activities in healthy volunteers

Oxygen delivery Activity Number of measurements
Aerosol emission (APS, 
particles/cm3)*

Aerosol emission (OPS, 
particles/cm3)*

Nil Breathing 25 0.044 (0.022–0.08) 0.042 (0.023–0.125)

Nil Speaking 25 0.088 (0.064–0.212) 0.121 (0.075–0.237)

Nil Speaking with FRSM 23 0.03 (0.016–0.131) 0.038 (0.013–0.166)

Nil Cough 25 1.52 (0.601–3.06) 2.14 (0.49–4.382)

Nil Cough with FRSM 23 0.12 (0.06–0.555) 0.15 (0.06–0.57)

HFNO (60 L/min) Breathing 20 1.861 (1.54–3.458) 2.921 (2.127–5.044)

HFNO
(60 L/min)

Speaking 20 1.855 (1.201–2.359) 2.571 (1.65–3.255)

HFNO
(60 L/min)

Cough 21 3.006 (2.597–5.525) 4.25 (3.011–6.41)

HFNO
(60 L/min)

Cough with FRSM 10 0.63 (0.21–2.189) 0.75 (0.375–1.89)

CPAP at 15 mm Hg Breathing sampling at area of greatest natural leak 20 0.013 (0.009–0.024) 0.012 (0.009–0.035)

CPAP at 15 mm Hg Breathing sampling at exit port 20 0.002 (0–0.006) 0 (0–0.002)

CPAP at 15 mm Hg Speaking sampling at exit port 8 0 (0–0.002) 0.001 (0–0.002)

CPAP at 15 mm Hg Cough sampling at exit port 19 0.04 (0.01–0.06) 0.04 (0–0.105)

CPAP at 15 mm Hg Cough sampling at leak 17 0.12 (0.06–0.72) 0.21 (0–0.99)

CPAP at 15 mm Hg Removing CPAP mask 6 0.36 (0.195–0.57) 0.36 (0.27–0.6)

*This is the median IQR across individuals; average particles/cm3/s for continuous activities, peak particles/cm3 for sporadic activities.
APS, Aerodynamic Particle Sizer; FRSM, fluid-resistant surgical mask; HFNO, high-flow nasal oxygen; OPS, Optical Particle Sizer.
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in many NHS hospitals outside critical care, following national 
policy at the start of the pandemic.22 We cannot extrapolate to 
CPAP face masks without exhalation filters, although aerosol 
concentrations recorded from the face mask leak (unfiltered) 
were less than coughing without CPAP. As our system was unhu-
midified, we also cannot generalise to systems that use external 
humidification.

Similarly, the variability within the HFNO oxygen system used 
suggests that recorded aerosol emission may vary with device. As we 
only tested one manufacturer for each device, we cannot be sure that 
aerosol emission would differ with other manufacturers. However, as 
the mechanism of humidification and pressure generation is similar 
across different HFNO devices, it is likely that clinically relevant 
aerosol emission (eg, from the respiratory tract) is similar across 
devices. It is important to note that we cannot extrapolate to humidi- 
fied CPAP devices, although we note the use of non-humidified 
CPAP is common in the management of patients with COVID-19 
across many institutions.

We have chosen not to correct the reported particle concentrations 
sampled during each procedure to account for the effect of dilution 
by the airflow because the relative flow rate between each subject’s 
different exhalation events compared with CPAP and HFNO is ill-
defined. Thus, the uncorrected aerosol number concentrations as 
sampled by the APS and OPS do not represent the absolute quantity 
of particles generated by each activity, but can be used as a measure 
of the risk to a healthcare worker in the vicinity of the activity.

As activities such as coughing are forceful and short lived, these 
were analysed separately to the continuous activities (eg, breathing): 
short, transient activities are observed as a rapid rise in the reported 

number concentration followed by a decay over a few sample measu- 
rements (typically equivalent to 10–15 s for a cough) as the aerosol 
dissipates from the sampling funnel and is diluted by the clean 
room air. While reporting the intensive property of concentration 
allows us to compare relative yields from AGPs, it is important to 
note that estimating absolute yields or fluxes (extensive properties) 
requires knowledge of the volumetric flow rates for the gas in which 
the aerosol is dispersed. These present an additional challenge to 
measure. Although it is possible to report the absolute number of 
particles counted by the instruments (given we know their sampling 
volumetric flow rates), we cannot conclude that this is equivalent to 
the total aerosol yield without knowing the volumetric flow rate at 
aerosol source (ie, participant’s mouth).

Comparisons with previous literature
There are few published studies of aerosol generation from oxygen 
delivery systems and respiratory support. The most similar study was 
performed by Gaeckle et al, which measured protocolised respira-
tory support systems in volunteers.9 A similar protocol was used, 
although they also measured simple nasal cannulae and changes in 
respiration. Importantly, they reported a background aerosol concen-
tration of ~0.060 particles/cm3 (compared with zero under laminar 
flow), higher than we report for many activities (including breathing 
and speaking with an FRSM). As well as a high background, the 
aerosol number concentration was highly variable in their study (see 
figure 4 and E3 from reference 11, and figure 3 here for comparison). 
This variability makes reporting accurate aerosol concentrations for 
short events (eg, a cough) challenging, as we noted in recruiting our 
patients with COVID-19.

Figure 1  The aerosol number concentration sampled by an APS during baseline activities, CPAP or HFNO, reporting the mean concentration sampled 
during breathing (A) and speaking (B), and reporting the peak concentration sampled during coughs (C). Boxplots represent median and IQR. APS, 
Aerodynamic Particle Sizer; FRSM, fluid-resistant surgical mask; HFNO, high-flow nasal oxygen.
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Consistent with our study, Gaeckle et al reported non-invasive venti-
lation to be non-aerosol generating. However, by contrast, they did not 
identify increased aerosol emission with HFNO. A very recent study, 
performed by Wilson et al,23 measured aerosol counts in 10 healthy 
volunteers in a chamber, attempting to collect all exhaled aerosol. 
Similar to our study, they found coughing produced large amounts of 
aerosol compared with breathing and speaking. However, in contrast to 
our study, they identified small increases in aerosol emission with both 
CPAP (2.6-fold with single circuit) and HFNO (2.3-fold) with normal 
breathing. However, during exertion, they identified a reduction in 
aerosol emission with both of these therapies compared with breathing 
unaided. As Wilson et al comment (on our preprint), the differing results 
likely reflect different approaches to measuring and recording peak and 
average aerosol emission, but the underlying results from both studies 

suggest that coughing represents a more significant source of aerosol 
than respiratory supports such as CPAP and HFNO.

The analysis presented in this paper, along with other work 
from our group identifying that intubation does not also generate 
significant aerosol,12 suggest that the current infection and preven-
tion control aerosol risk stratification strategies based on proce-
dures rather than time spent in contact with patients coughing with 
COVID-19 may be misplaced.

Implications for clinical practice and policy
This study strongly supports re-evaluation of guidance removing 
CPAP as a high-risk AGP, with implications for more efficient 
delivery of NHS services. However, given that patients who receive 
acute respiratory support for COVID-19 are often acutely unwell and 
cough, the risk of aerosolisation of SARS-CoV-2 may be significant, 
complicating the policy changes. This work supports a re-evalua-
tion of focusing solely on AGPs as potential risky events, and a shift 
towards focusing on the patient.

CONCLUSIONS
Non-humidified CPAP delivered via a filtered mask actually reduces 
aerosol emission compared with normal breathing. HFNO does 
generate additional aerosol, however this aerosol is generated from 
the machine and not the patient, and is unlikely to pose extra clinical 
risk given the size (<1 µm). Cough appears to generate significant 
aerosols in a size range compatible with airborne transmission of 
SARS-CoV-2. Policy around aerosol generation and infection control 
should be updated to reflect these adjusted risks.
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Figure 2  Box and whisker plot comparing the aerosol sampled by an 
APS when coughing in healthy subjects and by PCR-positive patients with 
COVID-19. APS, Aerodynamic Particle Sizer; FRSM, fluid-resistant surgical mask.

Figure 3  Example of the time series of OPS (A) and APS (B) number 
concentrations sampled during a measurement of one healthy subject 
performing baseline activities, followed by CPAP then HFNO. APS, 
Aerodynamic Particle Sizer; HFNO, high-flow nasal oxygen; OPS, Optical 
Particle Sizer.
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RESUMO
Antecedentes A falta de ar é uma das principais causas 
de sofrimento e incapacidade a nível global. O sintoma 
está relacionado com múltiplos fatores, incluindo asma e 
função pulmonar, que são influenciados por fatores here-
ditários. Não existe nenhum estudo que tenha avaliado a 
herança potencial da falta de ar ao longo das gerações.
Métodos Analisámos a associação entre a falta de ar dos 
progenitores e dos seus descendentes no estudo geracio-
nal de Saúde Respiratória no Norte da Europa, Espanha 
e Austrália. Os dados sobre progenitores e descendentes 
com idades ≥18 anos em 10 centros de estudo em sete 
países incluíram demografia, falta de ar auto-reportada, 
asma, depressão, tabagismo, nível de atividade física, 
Índice de Massa Corporal medido e espirometria. Os dados 
foram analisados com recurso a regressão logística mul-
tivariável, considerando a agregação dentro dos centros 
e entre irmãos.
Resultados Foram incluídos um total de 1720 progenitores 
(idade média na avaliação de 36 anos, 55% mães) e um 
total de 2476 descendentes (média de 30 anos, 55% filhas). 
A falta de ar foi reportada por 809 (32,7%) progenitores e 
363 (14,7%) descendentes. Os fatores independentemente 
associados com a falta de ar nos progenitores e descen-
dentes incluíram obesidade, tabagismo corrente, asma, 
depressão, função pulmonar reduzida e sexo feminino. Após 
ajustar para potenciais confundidores, os progenitores com 
falta de ar apresentavam maior probabilidade de ter des-
cendentes com falta de ar, OR ajustado 1,8 (95% IC 1,1 a 
2,9). A associação não sofreu modificações devido ao sexo 
do progenitor ou dos descendentes.
Conclusão Os progenitores com falta de ar mostraram 
maior probabilidade de ter filhos que desenvolveram falta 
de ar, depois de ajustar para asma, função pulmonar, obe-
sidade, tabagismo, depressão e sexo feminino em ambas 
as gerações. Os componentes hereditários da falta de ar 
carecem de ser mais explorados.

INTRODUCTION
Breathlessness related to daily activities is common in 
many populations, affecting 15%–45% of middle-aged 
and older people in the community.1–3 Physical disa-
bility due to activity-related breathlessness, measu- 
red using the modified Medical Research Council 
(mMRC) scale,4 is associated with major adverse 
health outcomes including impaired quality of life1 5 6 
and earlier death.7 8

Breathlessness in the population is related to multiple 
factors including cardiorespiratory disease, obesity, 
deconditioning, mental state, occupational and envi-
ronmental exposures, and early life factors.1–3 9–12 Venti-
latory capacity, assessed using FEV1 and FVC, is related 
to breathlessness. This could explain why breathlessness 
is more prevalent in women, having smaller lungs and 
airways compared with men.13–15 Furthermore, airflow 
obstruction is strongly related to increased breathless-
ness,1 2 12–15 with asthma being an especially prevalent 
risk factor at younger ages.16

While heritability in asthma17–19 and lung func-
tion20–22 is well established, it is unknown whether 
breathlessness clusters across generations. No study 
has evaluated whether parents with breathlessness 
are more likely to have offspring with breathless-
ness or the potential factors underpinning any such 
association. Clustering of breathlessness across the 
generations is conceivable, as several determinants 
of breathlessness are known to be at least partly 
hereditary, including level of lung function,20 21 
physical activity,23 obesity and body fat composi-
tion, and asthma.17–19

The primary aim of this study was to evaluate 
whether parents’ breathlessness was a risk factor for 
offspring breathlessness, when accounting known 
risk factors for breathlessness in both generations. 
Second, we aimed to explore potential sex-specific 
patterns by evaluating if associations in breathless-
ness across generations were modified by the sex of 
the parent and/or the offspring.

METHODS
Study design and population
This was an analysis within the Respiratory Health in 
Northern Europe, Spain and Australia (RHINESSA) 
generation study.24 Parents were identified from the 
European Community Respiratory Health Survey 
(ECRHS, www.ecrhs.org). In 10 ECRHS study 
centres, data on their offspring were obtained for the 
RHINESSA study (www.rhinessa.net). The analysis 
database comprised one parent (mother or father) 
and one or more offspring for each parent. This study 
is reported in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines.25
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Key messages

What is the key question?
uDoes breathlessness cluster across gene-

rations?

What is the bottom line?
uBreathlessness was nearly doubled in offs-

pring of parents with breathlessness, even 
when adjusting for factors associated with 
breathlessness in both generations (obe-
sity, smoking, depression, asthma, lower 
lung function and female sex).

Why read on?
uThis is the first large population study 

evaluating breathlessness across generations 
which supports potential hereditability of 
breathlessness.
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Table 1  Characteristics of offspring (n=2476) and parents (n=1720) 
by the presence of offspring breathlessness

Factor
Offspring without 
breathlessness

Offspring with 
breathlessness P value

Offspring factors

N 2113 363

Age, mean (SD) 29.8 (7.7) 30.5 (7.4) 0.074

Daughter 1130 (53.5%) 223 (61.4%) 0.005

Asthma 285 (13.6%) 198 (54.8%) <0.001

BMI, mean (SD) 24.4 (4.5) 25.5 (5.3) <0.001

BMI category (kg/m2) <0.001

 � <20 246 (11.6%) 30 (8.3%)

 � 20–<25 1070 (50.6%) 159 (43.8%)

 � 25–<30 533 (25.2%) 103 (28.4%)

 � ≥30 199 (9.4%) 57 (15.7%)

 � Missing 65 (3.1%) 14 (3.9%)

Current smoker 242 (11.6%) 77 (21.6%) <0.001

Pack-years of smoking, 
median (IQR)

0 (0–0.1) 0 (0–3.0) <0.001

Depression 72 (10.0%) 33 (26.6%) <0.001

Exercise level 0.035

 � Almost every day 466 (22.1%) 64 (17.6%)

 � 2–3 times a week 844 (39.9%) 130 (35.8%)

 � Once a week 330 (15.6%) 67 (18.5%)

 � Less than once a week 306 (14.5%) 65 (17.9%)

 � Never 125 (5.9%) 29 (8.0%)

 � Missing 42 (2.0%) 8 (2.2%)

FEV1, mean (SD) 4.0 (0.8) 3.7 (0.8) <0.001

FVC, mean (SD) 4.7 (1.0) 4.5 (1.0) 0.022

FEV1/FVC, mean (SD) 0.8 (0.1) 0.8 (0.1) 0.002

Parent factors

Age, mean (SD) 35.7 (6.2) 36.5 (5.8) 0.021

Mother 1121 (53.1%) 210 (57.9%) 0.090

Breathlessness 651 (30.8%) 158 (43.5%) <0.001

mMRC breathlessness score 0.008

 � 0 1789 (84.7%) 286 (78.8%)

 � 1 246 (11.6%) 51 (14.0%)

 � ≥2 76 (3.6%) 24 (6.6%)

 � Missing 2 (0.1%) 2 (0.6%)

Asthma 302 (15.8%) 71 (23.4%) 0.001

Depression 190 (14.2%) 47 (18.7%) 0.069

BMI, mean (SD) 24.7 (4.3) 25.3 (4.6) 0.016

BMI category (kg/m2) 0.064

 � <20 155 (7.3%) 19 (5.2%)

 � 20–<25 1058 (50.1%) 165 (45.5%)

 � 25–<<30 618 (29.2%) 123 (33.9%)

 � ≥30 185 (8.8%) 40 (11.0%)

 � Missing 97 (4.6%) 16 (4.4%)

FEV1, mean (SD) 3.7 (0.8) 3.5 (0.7) <0.001

FEV1 % of predicted, mean 
(SD)

112.4 (19.0) 107.2 (19.6) <0.001

FVC, mean (SD) 4.6 (1.0) 4.4 (1.0) 0.006

FVC % of predicted, mean 
(SD)

110.1 (15.4) 108.6 (16.9) 0.17

Continued

Factor
Offspring without 
breathlessness

Offspring with 
breathlessness P value

FEV1/FVC, mean (SD) 0.8 (0.1) 0.8 (0.1) <0.001

FEV1/FVC<0.7 114 (5.6%) 33 (9.5%) 0.006

Current smoker 667 (34.5%) 121 (37.8%) 0.25

Pack-years of smoking, 
median (IQR)

0 (0–12.6) 1.5 (0–15.5) 0.070

Highest education 0.11

 � Primary 187 (8.8%) 40 (11.0%)

 � Secondary 651 (30.8%) 105 (28.9%)

 � University 748 (35.4%) 105 (28.9%)

 � Missing 527 (24.9%) 113 (31.1%)

Exercise level 0.033

 � Every day 135 (6.4%) 26 (7.2%)

 � 4–6 times a week 400 (18.9%) 59 (16.3%)

 � 2–3 times a week 599 (28.3%) 88 (24.2%)

 � Once a week 167 (7.9%) 22 (6.1%)

 � Once a month 128 (6.1%) 29 (8.0%)

 � Less than once a month 128 (6.1%) 24 (6.6%)

 � Never 258 (12.2%) 64 (17.6%)

 � Missing 298 (14.1%) 51 (14.0%)

Data presented as frequency (%) or mean (SD) unless otherwise indicated.
BMI, Body Mass Index; mMRC, modified Medical Research Council.

Table 1  Continued

Parents
The ECRHS study surveyed population-based random samples of 
adults aged 20–44 years in 1992 (~3000 per research centre) in 56 
study centres across 25 countries.20 21 This study includes the cohort 
from 10 study centres in Northern Europe, Spain and Australia with 
clinical examinations including spirometry. These 10 centres were 
Aarhus (Denmark); Bergen (Norway); Gothenburg, Uppsala and 
Umeå (Sweden); Reykjavik (Iceland); Tartu (Estonia); Huelva and 
Albacete (Spain); and Melbourne (Australia). The remaining 46 
centres did not examine the participants’ offspring and were conse-
quently not part of the RHINESSA generation study.

Offspring
All adult offspring (≥18 years) of parents from the following ten 
ECRHS centres were invited to complete questionnaires and 
participate in clinical examination including spirometry in 2013–
2015.24 Spirometry was  performed using standardised protocols 
similar to those used for investigation of their parents.24 The ques-
tionnaires were web-based in all centres except for the Swedish 
centres, where postal questionnaires were used. In total, 33.5% of 
the invited adult offspring participated in the study, with response 
rates varying across centres from 18.6% in Tartu to 73.7% in 
Melbourne.26

The current analysis is based on this adult offspring study of 
men and women aged ≥18 years with physiological data including 
spirometry. Exclusion criteria for the present analysis were inability 
to walk for other reasons than breathlessness (as most breathless-
ness is related to physical activity) and missing data on breathless-
ness in parents or offspring.

Assessments and definitions
Breathlessness was defined similarly in parents and offspring as 
the self-report of any of the following symptoms during the last 12 
months: (1) breathlessness when having wheezing and whistling in 
the chest, (2) attack of shortness of breath when at rest, (3) attack of 
shortness of breath following strenuous activity or (4) being woken 
by an attack of shortness of breath. Breathlessness and other factors 
were assessed at the first available data point for parents (ECHRS I) 
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and in offspring (RHINESSA). In parents, data were also available on 
breathlessness on the mMRC breathlessness scale.4

Data were obtained for both parents and offspring on age; sex; study 
centre; self-reported asthma diagnosed by a physician; history of 

depression; smoking status (never, former or current smoker); pack-
years of smoking; level of highest completed education (primary, 
secondary, university); self-reported level of physical activity (‘How 
frequently do you exercise?’: almost every day; two to three times 
a week, once a week, less than once a week, or never). Assessments 
included height, weight and spirometry (FEV1 and FVC). Postbron- 
chodilator values were used if available or else prebronchodilator 
values. Predicted spirometry values were calculated using the Global 
Lung Function Initiative 2012 reference.27

Statistical analyses
Characteristics of parents and offspring were summarised as 
frequencies and percentages for categorical variables, and as mean 
with SD or median with range or IQR for continuous variables 
with normal or skewed distributions, respectively.

Associations with breathlessness were analysed using multi-
level logistic regression with random intercepts (using the STATA 
command ‘meqrlogit’). All models accounted for clustering within 
study centres and between siblings. Associations were presented 
as OR with 95% CI. Associations between covariates and breath-
lessness were first analysed separately for parents and offspring. 
The main analysis was of the association between breathlessness 
in parents (exposure of main interest) and breathlessness in their 
offspring (outcome), adjusted for potential confounders on two 
levels (parents and offspring).

Table 2  Factors associated with breathlessness in parents

Parental factor
Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Age (per 1 year) 1.0 (1.0 to 1.0) 1.0 (0.9 to 1.0)

Female versus male 0.9 (0.8 to 1.1) 0.5 (0.3 to 0.8)

Body Mass Index (kg/m2)

 � <20 1.0 (0.7 to 1.4) 1.2 (0.6 to 2.3)

 � 20–<25 1 (ref) 1 (ref)

 � 25–<30 1.2 (1.0 to 1.4) 1.5 (0.7 to 2.9)

 � ≥30 1.7 (1.3 to 2.39) 2.3 (1.0 to 5.1)

Asthma 15.1 (11.1 to 20.4) 16.3 (10.1 to 26.1)

Current smoker 1.9 (1.6 to 2.4) 2.0 (1.3 to 2.9)

Pack-year of smoking (per one unit) 1.0 (1.0 to 1.0) 1.0 (1.0 to 1.0)

Depression 2.1 (1.6 to 2.8) 1.8 (1.2 to 2.7)

Highest education

 � Primary 1.3 (0.9 to 1.8) 1.1 (0.6 to 1.8)

 � Secondary 1 (ref) 1 (ref)

 � University 1.1 (0.9 to 1.3) 1.3 (1.0 to 1.9)

FEV1/FVC<0.7 4.7 (3.3 to 6.9) 3.5 (1.5 to 8.3)

FVC (per 1 L) 0.9 (0.8 to 1.0) 0.7 (0.5 to 0.8)

Associations analysed using random effects logistic regression accounting for 
clustering by study centre. Unadjusted analyses were conducted for each factor 
separately. In the adjusted model, each factor was adjusted for all other factors in 
the model.
ref, reference.

Table 3  Factors associated with breathlessness in offspring

Offspring factor

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Age (per 1 year) 1.0 (1.0 to 1.0) 1.0 (1.0 to 1.0)

Female versus male 1.4 (1.1 to 1.7) 1.5 (1.1 to 2.0)

Body Mass Index (kg/m2)

 � <20 0.8 (0.5 to 1.2) 0.7 (0.4 to 1.1)

 � 20–<25 1 (ref) 1 (ref)

 � 25–<30 1.4 (1.0 to 1.8) 1.4 (1.0 to 1.9)

 � ≥30 2.1 (1.5 to 2.9) 2.0 (1.3 to 3.1)

Asthma 7.7 (6.0 to 9.8) 7.4 (5.7 to 9.7)

Current smoking 2.1 (1.6 to 2.8) 2.1 (1.5 to 3.1)

Pack-year of smoking (per one unit) 1.1 (1.0 to 1.1) 1.1 (1.0 to 1.1)

Depression 3.2 (2.0 to 5.2) –

Highest education

 � Primary 1.8 (1.0 to 3.5) 1.2 (0.6 to 2.6)

 � Secondary 1 (ref) 1 (ref)

 � University 1.2 (0.9 to 1.5) 1.0 (0.8 to 1.4)

Associations analysed using random effects logistic regression accounting for 
clustering by study centre. Unadjusted analyses were conducted for each factor 
separately. In the adjusted model, each factor was adjusted for all other factors 
in the mode. Due to high number of missing data, depression (n=1632 missing) 
and lung function (n=1381 missing) were not included in the multivariable model. 
When analysed in the subsample with data (in the fully adjusted model), depression 
associated with breathlessness (OR 2.2, 95% CI 1.2 to 3.9), whereas there were no 
clear associations for offspring airflow obstruction (FEV1/FVC<0.7, p=0.18, or FVC, 
p=0.55).
ref, reference.

Table 4  Associations between breathlessness in parents and their 
offspring

Exposure variable

Association with offspring breathlessness, OR 
(95% CI)

Crude

Adjusted for 
parental factors 
only

Adjusted for both 
parental and offspring 
factors

Parental breathlessness, 
main analysis

1.7 (1.3 to 
2.2)
n=2476

1.8 (1.1 to 2.7)
n=1143

1.8 (1.1 to 2.9)
n=1040

Parental breathlessness, 
defined without 
concurrent wheeze

1.6 (1.1 to 
2.5)
n=2476

1.8 (0.9 to 3.4)
n=1058

1.5 (0.7 to 3.2)
n=961

Association between parental and offspring breathlessness, analysed using logistic 
regression, accounting for clustering within centres and between siblings. Estimates 
are expressed as ORs with 95% CIs. Adjustment factors in parents and offspring 
were age, sex, Body Mass Index category, asthma, current smoking, pack-years of 
smoking, depression (parents only), highest education, airflow limitation (FEV1/
FVC<0.7, parents only) and FVC (parents only). See table 1 for abbreviations.

Figure 1  Breathlessness prevalence in offspring by sex of parent and 
child, adjusted for age of both generations. Analysed using random 
effects logistic regression accounting for clustering between siblings and 
within study centres. The model is fully adjusted for parental factors in 
table 2.
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Potential confounders were selected a priori based on subject 
matter knowledge and previous population studies1–3 11–13 28 using 
a directed acyclical graph (shown in online supplemental figure 
S1).29 Factors included were parental age, sex, Body Mass Index 
(BMI), asthma, current smoking, pack years of smoking, depres-
sion, education level, airflow obstruction (FEV1/FVC <0.70) 
and FVC. The primary model adjusted for factors measured in 
the parents, as these exposures preceded the outcome (offspring 
breathlessness). Models adjusted also for the similar factors in 
offspring were also fitted. We evaluated whether the association 
between parental and offspring breathlessness was modified by the 
sex of the parent and/or offspring by adding interaction terms to 
the fully adjusted model.

Sensitivity analyses were conducted: (1) adjusting for level of 
physical exercise in parents and offspring in addition to the other 
factors in the model. Physical activity was not included in the 
main model as it could be both a potential mediator or conse-
quence (collider factor) rather than a determinant of breath-
lessness and thus potentially bias the findings; (2) not using the 
criterion ‘breathlessness when having wheezing and whistling 
in the chest at any time in the last 12 months in the outcome 
definition of breathlessness, due the its potential relationship to 
asthma; and (3) also adjusting for offspring lung function (level 
of airflow limitation (FEV1/FVC) and FVC) in the subcohort 
with data available; (4) analysing the association for parental 
breathlessness measured using the mMRC scale (available in 
parents only).4

Statistical significance was defined as a two-tailed p value of 
<0.05. All the analyses were conducted using STATA V.16.0.

RESULTS
A total of 1720 parents (mean age at inclusion 36 years (SD 6.4), 
55% mothers) and 2476 offspring (mean age 30 years (SD 7.7), 
55% daughters) were included in the analysis (table 1). Breath-
lessness was reported by 809 (32.7%) of parents and by 363 
(14.7%) of offspring. Characteristics of participants by the pre- 
sence of offspring breathlessness are shown in table 1.

Asthma was strongly related to breathlessness, both among 
parents and offspring (table  1). Asthma was more common in 
people with breathlessness versus those without breathlessness, 
both in parents (36.7% vs 4.5%, p<0.001) and in the offspring 
(54.6% vs 13.5%, p<0.001). Thus, about half of offspring with 
breathlessness also reported having asthma.

In parents, factors independently associated with higher 
breathlessness prevalence were male sex, obesity, asthma (strong 
association with adjusted OR 16.3, 95% CI 10.1 to 26.1), current 
smoking, history of depression, presence of airflow obstruction 
and lower FVC (table 2).

In offspring, a similar pattern of associations was found as that 
in parents (table 3), except that the sex distribution was reversed 
with greater breathlessness in women. Asthma was the factor 
most strongly related to breathlessness also in the offspring (OR 
7.4, 95% CI 5.7 to 9.7). In these two samples of relatively young 
adults, age was not associated with breathlessness, neither in 
parents nor offspring.

In the two-generation analyses shown in table 4, parents with 
breathlessness were more likely to have offspring with breathless-
ness (19.5% vs 12.3% of their offspring reporting breathlessness, 
p<0.001; crude OR 1.7, 95% CI 1.3 to 2.2). In multivariable analy- 
sis, parents with breathlessness had independently increased risks 
of offspring reporting breathlessness. The association remained 
unchanged even after adjusting for both parental and offspring 
factors including asthma (adjusted OR 1.8, 95% CI 1.1 to 2.9) 
(table  4). In the sensitivity analysis excluding breathlessness in 
relation to wheeze from the outcome definition (as this was most 
likely related to asthma), the association between parental and 
offspring breathlessness was somewhat weaker (OR 1.5, 95% CI 
0.7 to 3.2), and the precision decreased (and fewer participants 
and outcome events were included in the analyses) as shown by 
the wider CI in table 4. When also adjusting for offspring lung 
function (n=1381 (56%) with data) in addition to the other 

parental and offspring factors, parental breathlessness was still 
strongly associated with increased breathlessness in offspring 
(adjusted OR 2.4, 95% CI 1.1 to 5.3).

The association between parental breathlessness and higher 
risk of breathlessness in offspring was consistent when defining 
parental breathlessness using the mMRC scale. Compared with 
those with mMRC=0, parents with a mMRC of ≥2 had a more 
than three times increased odds of having offspring with breath-
lessness (OR 3.2, 95% CI 1.4 to 7.5), adjusting for both parental 
and offspring factors.

Female sex of either the parent (mother with breathlessness) 
or offspring (daughter) was associated with slightly higher pre- 
valence of offspring breathlessness, as shown in figure 1. However, 
the sex of parent or offspring did not modify the association 
between parental and offspring breathlessness (p for interac-
tion=0.48 by likelihood ratio test). The association between 
parental and offspring breathlessness was similar when adjusting 
also for physical exercise of parents and offspring in addition to 
the other factors in the model (OR 1.8, 95% CI 1.1 to 3.0).

DISCUSSION
In this large international study of 1720 parents and 2476 off-
spring, there was substantial clustering of breathlessness across 
two generations. Parents who reported breathlessness as young 
adults were more likely to have offspring who had developed 
breathlessness as young adults. Obesity, smoking, depression, 
asthma, lower lung function and female sex were associated with 
breathlessness in each generation. If the parents had breathless-
ness, the odds of having an offspring with breathlessness was in-
creased by 80%, even after controlling for these determinants of 
breathlessness in both the parents and the offspring.

This is the first study exploring breathlessness across genera-
tions. The findings extend the understanding of breathlessness in 
several important ways. First, it finds that factors associated with 
breathlessness were similar in both parents and their offspring, 
which is a novel finding. The expected associations with 
increased breathlessness were seen for factors such as obesity, 
airflow obstruction and FVC, which supports the validity of the 
present findings. In a novel second step, we reported a strong 
association between parental and offspring breathlessness. Third, 
this clustering of breathlessness across the generations was not 
explained by a range of the known risk factors for breathlessness 
in the population.1–3 11–13 28 Finally, this association did not show 
clear sex-specific patterns, although a weaker association was 
indicated for the father-son relationships.

Heredity of breathlessness, a multifactorial and multidimen-
sional symptom,10 likely involves a complex interplay of social, 
behavioural and other environmental, as well as genetic and 
possibly epigenetic factors. Genetic factors have been implicated 
in the development of airflow limitation, reduced lung function 
and impaired ventilatory capacity,21 which are important deter-
minants of breathlessness.13–15 Lung function and respiratory 
symptoms could also be influenced by early life and environ-
mental exposures.9 22 Genetic factors predict increased risk of 
developing chronic airflow limitation, independent of smoking 
status,21 and influence the clinical phenotype and functional 
impairment in COPD.30 Other partly inheritable factors include 
BMI and body fat distribution,31 and level of physical activity and 
sedentary behaviour.23

Genetic heritability has also been shown for anxiety and 
panic, including increased anxiety response to hypercapnia in a 
twin study.32 Mood including anxiety and depression is strongly 
related to breathlessness perception, and clustering of breath-
lessness across generations might be influenced by inheritable 
personality traits.33 In a study of pain, the symptom phenotype 
had significant and positive genetic correlations with depres-
sive symptoms, major depressive disorders and neuroticism, and 
all pain phenotypes were heritable.34 Similar genetic studies of 
breathlessness are lacking.

Asthma is a likely heritable cause of breathlessness across 
generations, especially in younger people who have a relatively 
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high prevalence of asthma compared with that of other chronic 
conditions causing breathlessness.16 Asthma has substantial 
genetic components,18 as demonstrated in twin studies.19 The 
cross-generational association in the present study became 
somewhat weaker when excluding concurrent wheeze in the 
breathlessness definition, indicating that (undiagnosed) asthma 
could be a factor underpinning the present heredity pattern for 
breathlessness. Hereditability was supported as the association 
remained in the most fully adjusted model which accounted also 
for lung function of both generations.

Strengths of this study include the use of a large, well cha- 
racterised, multicentre database. The analysis accounted for clus-
tering within centres and among siblings and evaluated a range 
of relevant factors in parents and their offspring.

A limitation was the definition of breathlessness. Optimally, 
breathlessness should be measured using validated instruments 
at standardised level of physical activity,35 but such measurements 
are rarely available in epidemiological and large-scale studies or 
across generations. We used available data on breathlessness, using 
a similar definition in parents and offspring. Findings were similar 
when analysing breathlessness using mMRC (available in parents 
only) and in a sensitivity analysis excluding concurrent wheeze. The 
breathlessness questions used may relate to varying extent to asthma, 
and the persistent strong association after adjusting for covariates 
including a history of asthma might reflect undiagnosed disease.

Although the analyses controlled for a range of relevant clinical 
factors including lung function, data were unavailable on a number 
of potential determinants of breathlessness including heart func-
tion and physical fitness, which should be further explored across 
generations. Another potential limitation is that many invited 
parents and offspring did not participate in the study. A previous 
analysis of the influence of missing data in the Respiratory Health 
in Northern Europe study showed that participants tended to 
be healthier, but that exposure–outcome associations remained 
unchanged by this selection.36 Based on this, while the prevalence 
of factors may be underestimated (including breathlessness), the 
analysis estimates are likely to be valid.

We propose further research to validate of the present findings 
using standardised measurement of multidimensional breath-
lessness; evaluate the influence of anxiety, psychosocial factors 
including personality traits, and genetic as well as epigenetic vari-
ations. This research is important for improved knowledge on the 
mechanisms underpinning breathlessness across the generations, 
to identify risk groups for developing severe breathlessness and 
to identify environmental factors amenable to interventions to 
improve respiratory health of coming generations.

In conclusion, people with breathlessness were more likely to 
have children who reported breathlessness as young adults. The 
clustering of breathlessness across generations was independent 
of lung function, asthma and a range of potential confounders in 
both generations and warrants further investigation.
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INTRODUÇÃO
A pandemia da COVID-19 é uma crise 
de direitos da criança que desafia a sobre-
vivência e o desenvolvimento a longo prazo 
de crianças e jovens em todo o mundo. As 
consequências pandémicas e indiretas das 
medidas de saúde pública associadas estão 
a agravar os fatores de stresse pré-existentes 
à sobrevivência com que as famílias mar-
ginalizadas se confrontam todos os dias, 
com consequências prejudiciais e despro-
porcionais. A interrupção dos serviços, a 
redução do acesso aos cuidados de saúde, a 
interrupção da educação e da escolaridade 
infantil e o declínio económico a longo 
prazo serão mais prejudiciais para as cri-
anças do que o próprio vírus. A Sociedade 
Internacional de Pediatria Social e Saúde 
Infantil (ISSOP) é uma organização glo- 
bal de profissionais de saúde que visa melho- 
rar a saúde e o bem-estar das crianças e 
dos jovens centrada na criança, na doença 
e na saúde, no contexto da sua sociedade, 
ambiente, escola e família. Esta Declaração 
de Posição da ISSOP descreve o impacto da 
COVID-19 nas desigualdades na saúde in-
fantil e juvenil e apela à ação dos governos, 
profissionais de saúde, investigadores e or-
ganizações ativistas.

DECLARAÇÃO DO PROBLEMA
A pandemia da COVID-19 irá ampliar a de-
sigualdade, a menos que atuemos para ga-
rantir o contrário
As melhorias na saúde e no bem-estar de 
crianças e jovens nos últimos 20 anos, em 
parte impulsionadas pelos Objetivos de 
Desenvolvimento Sustentável e do Milé-
nio, correm o risco de ser revertidas, com 
desigualdades crescentes dentro de cada 
país e entre países.1 Nos países de rendi-
mentos baixos e médios (PRBM), a pan-
demia impõe um fardo adicional a sistemas 
financeiros e de saúde frágeis e com limi- 
tações de recursos pré-existentes.2 3 A cur-
to prazo, a interrupção do acesso à saúde, 
educação e serviços sociais agrava os resul-
tados de saúde em crianças e jovens desfa-
vorecidos.3 Contudo, os impactos a longo 
prazo na saúde, bem-estar, alfabetização, 
rendimentos, oportunidades profissionais, 

habitação e efeitos intergeracionais são po-
tencialmente devastadores4 (figura 1).

Uma abordagem baseada nos direitos da 
criança para definir o impacto da pandemia 
da COVID-19 nas crianças
Os direitos enunciados na Convenção das 
Nações Unidas sobre os Direitos da Cri-
ança, adotada por todos os países, exceto os 
EUA, têm sido difíceis de fazer valer duran-
te a pandemia.

Direito à saúde e ao acesso aos cuidados de saúde 
(Artigo 24)
u	As interrupções de vários sistemas 

devido a confinamentos, restrições de 
viagem e medo diminuem o acesso 
a cuidados pré-natais, programas de 
desenvolvimento na primeira infância e 
serviços básicos de saúde e humanos.4

u	 Os nascimentos em hospitais di-
minuíram em 21% na Índia e em alguns 
países africanos. A separação pós-parto 
diminuiu as taxas de amamentação em 
muitas partes do mundo.2

u	 As visitas às instalações de cuidados de 
saúde diminuíram e os programas de 
imunização foram suspensos global-
mente, com uma redução de 69% na Ín-
dia na vacinação contra sarampo, papei-
ra e rubéola.1 Os casos de poliomielite 
selvagem nova e derivada da vacinação 
que surgiram antes da pandemia au-
mentaram este ano.2

u 	 A interrupção das cadeias de abasteci-
mento e o custo tem restringido a aqui-
sição de sabão, desinfetante de mãos, 
testes de diagnóstico, medicamentos, 
máscaras faciais e outro equipamento 
de proteção pessoal (PPE), ao mesmo 
tempo que os países têm visto o patrocí-
nio de remédios químicos ou à base de 
plantas não comprovados.2
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Direito à educação (Artigo 28)
A perturbação na educação e no apoio esco-
lar tem potencial para impactos permanen-
tes na capacidade humana em todos os con-
textos. Os encerramentos de escolas cortam 
as ligações precárias à educação e aos apoios 
sociais de base escolar, reduzindo as opor-
tunidades de educação e emprego e poten-
cialmente levando ao envolvimento com a 
justiça juvenil e ao desemprego.4 Os encer-
ramentos de escolas têm maior impacto nas 
crianças com deficiências e dificuldades de 
aprendizagem e, nos PRBM, com acesso re-
duzido ao ensino online.3

Direito a viver livre de exploração: tra-
balho infantil, abuso de drogas, exploração 
sexual, rapto, recrutamento, tráfico ou 
qualquer atividade que possa prejudicar o 
bem-estar ou o desenvolvimento (Artigos 
32/34/35/36).

Proteção contra a violência, o abuso ou a negligência 
(Artigo 19)
A perda de acesso à escola e às oportuni-
dades recreativas construtivas e o encerra-
mento das instalações infantis reduziram a 
proteção das crianças e aumentaram o risco 
de abuso infantil, de trabalho não regula- 
mentado e de recrutamento de combatentes 
entre rapazes adolescentes em PRBM.1 5 As 
dificuldades financeiras, a redução da ob-
servação extrafamiliar e a sobrecarga dos 
serviços de proteção infantil a nível glo- 
bal resultaram num aumento da violência 
doméstica e da violência sexual e baseada 
no género, estando as raparigas em maior 
risco de exploração e abuso sexuais, aumen-
to do casamento infantil e menor probabili-
dade de regressarem à escola, o que aumen-
ta ainda mais as disparidades de género.1 5

O interesse superior da criança é uma 
consideração primordial (Artigo 3).

Direito a uma sobrevivência e desen-
volvimento ótimos (Artigo 6).

Direito a um nível de vida adequado 
que apoie as necessidades mentais e físicas 
(Artigo 27).

Esperam-se impactos diferenciados nas 
crianças e jovens que vivem na pobreza de- 
vido a uma maior dependência da economia 
informal, a menores reservas financeiras, a 

Figura 1  Ondas de impacto do COVID-19 para crianças e adolescentes.
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um acesso reduzido a soluções tecnológicas 
para os cuidados de saúde e educação e a 
elevados níveis de sofrimento psicológico.1 
As comunidades sobrepovoadas em PRBM 
sem água canalizada são incapazes de ade-
rir aos regulamentos relativos ao distanci-
amento físico ou à lavagem das mãos.2 A 
fome tem sido exacerbada pela redução do 
rendimento dos cuidadores e pelo encerra-
mento dos programas de alimentação esco-
lar, das sopas comunitárias e da distribuição 
de alimentos governamentais.1 Em países 
de rendimentos elevados (PRE), as crianças 
em agregados familiares de baixos rendi-
mentos e pertencentes a minorias étnicas 
correm um risco acrescido de morte de 
adultos, deixando os agregados familiares 
sem um ou mais cuidadores.3

Existem oportunidades para usar a 
pandemia na redução das desigualdades, 
aproveitar os aspetos positivos e construir 
um futuro sustentável?

A redução da pobreza infantil, abordan-
do os determinantes da saúde e reforçando 
os sistemas de saúde para assegurar a cober-
tura universal da saúde fará avançar os direi- 
tos das crianças e dos jovens e melhorará 
a saúde e o bem-estar globais.1 3 Soluções 
inovadoras de saúde e bem-estar que sur-
giram durante a pandemia podem ajudar a 
acelerar este ideal.
u 	 Em Kerala, na Índia, redes de grupos de 

mulheres criaram PPE, estabeleceram 
cozinhas comunitárias e proporciona-
ram intervenções educativas, de lazer e 
de aconselhamento para crianças.

u	No Senegal, foram desenvolvidos testes 
de diagnóstico baratos; no Gana e no 
Quénia, foram criados fornecimentos 
locais de máscaras.

u	 Na Somália, os assistentes sociais es-
tudantis aumentaram a segurança das 
crianças no contexto de escassez de 
mão-de-obra. Em contextos PRE, o au-
mento das competências de telesaúde 
está a criar uma prestação de cuidados 
de saúde mais acessível em áreas remo-
tas e inacessíveis. 

Muitos países expandiram o alcance 
dos pacotes de rede de segurança social, 
sem abrigo, financeiros e de apoio ao 
emprego.4 Foram implementadas medi-
das para mitigar a instabilidade habita-
cional, o peso do pagamento de rendas 
e hipotecas e os despejos.1 De particular 
importância global, a pandemia causou 
uma redução nas emissões de carbono e 
uma melhor qualidade do ar. Do mesmo 
modo, a Rede das Nações Unidas para as 
Migrações recomendou às nações a im-
posição de uma moratória à detenção de 
imigrantes.

Recomendações de ação
A ISSOP reconhece os desafios durante a 
pandemia, mas, no entanto, exorta os gover-

nos, prestadores de serviços de saúde infan-
til, investigadores e organizações ativistas a 
responderem de forma urgente e definitiva 
através de uma resposta baseada nos direitos 
da criança.

Governos
u	 Direcionar recursos para o cuidado e 

proteção de crianças e jovens.4

u	 Prevenir a escassez de alimentos e a 
fome; apoiar a produção local de ali-
mentos.2 3

u	 Apoiar a educação na primeira infân-
cia.5

u	 Assegurar o acesso aos serviços de 
saúde, educação e bem-estar.1 3

u	 Fornecer acesso a habitação, água e sane- 
amento.1

u	 Controlar o trabalho infantil não regu- 
lamentado, o abuso de crianças e o 
casamento precoce. Investir em in-
fraestruturas e mão-de-obra sociais na 
educação, saúde e cuidados sociais para 
crianças e jovens vulneráveis.3

u	 Combinar respostas de emergência de 
proteção social com transições para 
programas permanentes.1

u	 Expandir e proteger o emprego.1 3

u	 Estabelecer programas de apoio finan-
ceiro, salário mínimo básico universal 
ou outras estratégias para apoiar as 
famílias.3

u	 Assegurar que os grupos marginalizados, 
incluindo os requerentes de asilo, tenham 
acesso equitativo a serviços e benefícios.1

Pediatras e prestadores de cuidados de saúde infantil
u	Preservar e melhorar os serviços de 

saúde maternos, infantis e juvenis de 
rotina, tendo a equidade como um ob-
jetivo específico.1 2

u 	 Afirmar a dignidade e os direitos das 
crianças e dos jovens.3

u 	 Defender o acesso a cuidados de saúde, 
serviços de proteção, habitação, as-
sistência social e políticas de emprego 
que apoiem as crianças e as famílias.3

u	 Promover serviços de saúde men-
tal acessíveis e de resiliência para as 
famílias.3 5

u	 Desenvolver a telesaúde e tecnologias 
que sejam sustentáveis e adaptadas ao 
ambiente específico.3

u	 Manter o foco na criança e prestar 
serviços essenciais presenciais sempre 
que necessário.3

Investigadores e grupos ativistas
u	 Promoção dos direitos da criança, da 

justiça social e da equidade na saúde.1 5

u	 Colaborar com parceiros fundamentais 
em todo o mundo para descobrir e di-
vulgar evidências destinadas a mitigar 
os impactos pandémicos nas crianças e 
jovens.3

u	 Assegurar que as crianças e jovens em 
PRBM beneficiem dos achados da in-

vestigação, da imunização e das opções 
de tratamento para a COVID-19.

u	 Mobilizar as sociedades profissionais 
internacionais e colaborar com a socie-
dade civil, especialmente crianças e jo- 
vens, em todos os aspetos da pandemia.3

CONCLUSÃO
As mortes devidas à COVID-19 serão uma 
pequena proporção das futuras mortes 
de crianças a nível global. A maioria das 
mortes irá resultar indiretamente do fraco 
acesso a nutrição, habitação, água e sanea-
mento, vacinas e cuidados de saúde uni-
versais. Esta declaração da ISSOP oferece 
ações claras para assegurar que a pandemia 
não agrave as desigualdades existentes na 
saúde com consequências duradouras e 
intergeracionais para crianças e jovens. 
Esta pandemia não deve impedir o frágil 
progresso alcançado ao longo de décadas 
na saúde e bem-estar de crianças e jovens, 
mas deve atuar como catalisador para um 
mundo mais justo e equitativo.
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