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Com perto de 800 milhões de casos registados e cerca de 7 milhões de mortes relacionadas, a Organização Mundial de Saúde 
(OMS) anunciou o final da pandemia COVID-19, aproveitando para salientar que muitos erros foram cometidos, incluindo falta 
de coordenação, equidade e solidariedade, o que fez com que recursos existentes não fossem adequadamente utilizados para com-
bater o vírus.
Mas indiscutivelmente os profissionais de saúde, no nosso país, tal como a nível global, souberam estar à altura deste tremendo 
desafio, onde imperava a incerteza e a dúvida, onde a morbilidade e a mortalidade eram à partida desconhecidas.
E muitos foram os profissionais de saúde que, infelizmente, adoeceram e perderam a sua vida, ao serem infetados pelo SARS-CoV-2. 
A OMS estima que até 180.000 profissionais de saúde possam ter morrido de COVID-19 apenas até maio de 2021, o que para além 
de trágico, criou uma lacuna considerável na prestação de cuidados de saúde às populações.
E se pode ser considerado positivo o fato de que a taxa de infeções entre profissionais de saúde ter diminuído ao longo do tempo, 
muito mais atenção deve ser considerada para minimizar este risco no nosso local de trabalho. Aprendemos com lições de que não 
nos podemos esquecer. Não devemos ser discriminados ou desvalorizados por decisões políticas sem suporte técnico-científico. 
Temos a obrigação de deixar vivo este legado para quem nos vai suceder no exercício da nossa profissão.
Neste número da revista podem encontrar novamente interessantes artigos, alguns relacionados com a recente pandemia, desde 
a avaliação da eficácia da utilização obrigatória de máscaras de proteção respiratória nas escolas da Catalunha, à avaliação do 
impacto das epidemias e pandemias na utilização dos serviços de urgência pediátrica visando influenciar as políticas de saúde, 
podendo ter de se admitir que ainda são baseadas numa incerteza considerável que deverá ser esclarecida com mais investigação 
e colaboração internacional.
Ainda na idade pediátrica, salientamos o artigo de Islam et al, “Desfechos respiratórios e alérgicos entre crianças de 5 anos expostas 
a pesticidas”, onde se comprova os potenciais efeitos nefastos de poluentes de ampla utilização. Sobre a temática da asma, destaca-
mos um artigo de Moitra et al, com resultados do European Community Respiratory Health Survey (ECRHS), um bem conhecido 
estudo epidemiológico em que o nosso país esteve envolvido, que permitiu concluir que os adultos asmáticos têm um risco mais 
elevado de desenvolver obesidade do que os não asmáticos, em especial os não atópicos, os que sofrem da doença há mais tempo 
ou que tomam corticosteroides orais para controlo dos seus sintomas.
O efeito positivo das medidas restritivas ao consumo de tabaco nos espaços interiores, as sequelas clínicas e funcionais após infeção 
tuberculosa, e os fatores que podem interferir com a esperança média de vida dos doentes com fibrose quística, merecem igual-
mente a nossa atenção e o renovar do voto de boas leituras,

Mário Morais de Almeida

Editorial

Editorial
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Artigo original 

59 Coma E, et al. Arch Dis Child 2022;108:131–136. doi:10.1136/archdischild-2022-324172

RESUMO
Objetivo Avaliar a eficácia da utilização obrigatória de 
máscaras de proteção respiratória nas escolas durante o 
primeiro período do ano letivo 2021–2022.
Conceção Um estudo retrospetivo populacional.
Enquadramento Escolas na Catalunha (Espanha).
População 599 314 crianças com idades compreendidas 
entre os 3 e os 11 anos que frequentam o pré-escolar 
(3–5 anos sem obrigatoriedade de uso de máscara) e o 
primeiro ciclo (6–11 anos com obrigatoriedade de uso 
de máscara).
Período do estudo De 13 de setembro a 22 de dezembro 
de 2021 (anterior à variante Ómicron).
Intervenções Uma comparação quase experimental 
entre as crianças no último ano do pré-escolar (5 anos), 
como grupo de controlo, e crianças no 1º ano do primeiro 
ciclo (6 anos) como grupo intervencional.
Medidas do desfecho principal Incidência de SARS-
CoV-2, taxa de ataques secundários (SAR) e número 
reprodutivo efetivo (R*).
Resultados A incidência de SARS-CoV-2 foi significativa-
mente mais baixa no pré-escolar do que no primeiro ciclo, 
e foi observada uma tendência crescente com a idade. As 
crianças de 6 anos de idade apresentaram uma maior 
incidência do que as de 5 anos [3,54% vs 3,1 % OU 
1,15 (IC 95%, 1,08 a 1,22)] e uma SAR ligeiramente mais 
baixa, ainda que estatisticamente não relevante [4,36% 
vs. 4,59%; risco relativo de incidência 0,96 (IC 95%, 0,82 
a 1,11)] e R* [0,9 vs 0,93; OR 0,96 (IC 95%, 0,87 a 
1,09)]. Os resultados mantiveram-se consistentes quando 
utilizadas as abordagens por método de regressão des-
contínua e extrapolação de regressão linear.
Conclusões Não encontrámos diferenças significativas 
na transmissão da SARS-CoV-2 devido à obrigatoriedade 
do uso de máscara nas escolas catalãs. Pelo contrário, 
a idade foi o fator mais significativo na explicação do 
risco de transmissão para as crianças que frequentam 
a escola.

BACKGROUND 
Experimental studies have established the efficacy 
of masks showing 50%–90% reductions in emis-
sions depending on the type of mask.1–6 Further-
more, some observational studies have shown 
that the use of masks can be effective in reducing 
the transmission of respiratory viruses in certain 
conditions or settings.7–10

The mandatory use of face covering masks 
(FCMs) was implemented in many countries, 
as one of the non-pharmaceutical interventions 
(NPIs) aimed at preventing the transmission of the 
SARS-CoV-2 during the COVID-19 pandemic. 
In addition, some countries extended FCM 
mandates to schools despite the European Centre 
for Disease Prevention and Control and WHO 

only recommended their use for children over 12, 
or in situations where community transmission is 
high.11 12

COVID-19 is less severe in children probably 
due to several age-related factors in innate and 
adaptive immune response.13–19 Recent studies 
about the effectiveness of FCM mandates in educa-
tional settings show mixed results.20 21 Some of 
these studies have used an ecological design, and 
their findings may have been affected by various 
limitations and confounders.

In Catalonia (Spain), schools include children 
between 3 and 12 years old. Despite education not 
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

u Only laboratory or observational studies 
have been performed to explore the effect 
of face covering masks (FCMs) or its 
mandate in preventing COVID-19 trans-
mission in schools.

uTo date, there have been no randomised 
controlled trials on the FCM mandate in 
schools.

uThere is a lack of scientific evidence suppor-
ting the decision to make FCM mandatory 
for children over 5 years of age.

WHAT THIS STUDY ADDS
uWe used a quasi-experimental design to 

study the effectiveness of the FCM man-
date, comparing the outcome between 
children with FCM and children without.

uThe differences in secondary attack rate 
(SAR) or R* between children attending 
the last preschool year (P5) and children 
in the first year of primary education were 
not statistically significant.

uAge dependency is key for understanding 
SARS-CoV-2 transmission with the Delta 
variant, reinforcing the same outcome 
that was observed with previous SARS-
CoV-2 variants.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uFCM mandate for children attending school 
is based on insufficient scientific evidence.

►► http://​dx.​doi.​org/​10.​1136/​
archdischild-​2022-​324809
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Study outcomes and epidemiological measures
The primary outcome was SARS-CoV-2 infection, defined by the 
date of the first positive RT-PCR or LFT, regardless of the presence 
of any symptom or clinical diagnosis.

For each school year, we calculated three epidemiological 
variables:

►► Incidence of SARS-CoV-2 infection: as the number of children 
with a positive test divided by the population.

►► SAR: the number of new cases in a bubble group divided by 
the total number of at-risk group members after subtracting 
the index case. SAR was calculated for each bubble group, and 
then summarised for each year as the mean and the median.

►► R*: the average number of secondary cases for each index case 
as described elsewhere.23 The average R* was calculated for all 
bubble groups within each school year.

Statistical analysisup
For descriptive analysis, we expressed continuous variables as 
mean (SD) or median (IQR) and summarised categorical vari-
ables as number (percentage). We calculated a 95% CI for SARS-
CoV-2 incidence and SAR. We used a logistic regression model 
to estimate the OR and 95% CI of SARS-CoV-2 incidences and a 
negative binomial model to estimate the incidence risk ratio (IRR) 
and 95% CI of SAR between the P5 school year, and the first year 
of primary education. From the distribution of cases, we fitted a 
negative binomial distribution to obtain the mean (R*) and the 
95% CI from the SD.

In addition, we performed a regression discontinuity design 
(RDD) analysis for incidence considering age instead of grade, as 
a part of a post hoc analysis. Finally, we ran a simulation analy-
sis assuming that the age trend observed in previous studies23 
is a parameter that should be maintained in our data across the 
different grades (see online supplemental material for further 
details of both analyses).

We used R V.4.0.0 and MATLAB V.2021b for the analyses.

RESULTS
A total of 1907 schools, 28 575 bubble groups and 599 314 (94.7%) 
pupils were included in the analysis after the exclusions (figure 1).

The number of SARS-CoV-2 infections during the study period 
was 24 762 (4.13%). Table 1 summarises the number of students, 
bubble groups and SARS-CoV-2 infections for each school year.

Figure 2 shows the 7-day moving average of SARS-CoV-2 infec-
tions by school year. We observed that all school years follow a 
similar pattern, and preschool years were consistently less infected 
than older children. Incidence was lower in preschool stage than 
in primary education, ranging between 1.74% in P3 and 5.91% in 
year 6 of primary education (table 2).

We analysed 13 404 outbreaks during the study period. On 
average, 57% had no secondary cases, but there were more 
outbreaks without secondary cases in preschool (70%) than in 
primary education (53%) (table 1). Median SAR was 0 in all years 
except for year 6 of primary education (table 2). Figure 3 shows 
the mean SAR by school year. While lower values were observed in 
preschool (2.34%, 2.77% and 4.59% in P3, P4 and P5, respectively), 
the highest value was in year 6 of primary education, with a mean 
SAR of 7.17%. The same pattern was observed for R*, highlighting 
the low values in preschool P3 and P4 and the R*>1 for years 3, 4, 
5 and 6 of primary education (figure 3).

Our main analysis shows that SARS-CoV-2 incidence and the 
percentage of positive tests were significantly higher for year 1 of 
primary education than in P5: incidence was 3.54% vs 3.1%, with 
an OR of 1.15 (95% CI 1.08 to 1.22); and test positivity was 7.98% 
(95% CI 7.69% to 8.27%) and 6.82% (95% CI 6.55% to 7.10%), 
respectively. Conversely, SAR and R* were similar for both years. 
Median SAR was 0, and mean SAR was slightly lower—but not 
statistically significant—in year 1 of primary education than in 
P5, 4.36% vs 4.59%, respectively (IRR 0.96 (95% CI 0.82 to 1.11)). 
Furthermore, R* was not significantly lower for year 1 of primary 
education either: 0.90 vs 0.93 (OR 0.96 (95% CI 0.87 to 1.09)) 
(see table 2 and figure 3). Additionally, the RDD analysis found 

being mandatory until 6, almost all children between 3 and 5 years 
old go to school and share the same building or educational space 
with older children. After school closures in March 2020, schools 
reopened in September 2020 for face-to-face classes with some 
NPI including FCM (mandatory for 6 years and older) and bubble 
groups with a fixed and stable number of students and teachers. 
The whole bubble group was quarantined and tested whenever a 
positive case was detected.22 A study performed during the first 
term of the 2020–2021 academic year showed an age dependency 
on SARS-CoV-2 transmission in schools.23 At the beginning of the 
first school term of 2021–2022, before the Omicron wave, Delta 
was the most prevalent variant, vaccination coverage was 92% for 
teachers, and children under 12 were not yet eligible for vaccina-
tion.24 This situation allowed us to perform a quasi-experimental 
study for analysing the effectiveness of the FCM mandate in 
schools.

We analysed routinely collected health data to compare the 
incidence of SARS-CoV-2, secondary attack rates (SARs) and 
the effective reproductive number (R*) among school children, 
comparing those without mandatory FCM (3–5 year olds) and 
those with FCM (6–11 year olds) during the first term of the 
school year 2021–2022, to assess the effect of FCM mandates on 
SARS-CoV-2 transmission within schools.

METHODS
Study design and data sources
A retrospective population-based cohort study was designed using 
data from the official census of school age children in Catalonia 
linked to the regional central database of reverse transcriptase PCR 
(RT-PCR) and lateral flow tests (LFTs) for SARS-CoV-2. During 
the whole study period, each time a positive case was detected by 
the health system, the whole bubble group was immediately qua-
rantined for a 10-day period, and all children were tested with an 
RT-PCR 4–6 days after their last contact with the initial case, with 
a recommendation of a second test if symptoms appeared despite 
a negative test result.

Participants, cohorts and follow-up
The study population was a cohort of children aged between 3 
and 11 years assigned to a stable bubble group according to the 
2021–2022 academic census from the Catalan Department of 
Education. We excluded those with either more than 30 or less 
than five members, to ensure better intra-group stability. We also 
excluded schools that did not have bubble groups for all nine 
academic years, to ensure similar in-school protocols for both 
cohorts.

We used data from the first term of the 2021–2022 academic 
year (13 September to 22 December 2021) for the purposes of 
recruiting, and allowed for 10 more days (until 1 January 2022) 
for the occurrence of possible secondary cases for SAR and R* 
calculations.

We defined an index case as the first case in a bubble group in 
a 10-day window, and secondary cases were defined, according 
to Catalan SARS-CoV-2 guidelines, as any case testing positive 
within the 10 days following an index case in their bubble group. 
A student testing positive after this 10-day period was considered 
as a new index case.

Analyses were performed at bubble group and academic year 
levels. Groups were analysed by school year, three in the preschool 
stage (P3, P4 and P5 according to the age of the students in each 
group) and six in the primary education stage (years 1–6, ages 
6–11 years). In Catalonia, preschool and primary education chil-
dren share the same school buildings, while kindergarten is only 
for younger children (under 3 years).

Our main analysis was the comparison of the epidemiological 
variables between children at P5 year and children at year 1 of 
primary education. The only difference between them, regarding 
NPI, was the FCM mandate: children at P5 without the manda-
tory use of FCM and children at year 1 of primary education with 
mandatory use of FCM. To contextualise, we have also compared 
the results of the other school years.
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a non-statistically significant absolute difference of −0.0089% 
(p value 0.930); and the simulation analysis extrapolating the 
regression from primary education rendered expected values for 
incidence, SAR and R* in P5 not significantly different from the 
observed (online supplemental material).

DISCUSSION
The main findings of the study show no significant differences for 
children in the last grade of preschool (P5) and the first year of 
primary education in COVID-19 transmission indicators during 
the study period, despite their difference in FCM mandate and the 
strong age dependency of transmission of SARS-CoV-2 in schools. 
This reinforces the results published for the year 2020–2021, but 
with a more transmissible SARS-CoV-2 Delta variant.23

The age trend observed for P5 and older children follows a 
different pattern when P3 and P4 are included in the analysis. 
With no mandatory use of FCM, the youngest children have 
significantly lower transmission indicators when compared with 
any other group. These findings may be related to the age decrease 
trend of the innate or adaptive immunological response, and a shift 
towards an adult-like immunological response pattern as the child 
enters primary school as had already been described.13 17 Finally, 
as primary infection with several human coronaviruses typically 
occurs early in childhood, higher production of cross-reactive T 
cells in younger children is to be expected.18 25 This might explain 
the low intraclass transmission of the SARS-CoV-2 found here and 
in some studies.26

Despite no significant differences between P5 and year 1 of 
primary education being found in transmission indicators, the 

extrapolation analysis of SAR and R* from primary education 
suggests transmission was slightly higher than expected in P5, 
although non-statistically significant. This could be explained 
by different classroom dynamics that may involve closer contact 
between the younger children, and by the lower test positivity in 
P5 compared with primary education suggesting a greater diag-
nostic effort.

Other studies that found some effects of FCM have certain limi-
tations due to their ecological design, with no distinction between 
children and adolescents in their analyses, or to not taking diffe-
rences in staff vaccination status or testing rate into account.20 27 It 
should be noted that substantial reductions in transmission have 
only consistently been detected in laboratory settings and in tightly 
controlled environments.4 9 10 However, our results are similar to 
other studies analysing the impact of mask-wearing policies for 
students in educational settings.28 29

Our study has certain limitations. We performed an intention-
to-treat analysis. This means that there may have been children in 
P5 who did use FCM, and also children in year 1 of primary educa-
tion who used them incorrectly. However, the aim of our study was 
not to measure the individual effectiveness of FCM, but to eval-
uate the effectiveness of mask mandates in the real-world context 
of schools. Although both cohorts were balanced at territorial 
and socioeconomic levels given the study design, there may be 

Figure 1   Population flow chart.

Table 1  Number of students, bubble groups and SARS-CoV-2 infections by grade in Catalan schools (including preschool and primary grades)

School year Mean age (SD) Students (n) Bubble groups
Cases from 13 September 
to 22 December 2021

Index cases 
(outbreaks)

Secondary 
cases

% of outbreaks without 
secondary cases

P3 3.1 (0.3) 54 210 2932 942 724 307 75.3

P4 4.0 (0.2) 60 094 2994 1388 976 526 72.7

P5 5.0 (0.3) 63 344 3040 1966 1133 1052 64.2

1 6.0 (0.2) 66 204 3148 2346 1405 1269 61.3

2 7.0 (0.2) 67 455 3186 2781 1569 1566 56.3

3 8.1 (0.3) 66 614 3131 3074 1638 1877 53.1

4 9.0 (0.3) 71 590 3292 3703 1879 2436 52.6

5 10.1 (0.3) 73 702 3349 4062 2029 2611 51.0

6 11.0 (0.3) 76 101 3503 4500 2051 3092 48.8

Preschool education (P3–P5) 177 648 8966 4296 2833 1885 70.0

Primary education (years 1–6) 421 666 19 609 20 466 10 571 12 851 53.3

Total 599 314 28 575 24 762 13 404 14 736 56.8

Figure 2  The 7-day moving average of daily SARS-CoV-2 infection 
rates per 100 000 population by school year (P3–P5 for preschool, and 
years 1–6 for primary education).
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other variables that were not considered (ie, classroom dynamics 
or the density of students in the classroom). Besides, we are pro- 
bably over-reporting the study outcomes because we do not distin-
guish possible concomitant cases in a 10-day window. In addition, 
a higher percentage of asymptomatic infections in younger chil-
dren might produce reduced detection of single individual asymp-
tomatic cases, but huge diagnostic efforts to detect secondary 
infections have been in place since the previous academic year.30 
Finally, although quasi-experimental designs lack the randomised 
controlled trial (RCT) ability to equally distribute confounding 
between groups, they are a better approach than other designs 
commonly used in this field.

During the study period, Delta was the most prevalent SARS-
CoV-2 variant. However, at the beginning of January 2022, 
Omicron became the dominant variant (>95% on 5 January 2022 
according to Catalan authorities). At the beginning of the second 
term (10 January 2022), 7-day cumulative COVID-19 per 100 000 
inhabitants was 2391.6 (see official Catalan website about COVID-
19: https://dadescovid.cat/?lang=eng). That could affect the odds 
to find a secondary case that in fact is a concomitant case. In addi-
tion, school guidelines were the same during the analysed term 
but changed for the second term of the academic year 2021–2022. 
Finally, the vaccination campaign for children between 5 and 11 
years was launched at the end of December 2021. Data from the 
second term are thus not comparable to the data analysed in our 
article. Nevertheless, it is unlikely that the effectiveness of the mask 
mandate measure will increase with a more transmissible variant.

This study also has strengths. We analysed two homogeneous 
cohorts (P5 and year 1 of primary education), the latter with 
mandatory use of FCM, acting as an interventional group, and 
the former without, as a control group. We do not expect to find 
great differences in the host response due to the age or in the beha- 
viour between both grades that could influence the results obtained, 
although it should be considered that classroom dynamics may be 
different. Given the difficulty of conducting RCT in educational 
settings, this quasi-experimental analysis is the best possible 
approach to the aim of the study. In addition, the analysis of the 
rest of the years of primary education shows an age-dependency 
increase trend for all the epidemiological measures, suggesting that 
age is an important component. This is consistent with the findings 
of a study performed with data from the first term of the previous 
academic year and different SARS-CoV-2 variant.23 Finally, our 
results are consistent using different statistical approaches.

In conclusion, FCM mandates in schools showed no signifi-
cant differences in terms of transmission. Conversely, we found 
that age is a key component explaining transmission in children. 
Considering the non-effectiveness of FCM mandates found in 
our quasi-experimental approach, and the negative impact on 
children’s health of some measures implemented to mitigate 
transmission, such as school closures,31 32 policymakers should 
ensure that all measures within schools are evaluated (including 
school closures, home schooling, bubble groups, ventilation, test 
and trace, etc), and that the risks and benefits of such interven-
tions are balanced.
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Table 2  SARS-CoV-2 incidence, secondary attack rate (SAR), effective reproductive number (R*) and percentage of positive tests by school year

Year (age in years) SARS-CoV-2 incidence (95% CI)
SAR
Mean (SD)

SAR
Median (IQR) R* (95% CI) % of positive tests (95% CI)

P3 (3) 1.74% (1.63 to 1.85) 2.34% (5.53) 0.00 (0.00–0.00) 0.42 (0.35 to 0.49) 3.26 (3.06 to 3.45)

P4 (4) 2.31% (2.19 to 2.43) 2.77% (6.55) 0.00 (0.00–4.17) 0.54 (0.46 to 0.61) 4.89 (4.65 to 5.12)

P5 (5) 3.10% (2.97 to 3.23) 4.59% (9.30) 0.00 (0.00–5.00) 0.93 (0.82 to 1.04) 6.82 (6.55 to 7.10)

1 (6) 3.54% (3.40 to 3.68) 4.36% (8.38) 0.00 (0.00–5.00) 0.90 (0.81 to 0.99) 7.98 (7.69 to 8.27)

2 (7) 4.12% (3.97 to 4.27) 4.92% (8.95) 0.00 (0.00–5.88) 1.00 (0.91 to 1.08) 8.67 (8.38 to 8.96)

3 (8) 4.61% (4.45 to 4.77) 5.57% (9.52) 0.00 (0.00–7.62) 1.15 (1.05 to 1.24) 9.09 (8.80 to 9.37)

4 (9) 5.17% (5.01 to 5.33) 6.10% (9.76) 0.00 (0.00–8.33) 1.30 (1.20 to 1.39) 10.02 (9.74 to 10.31)

5 (10) 5.51% (5.35 to 5.67) 6.06% (9.86) 0.00 (0.00–8.33) 1.29 (1.20 to 1.38) 9.55 (9.29 to 9.81)

6 (11) 5.91% (5.74 to 6.08) 7.17% (11.8) 3.85 (0.00–9.09) 1.51 (1.40 to 1.61) 10.36 (10.09 to 10.63)

Figure 3  Mean secondary attack rate (SAR) and effective 
reproductive number (R*) with 95% CI by school year (P3–P5 for 
preschool and years 1–6 for primary education).
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RESUMO
Objetivo Para avaliar o impacto das epidemias e pan-
demias na utilização dos serviços de urgência pediátrica 
para obter aconselhamento ao nível das políticas de 
saúde.
Enquadramento Revisão sistemática.
Conceção Foram realizadas pesquisas na Medline, 
EMBASE, CINAHL, Scopus, Web of Science e Cochrane 
Library para estudos que relatavam alterações na utiliza-
ção dos serviços de urgência pediátrica durante a epide-
mia (tal como foi definido pela OMS).
Pacientes Crianças com menos de 18 anos.
Intervenções Foi utilizada uma ferramenta de avaliação 
de qualidade do National Institutes of Health para estu-
dos de coorte observacional e transversal.
Medidas do desfecho principal Alterações na utiliza-
ção dos serviços de urgência pediátrica.
Resultados Foram incluídos 131 artigos nesta revisão, 
80 % dos quais avaliaram o impacto da COVID-19. Os 
estudos que analisam o COVID-19, SARS, Síndrome 
Respiratório do Médio Oriente (MERS) e Ébola consta-
taram uma redução das visitas ao serviço de urgência 
pediátrico (SUP), ao passo que os estudos relativos a 
surtos de H1N1, vírus chicungunha e Escherichia coli 
constataram um aumento das visitas ao SUP. No caso 
da COVID-19, houve uma redução de 63,86 % (IC 95%, 
60,4 a 67,31%) com um intervalo de -16,5% a -89,4%. 
A síntese dos resultados sugere que o medo das doenças 
epidémicas, seja de as contrair ou dos seus desfechos 
clínicos potencialmente adversos, resultou em reduções 
e aumentos na utilização do SUP, respetivamente.
Conclusões A escala e direção do efeito da utilização 
do SUP depende tanto da doença epidémica, como das 
medidas de saúde pública implementadas e de como 
estas influenciam a tomada de decisão. Os decisores 
políticos têm de estar atentos ao modo como o receio de 
um vírus entre a população em geral pode influenciar a 
sua resposta aos conselhos de saúde pública. Existe uma 
grande desigualdade no relato do impacto epidémico na 
utilização do SUP que tem de ser abordado.
Número de registo do ensaio CRD42021242808.

INTRODUCTION 
The uncertainty surrounding the infectivity and 
mortality rates of COVID-19 meant many coun-
tries instituted restrictions on public freedoms to 
drive down community transmission. The use of 
strict lockdowns and ‘stay-at- home’ orders have 
been under scrutiny, especially as many of these 
countries recorded drastic reductions in the utili-
sation of their emergency healthcare services by 
patients without COVID.1 It has become clear 
that other than the rare complication of multi-
system inflammatory syndrome in children,2 
SARS-CoV-2 infection in children is generally 
a mild disease.3 However, there was also early 

evidence of low utilisation rates of emergency 
services among paediatric patients. Lazzarini 
et al4 reported that, even though overall atten-
dances were reduced, there were signs of delays in 
presentations, highlighting that ‘parent’s reported 
avoiding accessing hospital because of fear of 
infection with SARS-CoV-2’.

There have been five previous disease outbreaks, 
since 2005, which have been classified as a ‘Public 
Health Emergency of International Concern’ by 
WHO.5 The catalyst for this classification of the 
International Health Regulations in 2005 was the 
outbreak of SARS-CoV in 2003.6
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Key messages

WHAT IS ALREADY KNOWN 
ON THIS TOPIC

u  There have been five previous disease 
outbreaks, since 2005, which have been 
classified as a ‘Public Health Emergency 
of International Concern’ by WHO.

uThe evidence of their impact on emergency 
services for children has not been subject to 
a formalised review.

WHAT THIS STUDY ADDS
uThis systematic review demonstrates that 

pandemics have significantly different 
impacts on paediatric emergency service 
utilisation depending on the epidemic/
pandemic.

uDifferences in impact within and between 
countries may be related to the number 
of publications from that country and the 
length of time of their studies.

uThe reasons for changing emergency care 
utilisation are likely related to the public 
health response and parent/carer concern 
about the severity of the disease process.

HOW THIS STUDY MIGHT 
AFFECT RESEARCH, 
PRACTICE OR POLICY

uPolicy makers must be aware how fear of 
viruses among the general public may 
influence their response to public health 
advice.

uThe inequality between low-middle and 
high-income countries in reporting the 
impact of emergency service utilisation for 
children must be recognised and addressed.



Artigo original

65 Roland D, et al. Arch Dis Child 2023;108:115–122. doi:10.1136/archdischild-2022-324108

Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.8

The aim of this study was to conduct a systematic review of the litera-
ture from across the world on the impact pandemics and epidemics 
had on the utilisation of emergency care services by children.

METHODS
This work is part of the EPISODES study, an international retro-
spective cohort study looking at the epidemiology, severity and 
outcomes of children presenting to emergency departments across 
Europe during the SARS-CoV-2 pandemic.7

This review has followed the guidance published within the 
Preferred Reporting Items for Systematic Reviews and Meta-Ana-
lyses (PRISMA) statement.8

The predefined study characteristics and full search strategy 
are set out in the form of a ‘PICO grid’ in online supplemental 
appendix A, table A and, where possible, the search was limited to 
‘child<18 years’ and ‘English language’. A senior academic librarian 
(information specialist) specialising in medical research reviewed 
the search strategy.

Two reviewers performed the title and abstract screening with 
any conflicts resolved by a third reviewer. Criteria for inclusion 
were original studies examining the access to emergency care 
services by children (<18 years) during pandemics/epidemics as 
defined by WHO (https://www.who.int/emergencies/diseases/ 
en/); studies of adults, 18 years and older were excluded.

To assess the quality of each study, the ‘National Institutes of Health 
(NIH) quality assessment tool for observational cohort and cross-
sectional studies’9 was used. A single author (AG) reviewed all papers 
with the rest of the author group reviewing sections of the selected 
journals to confirm the answers to the NIH quality assessment tool. 
The lead author (DR) arbitrated on any differences in quality rating. 
Due to the heterogeneity between the included articles, meta-analysis 
could not be performed. Therefore, instead, a narrative analysis of the 
articles, split by epidemic disease being studied, was conducted. 

We registered the protocol of our systematic review with PROS-
PERO (www.crd.york.ac.uk/PROSPERO, published on 16 March 
2021, protocol ID: CRD42021242808). The finalised protocol can 
be found in online supplemental appendix 2.

RESULTS
The literature search produced a total of 9374 results; deduplication
removed 1806 articles.

A total of 7568 articles were screened through the title and 
abstract review. There was unanimous decision to exclude 7169 
of the articles and a further 198 articles with conflicting decisions 
were excluded by the third reviewer.

The 124 articles that were included after the full-text review 
were searched for additional potentially includable articles within 
their references. Seven previously not retrieved articles met 

the inclusion criteria and therefore 131 articles entered the data 
extraction phase and final analysis. A PRISMA flowchart summa-
rising this process can be found in figure 1.

Of the 131 articles included for final analysis and review, 104 
(79.4%) were publications related to the COVID-19 pandemic 
only1 10–112; 16 articles focused on H1N1 (113–128); 4 and 2 articles 
concerned SARS113–116 and MERS,117 118 respectively. One article119 
had data comparing the effect on children’s healthcare utilisation 
for both the COVID-19 pandemic and SARS outbreak. The final 
four articles analysed the effect of the Ebola outbreak in Sierra 
Leone120; an outbreak of chikungunya virus in Jamaica in 2014121; 
a severe influenza outbreak in Israel in the 1999–2000 season;122 
and an Escherichia coli 0157:H7 outbreak in the USA in 1993.123 
Analysis of these papers can be found in the online supplemental 
appendix 3. A world map showing the distribution by country 
including all the articles can be found in figure 2. It highlights the 
USA (n=41), Italy (n=25) and the UK (n=9) as major publication 
countries while also showing the global spread of included arti-
cles. Using the World Bank Classification of Countries124 shows that 
the majority of the included articles analysed the effect in ‘higher 
income’ countries (n=120 (91.6%)), with only 11 studies (8.4%) 
from ‘upper middle-income countries (UMIC)’ (n=6), ‘lower 
middle-income countries (LMIC)’ (n=4) and ‘lower income’ 
country (n=1).120 Online supplemental appendix 4, table B show 
the study characteristics of the included studies and online supple-
mental appendix 5, table C show the completed NIH assessment 
tool for each article.

COVID-19
SARS-CoV-2/COVID-19 was the disease of focus within 105 arti-
cles. The majority were published by countries most affected by the 
disease during the first wave of the pandemic. Most publications 
were from higher income or upper middle-income countries, with 
only four papers published from lower middle-income countries: 
India,43 92 Morocco28 and Pakistan.79 

Initial analysis found that 69 out of 105 (66%) provided quantifi-
able data for a change in general paediatric emergency department 
(PED) visits. Collectively, they included about 14 million individual 
visits, across the various COVID-19 study periods and previous 
year(s) data (online supplemental table 1). Acknowledging various 
methodologies were used in studies to compare the observed values 
with the predicted number for the corresponding time periods, the 
mean percentage change in PED visits across the 69 included arti-
cles was a reduction of 63.86% (95% CI 60.40% to 67.31%) with a 
range of −16.5% to −89.4.

Figure 3 shows the value for percentage change in PED visits and 
the number of days included in the study period. There is a sug-
gestion that smaller study periods show a greater reduction, likely 
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due to studies with shorter study periods focussing on the ‘lock-
down’ period in their respective countries. The difference between 
countries may also be explained, in part, by the number of papers 
published in that particular country (figure 4). 

Summary data for surgical patients, mental health, diabetes care, 
specialist healthcare utilisation and qualitative papers can be found 
in online supplemental appendices 6 and 7, tables D–F with addi-
tional analysis into these papers. 

Online supplemental appendix 8, table G show the summary data 
for articles analysing the impact of COVID-19 on PED visits, but it 
was not possible to retrieve quantitative data from the authors.

Themes were extracted of potential reasons for the reduction 
in PED visits discussed within the COVID-19 articles (the break-
down by article can be found in online supplemental appendix 4, 
table B and a summary in online supplemental appendix 9, table H). 
Twenty-seven papers found no supporting evidence to determine 
the potential cause for the reduction in visits and, of the remaining 
78 papers, the most common reason (n=52, 66.7%) alluded to by 
the authors was the ‘fear of contracting the virus’, closely followed by 
the impact of ‘social distancing/lockdown measures’ (n=49, 62.8%).

Influenza A/H1N1 (2009 pandemic)
Sixteen articles that analysed the H1N1 pandemic in 2009/2010 met 
the inclusion criteria for this review. All were published in higher 
income countries (11/16 in the USA). The years of publications 
range from 2009 to 2015, with the most published in 2011 (n=6). 
Eleven125–135 of the articles provided data for PED visits for both a 
period of time during the pandemic and a control period prior to 
the outbreak. Five136–140 did not provide quantifiable data; however, 
two136 137 still provided a percentage change for PED visits and Codish 
et al139 analysed the effect of mass media on public behaviour.

During the H1N1 pandemic period, there was a surge in pae-
diatric utilisation of emergency care (summary data can be found 
in online supplemental appendix 10, table I). The range of values 
for percentage increase found within the articles is 10.6%–180%.

Sills et al131 postulated multiple reasons for the observed increase 
in PED visits: parents’ fear of adverse outcomes, the perception of 

less primary care access, inappropriate referrals and advice from 
the media not being accurate. Codish et al139 found a significant 
association between mass media coverage of the H1N1 pandemic 
in Israel and the number of PED visits.

Severe acute respiratory syndrome (SARS)
There were four articles that analysed the SARS epidemic and each
showed a significant reduction in PED visits, ranging from a 36.1%
to a 47% reduction. South Korea was the only country to publish 
articles looking at the 2015 MERS outbreak that met the inclusion 
criteria for this review. Summary data for SARS articles, as well as 
MERS articles and the four articles analysing the other epidemic 
diseases, can be found in online supplemental appendix 11.

Potential reasons for the reductions in PED visits during the 
SARS epidemic were postulated as a fear of SARS transmission, 
113 114 the influence of media coverage with phrases such as ‘killer 
pneumonia’113 or public health department advice, in this case, to 
stay at home when exhibiting SARS-like symptoms.116

DISCUSSION
The evidence presented within this systematic review shows that 
pandemics/epidemics can result in changes in emergency care 
utilisation both directly (ie, the causative organism results in ill 
health and a need to present to emergency services) and indirectly 
(attendance to emergency care may be reduced because of fear of 
catching a disease from other patients) dependent on the specific 
epidemic disease.

A critical finding was the disproportionate nature of research 
in this area both in relation to the country of research and the 
epidemic/pandemic. The proportion of articles addressing the 
effects of COVID-19 was large, accounting for 80% of the articles, 
with a significant proportion of these being from high-income 
countries. Fontelo and Liu141 reviewed recent publication trends 
from countries and found 30 countries generated 94.6% of all publi-
cations and 98.1% of publications in core clinical journals world-
wide. Of further note is that for COVID-19, two papers published 
in India,43 92 one published in Pakistan79 and another in Morocco28 
all show similar changes in healthcare utilisation to the rest of the 
included articles, implying that the observed indirect effects of 
the COVID-19 pandemic were not less severe, nor magnified in 
high-income countries. However, this assertion is severely limited 
by the fact that it only draws on evidence from 4 of 105 papers 
and only 2 of these papers provide data for general ED visits: 
Raman and Madhusudan43 and Mekaoui et al.28 This disparity of 
evidence between high-income and low-middle- income countries 
has implications for the extension of early research findings from 
future pandemics, as it cannot be assumed that low-income and 
middle-income countries’ emergency service utilisation will be 
similar to early reports from high-income countries. Of particular 

Figure 2  World map showing density of publications by country.

Figure 4  Box and whisker plot showing percentage change in
paediatric emergency department (PED) visits by the country of study,
grouped by region. This plot includes data from 69 articles analysing
COVID-19 that provided quantitative data for PED visits.

Figure 3  Scatterplot of percentage change in paediatric emergency
department (PED) visits by the length in days of the ‘study period’. This
plot includes data from 69 articles analysing COVID-19 that provided
quantative data for PED visits.
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significance is the very small amount of information available for 
diseases such as Ebola and chikungunya.

This systematic review shows that for the COVID-19 
pandemic, the 2015 MERS outbreak, the 2003 SARS pandemic, 
the 2014 Ebola outbreak and the 1999–2000 influenza outbreak 
in Israel, there were significant decreases in paediatric utilisation 
of emergency care services. These decreases were most noticeable 
throughout the COVID-19 pandemic, with evidence showing 
that the institution of lockdowns and home confinements coin-
cided with a sudden drop in PED visits.10 11 13 76

Low acuity attendances to emergency services occur commonly 
in high-income countries.142 143 Our review generally found either 
a larger reduction in lower acuity paediatric patients compared 
with those requiring more urgent care, resulting in a proportional 
increase in higher acuity paediatric patients,35 36 41 43 56 102 or no change 
in the overall proportion,64 66 73 despite overall reduced numbers. 
Individual studies with specific triage detail34 have shown a large 
decrease in absolute numbers for non-urgent (Emergency Severity 
Index (ESI) 4 or 5) but a proportional increase in urgent (ESI 3) 
visits or a large proportional and significant absolute increase in 
resuscitation/emergency consultations. The overall inference is that, 
particularly in high-income countries, a significant proportion of 
attendances in non-epidemic times do not need emergency care, but 
it is possible some children attended at a later stage of their illness 
during epidemics/pandemics. There are insufficient data to demon-
strate whether this occurs in low-middle income countries as well.

The impact of epidemics on health seeking behaviour when emer-
gency care is required was mixed in our review. Lynn et al103 found a 
delayed presentation was a suspected causative factor in nine deaths. 
Increases in severe diabetic ketoacidosis-74 75 91 92 and complicated 
acute appendicitis presentations86 144 are examples of this. However, 
Chong et al35 did not observe a large deferred increase in ‘priority 
1 (most ill)’ cases in the early post-lockdown period and Roland 
et al105 noted a ‘low rate of reported delays’ at 3.8% (n=51) and, of 
these, the admission rate was also low at 11.8% (n=6). 

This review highlights the need for reflection on the struc-
ture of emergency services post-pandemic. Policy makers need 
to urgently consider how the public can address minor illness 
and injury at home, or at least more locally, rather than seeking 
emergency care services as clearly many children were managed 
without healthcare intervention during pandemics. Our data high-
light that public reactions could change according to their percep-
tion of risk related to that pandemic (eg, COVID-19 vs H1N1). 
The increase in visits to the PED during the H1N1 pandemic may 
then have been a result of the higher mortality and parental fears 
of adverse outcomes.145 137 This suggests policy makers and health 
authorities may need to provide the public ‘personalised and peri-
odically updated communication’ as opposed to generic advice 
and be aware messaging can reassure or scare the public.

The vast majority of the articles included within this review had 
a retrospective observational methodology which brings with it 
inherent limitations. Many of the articles analysed the effect at a 
single hospital/city, which may not allow their data to be genera-
lised, but the large amount of studies from many countries included 
in this review improve on this limitation. Some studies also had no 
or very few cases of the epidemic disease at the hospital or in the 
region, which may have been a cause behind differing changes in 
PED visits between studies, making comparisons difficult. It is noted 
that the pandemic still continues and so the final impact on attend-
ances is not certain with further analysis of trends greater than 1–2 
years needed. Finally, redeployment of staff did occur during the 
COVID-19 pandemic but the impact of this was not directly meas-
ured in the papers we reviewed. Nor did they take into account other 
system changes, such as the development or closure of primary care 
services which also may have had an impact on attendances.

CONCLUSION
We found that PED attendances may increase or decrease during 
these pandemics and epidemics, the reasons being multifactorial, 
and ultimately individual experiences and behaviours will influ-

ence parent/patient decision-making during these periods of pub-
lic health crisis. As public health messaging can impact on public 
behaviours, governing bodies and public health departments must 
be aware how fear of viruses among the general public may influ-
ence their response to public health advice. We have found inequity 
in the research on epidemic diseases affecting children’s presen-
tations to emergency care and this should be a worldwide health 
policy focus.
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RESUMO
Contexto Pouco se sabe sobre os efeitos dos pesticidas 
sobre os desfechos respiratórios e alérgicos das crianças. 
Avaliámos as relações das exposições a pesticidas, pré-
natal e atual, aos desfechos respiratórios e alérgicos em 
crianças do Infants’ Environmental Health Study na Costa 
Rica.
Métodos Entre as crianças de 5 anos (n=303), medimos 
as concentrações de metabolitos urinários corrigidas para 
gravidade específicas pré-natais e atuais de inseticidas 
(clorpirifos, piretroides), fungicidas (mancozeb, pirime-
tanil, tiabendazol) e 2,4D. Recolhemos informações dos 
cuidadores sobre os desfechos respiratórios [se alguma 
vez teve diagnóstico médico de asma ou infeções do 
trato respiratório inferior (ITRI), pieira e tosse durante os 
últimos 12 meses] e alérgicas (alergias nasais, erupção 
cutânea com comichão, eczema). Montámos modelos de 
regressão logística multivariável separados para concen-
trações de metabolitos elevadas (percentil ≥75.º (P75)] 
vs. baixas (<P75) com desfechos respiratórios e alérgicos. 
Também aplicámos modelos que incluíam concentrações 
de metabolitos como variáveis de exposição contínua.
Resultados Os desfechos respiratórios nas crianças 
foram comuns (39% tosse, 20% pieira, 12% asma, 5% 
ITRI). As elevadas concentrações de metabolitos pire-
troides atuais (Σpiretroides) foram associadas a pieira 
(OR=2,37, IC 95%, 1,28 a 4,34), erupção cutânea com 
comichão (OR=2,747, IC 95%, 1,33 a 5,60), diagnóstico 
médico de asma e ITRI). A etilenotioureia (ETU) (metabo-
lito específico do mancozeb) está de algum modo asso-
ciada às ITRI (OR=2,09, IC 95% 0,68 a 6,02). Obtivemos 
resultados semelhantes ao modelar os Σpiretroides e a 
ETU como variáveis contínuas. Assistimos a associações 
inconsistentes ou nulas para a exposição a outros pesti-
cidas e a resultados de saúde.
Conclusões A atual exposição a piretroides pode afe-
tar a saúde respiratória e alérgica da criança aos 5 anos 
de idade. A atual exposição a mancozeb pode contribuir 
para ITRI. Estas conclusões são importantes dado que 
os piretroides são amplamente utilizados em ambientes 
domésticos e na agricultura e o mancozeb na agricultura.

INTRODUCTION 
The possible effects of pesticides on children’s 
respiratory health are a public health concern. 
Lower respiratory tract infections (LRTI) are 
leading cause of death among children under 
5 years of age, and asthma is the most common 
chronic disease of childhood, affecting 14% of 
children globally.1 Asthma prevalence has been 
increased during last decades, particularly in 
low-resource settings.2 Respiratory outcomes, 
including infection and wheezing, during infancy 
can have long-term consequences for adult respi-
ratory health.3 Only few studies have reported 
associations of pesticide exposure with adverse 
respiratory outcomes in young children.4 5 World-
wide, exposure to pesticides is common in both 
agricultural and residential settings, and results 

from epidemiological studies of farmworkers have 
shown that occupational pesticide exposure may 
affect respiratory health, as it has been associated 
with increased odds of coughing, wheezing and 
asthma.5–9

Pesticide exposure assessment in epidemio-
logical studies is challenging, and researchers 
studying its effects on children’s respiratory health 
have opted for different approaches, including 
measurement of pesticides, or its metabolites, in 
personal air samples, blood and urine.10 The mea-
surement of urinary pesticide metabolites is one 
of the most-used methods and often considered 
the gold standard of exposure assessment, because 
they reflect exposures from all routes, and, gene-
rally, concentrations are more easily detected in 
urine as compared with blood. Nevertheless, as 
most current-use pesticides have relatively short 
toxicokinetic half-lives, their urinary metabolites 
mainly reflect exposures during the last 24 hours 
and tend to vary substantially for the same person 
on different days, most likely attenuating exposure-
effect associations of chronic health effects.

Several pesticides have been associated with 
respiratory outcomes in children. Results from a 
birth cohort in New York City indicated children 
aged 5–6 years with higher prenatal exposure to 
piperonyl butoxide (PBO), a synergist for resi-
dential pyrethroid insecticides, had more frequent 
non-infectious cough compared with children with 
lower exposures.11 On the other hand, the Center for 
the Health Assessment of Mothers and Children of 
Salinas (CHAMACOS) birth cohort showed chil-
dren with higher prenatal urinary organophosphate 
(OP) insecticide concentrations in the second half 
of pregnancy, and higher cumulative OP exposure 
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Key messages

What is the key question?
u Are prenatal and current pesticide expo-

sures associated with children’s respira-
tory and allergic outcomes?

What is the bottom line?
uCurrent, but not prenatal, pesticide expo-

sures were consistently associated with 
respiratory and allergic outcomes among 
5-year-old children, particularly pyre-
throid exposures.

Why read on?
uVery little is known about the effects of pes-

ticides on children’s respiratory and allergic 
outcomes, despite their extensive use.
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during childhood had more respiratory symptoms at ages 5 and 7 
years.12 Results from the same cohort indicated cumulative urinary 
OP-metabolite concentrations between 0.5 and 5 years were asso-
ciated with decreased lung function at 7 years of age.13 In contrast, 
a cross-sectional study using data from the US National Health 
and Nutrition Examination Survey in children aged 6–15 years 
found null associations of urinary OP-metabolite concentrations 
with current wheeze.14 Regarding the fungicide mancozeb and its 
metabolite ethylene thiourea (ETU), results from a small (n=66) 
cross-sectional study performed in France indicated children 
with higher urinary ETU had higher prevalence of asthma and 
rhinitis symptoms at ages 3–10 years.15 In Costa Rica, results from 
the Infants’ Environmental Health Study (ISA)16 showed prenatal 
exposure to the fungicide mancozeb and ETU during the first, but 
not second, half of pregnancy, was associated with an increased 
prevalence of LRTI during the first year of life.17

Several studies16–18 have shown women and children from rural 
areas in the Costa Rica Caribbean are environmentally exposed 
to various pesticides used in agriculture, including the fungicides 
mancozeb, pyrimethanil and thiabendazole, the OP-insecticide 
chlorpyrifos and the herbicide 2,4-D used in pasture for broad 
leaved weed control as well as pyrethroid-insecticides used for 
vector control.16 17 19 20 On large-scale banana plantations, the 
predominant crops in our study area, mancozeb is generally 
applied with light aircrafts on a weekly basis to prevent Siga-
toka disease, and about 12 other fungicides are being applied by 
aerial spraying, while the fungicide thiabendazole is being applied 
postharvest, before packing the fruits for shipment. In addition, 
bags treated with insecticides, such as chlorpyrifos, are being 
used, and highly toxic nematicides are being applied 3–4 times 
a year.21 Regarding vector-control, pyrethroid-insecticides like 
cypermethrin are used by the Ministry of Health when there is an 
outbreak of Dengue, chikungunya and Zika fever, and synthetic 
pyrethroids are commonly used by families at home. Here, we 
evaluated the association of prenatal and current exposure to chlo-
rpyrifos, pyrethroids, mancozeb, pyrimethanil, thiabendazole and 
2,4-D with respiratory and allergic outcomes among 5-year-old 
children from the ISA study.

METHODS 
Study population
As described previously,16 pregnant women were enrolled from 
March 2010 to June 2011, if aged ≥15 years, <33 weeks of gestation 
and living within 5 km of banana plantations in Matina County 
Costa Rica.16 17 Of the 451 women enrolled in the study, 22 (5%) 
had a miscarriage, stillbirth or neonatal/infant death; and 126 
(28%) were lost to follow-up before the 5-year study visit in 2015–
2016. Mother–child pairs included in this analysis (n=303, 67% 
attainment since enrolment) were similar in sociodemographic 
attributes to the initial cohort (n=451) and 293 children provided 
a urine sample at the 5-year visit.

Table 1  Demographic characteristics and prevalence of select 
respiratory outcomes among 303 children from the ISA Population at 
children’s age 5, Matina County, Costa Rica 2015–2016

 
N %

Child’s characteristics

Child’s sex

 � Female 147 49

 � Male 156 51

Child current nutritional status

 � Underweight or below 3 1

 � Normal 228 75

 � Overweight 46 15

 � Obese 23 8

 � Missing 3 1

Low birth weight (<2500 grams)

 � Yes 9 3

 � No 289 95

 � Missing 5 2

Breast feeding duration

 � Less than 6 months 76 25

 � 6 months or more 227 75

Current cotinine detected in urine (>1 µg/L)

 � Yes 55 18

 � No 238 79

 � Missing 10 3

Mother’s characteristics

Parity ≥1 195 64

Maternal smoking during pregnancy 15 5

Cotinine detected in urine during pregnancy (>1 µg/L) 45 15

Maternal smoking history

 � Never 278 92

 � Past 15 5

 � Current 10 3

Current cotinine detected in urine (maternal) 45 15

Maternal history of asthma 70 23

Current work in agriculture

 � Yes 49* 14

 � No 250 83

 � Missing 10 3

Partner currently works in agriculture

 � Yes 154 51

 � No 139 46

 � Missing 10 3

Household characteristics

Current smoking inside house 32 11

Income per capita at enrolment

 � Above poverty line 102 34

 � Poverty 112 37

 � Extreme poverty 88 29

 � Missing 1 0

Food security‡

 � Low 194 64

 � Marginal 69 23

Continued

 
N %

 � High 30 10

 � Missing 10 3

Daily exposure to smoke of waste burning 50 17

Vector control by ministry of health during last 12 months 169 56

Pesticide use inside home during last 12 months 152 50

Residential distance to banana plantation (metres)

 � <50 56 19

 � 50–500 170 56

 � ≥500 77 25

*46 out of 49 mothers currently worked on banana plantations.
†138 out of 154 partners currently worked on banana plantations.
‡Defined using the U.S. Department of Agriculture Food Security Scale.
ISA, Infants’ Environmental Health Study.

Table 1  Continued
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Data collection
Data collection of the prenatal and early life visits has been 
described in detail previously.16 17 In this study, we included data 
from prenatal and 5-year visits. We collected information on 
sociodemographic and socioeconomic, medical, occupational 
and environmental variables at each visit (table  1) with a struc-
tured questionnaire. We also measured Euclidean distances from 
residence to the nearest border of closest banana plantation.16 In 
addition, at each visit, we collected maternal spot urine samples 
1–3 times during pregnancy in 100 mL beakers (Vacuette, sterile), 
aliquoted them into 15 mL tubes (PerformR Centrifuge tubes, 
Labcon, sterile) and then stored them at −20°C until shipment 
to the Division of Occupational and Environmental Medicine at 
Lund University, Sweden, for analysis.16

When the children were 5 years old, we visited their homes 
again and administered their caretakers, mostly mothers (n=291, 
96%), a structured questionnaire to collect data on their child’s 
health. Information on respiratory and allergic outcomes was 
collected using the International Study of Allergy and Asthma in 
Children (ISAAC) questionnaire (in Spanish, previously used in 
Costa Rica).16 Images or videos for each condition (eg, wheeze, 
eczema) were provided when applicable. All data were collected 
using electronic tablets. Children provided a spot urine sample 
on the day of visit, with help from their caretaker following the 
same procedures as described before.16 17 Anthropometric measu-
rements, including height, weight and waist circumference, were 
also taken, as described previously.17

Exposure assessment
Urine samples were analysed for urinary pesticide metabolites 
using a liquid chromatography mass spectrometer (LC-MS/MS; 
UFLCRX; Shimadzu Corporation) with a triple quadrupole linear 
ion trap (QTRAP 5500; AB Sciex) and corrected for specific gravity 
as described previously.16 17 22 We analysed ETU (limit of detection 
(LOD)=0.08 µg/L) for mancozeb; hydroxypyrimethanil (OHP) 
(LOD=0.06 µg/L) for pyrimethanil; 5-hydroxythiabendazole (OHT) 
(LOD=0.03 µg/L) for thiabendazole; 3,5,6-trichloro-2-pyridinol 
(TCP) (LOD=0.05 µg/L) for chlorpyrifos and 3-(2,2-dichlor
ovinyl)−2,2-dimethylcyclopropanecarboxylic acid (DCCA) 
(LOD=0.04 µg/L) for the pyrethroids permethrin, cypermethrin and 
cyfluthrin; and 3-phenoxybenzoic acid (3-PBA) (LOD=0.03 µg/L) 
for permethrin, cypermethrin, cyfluthrin, deltamethrin, allethrin, 
resmethrin and fenvalerate. The herbicide 2,4-D was also measu-
red (LOD=0.02 µg/L). We added the concentrations of 3-PBA 
and DCCA to create a summary measure of pyrethroid exposure 

(∑Pyrethroids). The laboratory takes part in the Erlangen interlabo-
ratory programme for TCP and 3-PBA with excellent results (online 
supplemental material I and II).

We also measured urinary cotinine concentrations (indicator for 
exposure to cigarette smoke) and urinary 1-hydroxypyerene and 
hydroxyphenanthrene concentrations. The latter are biomarkers 
of exposure to polycyclic aromatic hydrocarbons possibly from 
smoke from wood or waste burning.23 24 As our study was situated 
in a rural area, we did not measure outdoor pollution (particulate 
matter (PM) 2.5, PM 10 or ozone). Also, as the Caribbean climate 
is similar all-year round, without well-defined dry or wet seasons, 
we also did not consider exposure to pollen.

Outcome assessment
We interviewed mothers or caretakers at home about respiratory 
and allergic outcomes in their children at 5 years of age with a 
structured questionnaire. Most questions were from the ISAAC-III 
questionnaire25 previously used in Costa Rica26 (for more infor-
mation, see online supplemental table S1). We obtained informa-
tion about symptoms of asthma (ever and current (=during last 
12 months) wheeze), ever doctor-confirmed asthma, current dry 
cough at night, ever and current LRTI, ever and current rhinitis, 
ever and current symptoms of eczema (itchy rash) and ever doctor-
confirmed eczema. Severe symptoms of asthma were defined as ≥4 
attacks of wheeze, or  >1 night per week sleep disturbance from 
wheeze or wheeze-affecting speech in the past 12 months.27

Statistical analyses
We calculated descriptive statistics and distributional plots for 
all variables. We then estimated bivariate associations between 
biomarkers of exposure, selected outcomes and covariates using 
χ2 tests. We estimated correlations between prenatal and current 
gravity-corrected urinary pesticide metabolite concentrations 
using Spearman’s correlation coefficients. In our main analyses, we 
examined associations of prenatal and children’s current urinary 
pesticide metabolite concentrations (modelled as dichotomous 
variables: highest quartile (≥75 th percentile (P75)) vs lowest three 
quartiles (<P75) as we expected effects at relatively high exposures) 
with selected respiratory and allergic outcomes using multivariable 
logistic regression models. We also ran our models with pesticide 
exposures modelled as continuous variables (ie, log10-transformed 
specific gravity-corrected urinary pesticide metabolite concentra-
tions). Additionally, we ran our logistic regression models with 
exposure variables obtained via interviews: current maternal and 
paternal work in agriculture, pesticide use inside or outside home 
during last 12 months, governmental spraying for vector control 
during last 12 months and reported exposure to smoke from waste 
burning (daily or weekly vs less than weekly). We adjusted our 
multivariable models a priori for maternal smoking during preg-
nancy (yes/no) and child sex as these have been identified as risk 
factors for respiratory and allergic diseases in the literature.26 We 
imputed missing values for covariates (all <5% missing) using data 
from the nearest available study visit.

We ran several sensitivity analyses to evaluate the robustness of 
our results. First, we ran models that included both prenatal and 
current exposures in the same model, while adjusting for child 
sex and maternal smoking during pregnancy. Second, we added 
additional variables, reported among at least 5% of the children, 
described in the literature as possible risk or protective factors 
for respiratory and allergic diseases26 28 that associated (OR >1.5) 
with one or more of the outcomes and ran models adjusted for: (1) 
maternal smoking during pregnancy, child sex, parity (0 vs ≥1), 
breastfeeding (>6 vs  ≤6 months); (2) maternal smoking during 
pregnancy, child sex, parity and maternal history of asthma (yes/
no) and (3) models adjusted for current smoking inside house 
(yes/no), child sex and parity.

Based on the exploratory nature of this analysis, we did not 
adjust for multiple comparisons. Furthermore, we looked for 
patterns shown by results, instead of focusing on statistical signifi-
cance (ie, p<0.05). All statistical analyses were conducted in R 
(V.3.6.1).

Table 2  Prevalence of respiratory and allergic outcomes among 303 
children from the ISA Population at age 5, Matina County, Costa Rica 
2015–2016

Type of 
outcome Outcome N %

Respiratory Ever wheeze (symptom of asthma) 97 32

 �  Current* wheeze (symptom of asthma) † 62 20

 �  Current symptoms of severe asthma‡ 33 11

 �  Ever doctor-diagnosed asthma† 37 12

 �  Current dry cough† 118 39

 �  Ever LRTI 49 16

 �  Current LRTI† 15 5

Allergic Ever nasal allergies (allergic rhinitis) 67 22

 �  Current nasal allergies (allergic rhinitis) † 63 21

 �  Current allergic rhinoconjunctivitis 42 14

 �  Ever itchy rash (symptom of eczema) 52 17

 �  Current itchy rash (symptom of eczema) † 39 13

 �  Ever doctor-diagnosed eczema† 21 7

 �  Current medication for eczema 8 3

*Past 12 months.
†Selected for epidemiological analysis.
‡≥4 attacks of wheeze, or >1 night per week sleep disturbance from wheeze, or wheeze 
affecting speech in the past 12 months.
ISA, Infants’ Environmental Health Study; LRTI, lower respiratory tract infection.
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RESULTS
A total of 303 children were included in the analysis of prenatal 
exposures and 293 in the analysis of current exposures. Table  1 
shows about half of the children were girls, 75% had a normal 
nutritional status, almost all (97%) weighed >2500 g at birth, and 
75% were breastfed for 6 months or more. Only 5% of mothers 
smoked during pregnancy. About one-third of households had an 
income per capita above the poverty line, but 64% experienced low 
food security. Prevalence of children with ever doctor-confirmed 
asthma was 12%, while 20% reported current symptoms of asthma 
(wheeze), 39% dry cough at night and 5% LRTI during the last 
12 months (table  2). Fourteen per cent (n=41) of the children 
had symptoms of severe asthma. Twenty per cent of children had 
current rhinitis (nasal allergies), 13% had current symptoms of 
eczema (itchy rash) and 7% had ever doctor-diagnosed eczema. 
Current wheeze and ever doctor-diagnosed asthma moderately 
correlated (r=0.49), while other outcomes weakly correlated 
(wheeze and cough: r=0.31, cough and nasal allergies: r=0.35, 
others r≤0.2) (online supplemental table S1).

The pesticide metabolites presented in table 3 were frequently 
detected in both prenatal (≥80%) and current urine samples 
(≥68%). Averaged prenatal and current pesticide metabolite 
concentrations were not correlated (rs=0–0.25; online supple-
mental table S2). Prenatal urinary pesticide concentrations 
generally were highest for ETU (P75=4.66 µg/L), followed by 
∑Pyrethroids (P75=3.84 µg/L) and 3,5,6 trichloro-2-pyridinol 
(TCP) (P75=2.52 µg/L). At 5 years, concentrations were usually 
highest for ∑Pyrethroids (P75=8.65 µg/L), followed by DCCA 
(4.52 µg/L), 3-PBA (P75=3.78 µg/L) and ETU (P75=3.65 µg/L). 
Prenatal pesticide metabolite concentrations varied more within 
than between children as intraclass correlation coefficients ranged 
from 0.14 to 0.41 (table 3).

Predominantly pyrethroid exposures were associated respi-
ratory outcomes. Prenatal DCCA and ∑Pyrethroid showed an 
inverse association with asthma (OR=0.21, 95% CI:0.05 to 0.61 
and OR=0.39, 95% CI 0.13, 0.98, respectively), but not with other 
respiratory outcomes. In contrast, children with high current 
pyrethroid exposures had increased odds of current asthma, ever 
doctor-diagnosed asthma, current LRTI and, to a lesser extent, 
current cough (table  4, figure  1). We observed the most precise 
association for high ∑Pyrethroid and wheeze: OR=2.37, 95% CI 

1.28 to 4.34). Furthermore, children with high current TCP, ETU, 
OHP and OHT had increased odds (>2.03) of current LRTI, but 
these estimates were imprecise, as 95% CI ranged from 0.66 to 
6.07 (table 4). When we included exposures as log10-transformed 
specific gravity-corrected urinary pesticide metabolite concentra-
tions (online supplemental table S3), our findings generally were 
similar for pyrethroid exposure, for example, for each tenfold 
increase in ∑Pyrethroid, we found increased odds for wheeze 
(OR=1.99, 95% CI: 0.98 to 4.07), asthma (OR=2.30, 95% CI: 0.96 to 
5.57), and current LRTI (OR=3.74, 95% CI: 1.06 to 13.46). Yet, for 
the other pesticide metabolites the increased odds of LRTI were 
attenuated, except for ETU (OR: 2.70, 95% CI 0.72, 10.64 for each 
tenfold increase in ETU). The results of our sensitivity analyses 
for respiratory outcomes were similar to these presented above 
(online supplemental tables S4–S8)

We observed mostly null associations of prenatal pesticide 
exposures with allergic outcomes (table 5), except for high urinary 
TCP concentrations that were associated with decreased odds of 
rhinitis (OR=0.49, 95% CI 0.22 to 0.98), and high urinary OHP 
concentrations that were associated with increased odds of ever 
doctor-diagnosed eczema (OR=2.39, 95% CI 0.94 to 5.90). Yet, 
when modelling these exposures as continuous variables, associa-
tions were attenuated for prenatal TCP and current nasal allergies 
(OR=0.63, 95% CI 0.22 to 0.66) as well as prenatal OHP and ever 
eczema (OR=1.19, 95% CI 0.59 to 2.25) (online supplemental table 
S9). In addition, high current pyrethroid exposure was associated 
with current itchy rash (ie, ∑Pyrethroid OR=2.74, 95% CI 1.33 to 
5.60), but not with current nasal allergies, or ever eczema (figure 1, 
table  4). The latter association remained when we modelled 
current pyrethroid exposure as a continuous variable (OR per 
10-fold increase in ∑Pyrethroid concentrations: 2.90 (95% CI 1.24 
to 6.92) (online supplemental table S9). The sensitivity analyses we 
ran for models of allergic symptoms showed similar findings as 
presented above (online supplemental tables S10–S14).

A total of 56% of participants reported governmental pesti-
cide spraying at their homes for vector control during the last 12 
months, which includes manually application of pyrethroid insec-
ticides with motorised equipment (table  1). Vector control was 
associated with children’s current cough (OR=1.77, 95% CI:1.08 to 
2.91), and current LRTI (OR=2.78, 95% CI 0.84 to 12.53) (online 
supplemental table S15). Other environmental or occupational 

Table 3  Prenatal and current specific-gravity adjusted urinary pesticide metabolite concentrations for children from the ISA study at age 5, Matina 
County, Costa Rica, 2015–2016

Urinary biomarkers of exposure (μg/L) Minimum

Percentile

Maximum10th 25th 50th 75th 90th

Averaged prenatal concentrations (n=303)†

TCP 0.41 0.92 1.31 1.75 2.52 4.19 62.96

ETU 1.03 1.87 2.34 3.32 4.66 6.16 127.38

OHP <LOD 0.12 0.21 0.56 1.29 3.28 368.55

OHT <LOD <LOD 0.03 0.10 0.53 2.35 339.00

2,4-D 0.09 0.17 0.23 0.32 0.54 1.10 79.76

3-PBA 0.10 0.30 0.51 0.83 1.35 2.46 16.96

DCCA 0.15 0.50 0.79 1.32 2.39 3.78 23.56

∑ Pyrethroid* 0.46 0.87 1.28 2.26 3.84 5.95 40.52

Current child’s concentrations (n=293)§

TCP 0.29 0.69 0.98 1.51 2.31 4.04 30.85

ETU <LOD 0.61 1.16 2.21 3.65 6.82 66.59

OHP <LOD 0.10 0.23 0.52 1.27 3.39 445.67

OHT <LOD <LOD <LOD 0.07 0.22 1.01 20.26

2,4-D 0.04 0.19 0.24 0.38 0.71 1.49 146.85

3-PBA 0.15 0.52 0.98 2.09 3.78 6.93 35.92

DCCA 0.19 0.83 1.39 2.53 4.52 8.83 44.19

∑ Pyrethroid* 0.41 1.70 2.62 4.60 8.65 14.74 80.12

*∑ Pyrethroid: sum of 3-PBA and DCCA.
†TCPy, ETU, 3-PBA, DCCA, and 2,4-D=100% > limit of detection (LOD), OHP=96%, OHT=80% > LOD.
‡Prenatal intra-class correlation coefficient (ICC): TCP=0.41, ETU=0.14, OHP=0.27, OHT=0.39, 2,4-D=0.28, 3-PBA=0.29, and DCCA=0.28.
§TCP, 3-PBA, DCCA, and 2,4-D=100% > LOD, ETU=99%, OHP=92%, OHT=68% >LOD.
2,4-D, 2,4-Dichlorophenoxyacetic acid; DCCA, 3-(2,2-dichlorovinyl)- 2,2-dimethyl-cyclopropane-1-carboxylic acid; ETU, ethylenethiourea; ISA, Infants’ Environmental Health Study; LOD, limit of 
detection; OHP, Hydroxypyrimethanil; OHT, 5-hydroxythiabendazole; 3-PBA, 3-phenoxybenzoic acid; TCP, 3,5,6 trichloro-2-pyridinol.
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exposures like maternal or paternal work in agriculture, pesticide 
use at home or smoke from environmental waste burning were not 
associated with children’s respiratory outcomes or allergic symp-
toms (online supplemental tables S15, S16).

DISCUSSION 
We found current, but not prenatal, pesticide exposures were 
consistently associated with respiratory and allergic outcomes 
among 5-year-old children. Particularly current exposures to 
pyrethroid insecticides may contribute to children’s asthma, 
LRTI and symptoms of eczema (itchy skin rash) at 5 years of age. 
Current vector control spraying by government, which includes 
application of pyrethroids, was associated with cough and LRTI. 
Furthermore, current mancozeb/ETU exposure was somewhat 
associated with more frequent LRTI. Unexpectedly, children 
with increased prenatal pyrethroid exposures had less often ever 
doctor-diagnosed asthma, and the estimated OR was even smaller 
after adjusting for maternal asthma. Possibly, mothers with asthma 
used more frequently pyrethroid insecticides during pregnancy, 
resulting in increased prenatal exposures to pyrethroids. Yet, these 
prenatal pyrethroids do not seem to lead to an increased asthma 
at 5 years of age.

Similar to our findings, a birth cohort in Cincinnati found null 
associations of prenatal urinary pyrethroid metabolite concentra-
tions with wheeze among children aged 8, but no current exposure 
levels were reported.29 In contrast to our findings, a cohort in New 
York City reported higher prenatal permethrin and air concen-
trations were associated with cough, but not wheeze, in children 
aged 5 years.30 An analysis among a subset of these children indi-
cated prenatal indoor air PBO (a synergist for pyrethroid insecti-
cides), but not current PBO or permethrin, which was associated 
with cough at age 5–6 years, but not with asthma or wheeze.11 
Furthermore, current permethrin was associated with total IgE 
levels, but not indoor allergen-specific IgE. The authors hypothe- 
sised the effect of permethrin exposure, which may have been 
driven by sensitisation to outdoor pollen or food allergens, and 
mentioned that cough may be a result of sensory nerve irritation 
by pyrethroids.11 With respect to studies among adults exposed to 
pyrethroids, their findings are consistent with ours. The Agricul-
tural Health Study in USA reported current use of pyrethroids was 
associated with wheeze in farmers,6 31 allergic asthma in farmers32 

and female spouses33 as well as non-allergic asthma in female 
spouses.33 A study among rural women workers in South Africa 
found pyrethroid exposure was associated with the activation of 
T-helper cells type 2 cytokines (IL-4, IL-5 and IL-13), these mecha- 
nisms may be involved in the development of asthma-related 
outcomes.34

We previously reported increased urinary ETU (metabolite 
of mancozeb) during the first half of pregnancy was associated 
with an increased odds of LRTI during the first year of life.17 In 
this study, we observed that higher current ETU was somewhat 
associated with an increased odds of current LRTI; the estimate 
was imprecise as only 5% of the children had current LRTI. 
Still, our results suggest a continued effect of high mancozeb/
ETU exposure on children’s respiratory health. This is somewhat 
consistent with results from a cross-sectional study among chil-
dren aged 3–10 years in France (n=66) in which higher urinary 
ETU was positively associated with symptoms of asthma and 
rhinitis.15 Data from occupational studies have shown dithiocar-
bamate fungicides like mancozeb may affect respiratory function 
by modulating the immune system, inducing macrophage acti-
vation and enhancing the inflammatory response.35–37 Median 
prenatal and current urinary ETU concentrations in our study 
were about threefold higher than the study in France,15 which 
may be explained by the frequent aerial applications of mancozeb 
performed in the ISA study area.

With respect to OP pesticides, such as chlorpyrifos, results 
from the CHAMACOS birth cohort have shown both increased 
prenatal urinary OP-metabolite concentrations during the 
second half of pregnancy and higher cumulative OP-exposure 
during childhood were associated with higher odds of respira-
tory symptoms at ages 5 and 712 and decreased lung function 
at age 7.13 In addition, repeated data of 16 school-aged children 
(6–16 years) with asthma who lived in a farmworker community 
in Washington State showed that children with higher urinary 
OP-metabolite concentrations had elevated leukotrienes, an 
indicator of asthma exacerbation.38 In our study, we measured 
urinary TCP, a specific metabolite of chlorpyrifos, instead of 
general OP-metabolites, and found null associations for prenatal 
and current TCP with most respiratory or allergic outcomes at 
age 5 years. Although imprecise, children with high current TCP 
concentrations had increased odds of LRTI, whereas those with 

Table 4  ORs, adjusted for maternal smoking during pregnancy and child’s sex, of high (≥P75) specific pesticide exposures and childhood 
respiratory outcomes during last 12 months

Current wheeze (N=62) Ever doctor-diagnosed asthma (N=37) Current dry cough (N=118) Current LRTI (N=15)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Prenatal metabolites* (n=303)

TCP 1.52 0.81 to 2.79 0.88 0.37 to 1.92 1.11 0.65 to 1.89 1.09 0.29 to 3.31

ETU 1.22 0.63 to 2.28 0.86 0.35 to 1.9 0.91 0.52 to 1.55 1.11 0.3 to 3.39

OHP 0.58 0.27 to 1.15 0.79 0.32 to 1.77 1.04 0.6 to 1.77 0.74 0.17 to 2.42

OHT 0.65 0.31 to 1.27 0.65 0.25 to 1.49 1.08 0.63 to 1.83 0.43 0.07 to 1.61

2,4-D 1.21 0.63 to 2.25 0.46 0.16 to 1.11 0.86 0.5 to 1.48 1.5 0.45 to 4.42

3PBA 1.22 0.64 to 2.27 0.6 0.23 to 1.38 1.15 0.67 to 1.96 0.7 0.16 to 2.31

DCCA 0.81 0.4 to 1.55 0.21 0.05 to 0.62 0.74 0.42 to 1.27 1.06 0.29 to 3.23

∑ Pyrethroid† 1.12 0.58 to 2.09 0.39 0.13 to 0.98 0.91 0.52 to 1.55 1.04 0.28 to 3.17

Child metabolites* (n=293)

TCP 0.94 0.48 to 1.79 1.14 0.5 to 2.46 0.78 0.45 to 1.35 2.05 0.66 to 5.89

ETU 0.58 0.27 to 1.15 0.66 0.25 to 1.53 0.94 0.54 to 1.61 2.09 0.68 to 6.02

OHP 1.21 0.63 to 2.26 1.4 0.62 to 2.97 1.29 0.75 to 2.2 2.1 0.68 to 6.07

OHT 1.17 0.61 to 2.2 1.82 0.84 to 3.8 0.91 0.52 to 1.56 2.03 0.66 to 5.85

2,4-D 0.84 0.42 to 1.61 0.54 0.19 to 1.28 0.76 0.43 to 1.31 1.47 0.45 to 4.32

3PBA 1.72 0.92 to 3.17 1.75 0.81 to 3.66 1.41 0.82 to 2.41 2.7 0.91 to 7.82

DCCA 1.95 1.05 to 3.58 2.09 0.98 to 4.36 1.35 0.79 to 2.31 2.06 0.67 to 5.93

∑ Pyrethroid† 2.37 1.28 to 4.34 2.09 0.98 to 4.36 1.58 0.92 to 2.71 2.78 0.94 to 8.04

ISA study at 5 years of age, Matina County, Costa Rica 2015–2016.
*Variables dichotomised at 75th percentile; reference: below 75th percentile.
†∑ Pyrethroid: sum of PBA and DCCA.
2,4-D, 2,4-dichlorophenoxyacetic acid; ETU, ethylenethiourea; OHP, hydroxypyrimethanil; OHT, 5-hydroxythiabendazole; 3-PBA, 3-phenoxybenzoic acid, DCCA: 3-(2,2-dichlorovinyl)-2,2-dimethyl-
cyclopropane-1-carboxylic acid; TCP, 3,5,6 trichloro-2-pyridinol.
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high prenatal TCP concentrations had decreased odds of eczema. 
Yet, these associations were attenuated when analysing TCP as 

a continuous variable. Although research in children is limited, 
studies in adults have shown associations between exposure to 
chlorpyrifos and respiratory outcomes. For example, a study of 
69 indigenous women in Costa Rica reported increased odds of 
wheezing among non-smoker women exposed to chlorpyrifos-
treated bags.39 Additionally, a cross-sectional study of 496 Dow 
Chemical Company’s (Midland, MI, USA) employees who worked 
in chlorpyrifos production found increased odds of acute respira-
tory infections (OR: 1.49; 95% CI 1.8 to 2.5) as compared with 
unexposed workers (n=911) matched for age, race, sex, pay and 
year of hire.40 Animal and in vitro studies have demonstrated 
possible mechanisms of chlorpyrifos on respiratory outcomes. 
In guinea pigs, chlorpyrifos induced airway hyperactivity via 
neuronal M2 receptor disfunction, a mechanism involved with 
asthma.32 Furthermore, an in vitro study observed that chlorpy-
rifos inhibited the proinflammatory function of macrophages, 
which may be related to pesticide-induced immunosuppression41 
and contribute to LRTI.

Assessment of pesticide exposure and its effects on human 
health are difficult. Although biomonitoring of pesticide-specific 
metabolites is generally considered the gold standard for expo-
sure assessment, metabolites of current-use pesticides mostly 
reflect exposures during the 24 hours prior to sample collection.10 
Given the intermittent nature of pesticide use, accurately cha- 
racterising chronic exposures is challenging, which is reflected by 
the relatively low intraclass correlation coefficients (0.14–0.41) of 
our repeat prenatal urine samples, and will most likely result in 
non-specific misclassification of exposure and attenuation of effect 
estimates. Our study is challenged by its relatively small sample 
size. We have successfully followed 303 children and their mothers 
from pregnancy until 5 years of age (67% follow-up), which is a 
strength. As mother–child pairs included in this analysis were 
similar in sociodemographic attributes to the initial cohort, selec-
tion bias is unlikely. However, since exposure is hard to quantify 
well and some of the outcomes were rare (ie, LRTI 5%), this study 
would benefit from a larger sample size with more measurements 
of pesticide exposure to adequately address the questions related 
to pesticide exposure and respiratory health.

In our study, we observed a high prevalence of respiratory 
outcomes measured through the validated and widely used ISAAC 
questionnaires. In 2012, the global estimated prevalence for symp-
toms of asthma (defined by self-reported wheezing during last 12 

Figure 1  ORs, adjusted for maternal smoking during pregnancy 
and child’s sex,of high (≥P75) Σpyrethroid exposures and childhood 
respiratory and allergic outcomes. ISA study at 5 years of age, Matina 
County, Costa Rica 2015–2016. ORs presented on the logarithmic 
scale. 3-PBA, 3-phenoxybenzoic acid, DCCA, 3-(2,2-dichlorovinyl)-2,2-
dimethyl-cyclopropane-1-carboxylic acid.

Table 5  ORs adjusted for maternal smoking during pregnancy, child’s sex of high (≥P75) specific pesticide exposures and childhood allergic 
outcomes during last 12 months unless indicated elsewise, ISA study at 5 years of age, Matina County, Costa Rica 2015–2016

Current nasal allergies (allergic rhinitis) (n=63) Current itchy rash (atopic eczema) (n=39) Ever doctor-diagnosed eczema (n=21)

OR† 95% CI OR† 95% CI OR† 95% CI

Prenatal metabolites* (n=303)

TCP 0.49 0.22 to 0.98 0.79 0.33 to 1.74 0.68 0.19 to 1.91

ETU 0.74 0.36 to 1.42 0.66 0.26 to 1.51 0.68 0.19 to 1.91

OHP 1.39 0.74 to 2.54 1.03 0.45 to 2.21 2.39 0.94 to 5.9

OHT 0.64 0.31 to 1.25 1.37 0.63 to 2.86 0.94 0.3 to 2.49

2,4-D 1.36 0.72 to 2.51 1.22 0.55 to 2.56 0.95 0.3 to 2.54

3PBA 1.24 0.65 to 2.28 0.53 0.2 to 1.22 1.56 0.57 to 3.93

DCCA 1.01 0.52 to 1.89 1.13 0.5 to 2.38 1.21 0.42 to 3.12

∑ Pyrethroid† 1.01 0.52 to 1.88 0.8 0.33 to 1.76 1.57 0.57 to 3.97

Child metabolites* (n=293)

TCP 0.96 0.48 to 1.8 0.58 0.22 to 1.33 0.92 0.29 to 2.44

ETU 0.51 0.23 to 1.04 1.37 0.63 to 2.86 0.29 0.05 to 1.05

OHP 1.32 0.69 to 2.44 1.24 0.55 to 2.62 0.68 0.19 to 1.92

OHT 1.19 0.62 to 2.21 1.56 0.73 to 3.24 0.29 0.05 to 1.04

2,4-D 1.19 0.62 to 2.21 1.16 0.52 to 2.45 1.24 0.43 to 3.21

3PBA 0.85 0.42 to 1.63 2.58 1.25 to 5.27 1.23 0.42 to 3.18

DCCA 0.76 0.37 to 1.46 2.08 0.99 to 4.27 1.19 0.41 to 3.06

∑ Pyrethroid† 0.85 0.43 to 1.63 2.74 1.33 to 5.6 1.55 0.57 to 3.89

*Variables dichotomised at 75th percentile; reference: below 75th percentile
†∑ Pyrethroid: sum of PBA and DCCA.
2,4-D, 2,4-dichlorophenoxyacetic acid; ETU, ethylenethiourea; ISA, Infants’ Environmental Health Study; OHP, hydroxypyrimethanil; OHT, 5-hydroxythiabendazole; 3-PBA, 3-phenoxybenzoic acid; 
3-PBA, 3-phenoxybenzoic acid, DCCA: 3-(2,2-dichlorovinyl)-2,2-dimethyl-cyclopropane-1-carboxylic acid; TCP, 3,5,6 trichloro-2-pyridinol.
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months), rhinitis and symptoms of eczema among children age 6–7 
years were 12%, 9% and 8%, respectively.2 Compared with these 
estimates, our population had a higher prevalence of symptoms of 
asthma (wheezing) (20%), rhinitis (20%) and symptoms of eczema 
(13%). The 2014 ISAAC Survey in Costa Rica reported a similar 
prevalence of symptoms of asthma of 24% and eczema (16%), and 
a higher prevalence of rhinitis (40%) among 6–7-year-old children 
in Costa Rica.26 Overall, these estimates demonstrate that respira-
tory and allergic outcomes are an important public health concern 
for children in Costa Rica.

In conclusion, our study shows that children living in a rural 
area with large-scale banana farming for export purposes in Costa 
Rica are exposed to pesticides used in agriculture and vector 
control, and their exposure levels are relatively high. Given the 
associations of pesticide exposure with adverse outcomes, inter-
ventions to reduce children’s pesticide exposure such as elimina-
tion of mosquito breeding sites, diversification of monoculture 
systems, improvement of soil quality, use of non-chemical pest 
control methods, integrated pest management, revision of applica-
tion methods and increase in the distance between pesticide appli-
cations and residential areas are warranted.

Our findings indicate that current pyrethroid exposure is asso-
ciated with asthma, wheeze, LRTI and allergic skin rashes. Our 
results also show that mancozeb exposure may be associated with 
LRTI. These findings are important as pyrethroids are broadly 
used worldwide at home and in agriculture, and mancozeb is one 
of the most-used fungicides in agriculture, possibly putting chil-
dren’s health at risk.
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RESUMO
Introdução A obesidade é um fator de risco conhecido 
para a asma. Embora existam indícios de que a asma 
provoca obesidade nas crianças, a ligação entre a asma e 
a obesidade não tem sido investigada em adultos.
Métodos Utilizámos os dados do European Community 
Respiratory Health Survey (ECRHS), um estudo coorte 
levado a cabo em 11 países europeus e na Austrália em 
3 ondas entre 1990 e 2014 em intervalos de cerca de 10 
anos. Considerámos dois períodos do estudo: de ECRHS 
I (t) a ECRHS II (t+1) e de ECRHS II (t) a ECRHS III (t+1). 
Excluímos os indivíduos obesos (índice de massa corporal 
≥30 kg/m2) na visita t. O risco relativo (RR) de obesidade 
em t+1 associado à asma em t foi estumado por uma 
regressão de Poisson multivariada modificada (lag) com 
medições repetidas. Além disso, examinámos a associa-
ção de atopia e medicação de asma no desenvolvimento 
da obesidade.
Resultados Incluímos 7576 participantes no período 
ECRHS I-II [51,5 % mulheres, média de idade (DP) de 
34 (7) anos] e 4976 no ECRHS II-III [513 % mulheres, 42 
(8) anos]. Nove por cento dos participantes tornaram-se 
obesos em ECRHS I-II e 15 % em ECRHS II-III. O risco de 
desenvolver obesidade foi mais elevado entre os asmá-
ticos do que os não asmáticos (RR 1,22, IC 95%, 1,07 
a 1,38), e particularmente mais elevado entre os não 
atópicos do que os atópicos (1,47; 1,17 a 1,86 vs 1,04; 
0,86 a 1,27), os que padeciam da doença há mais tempo 
(1,32; 1,10 a 1,59 há >20 anos vs 1,12; 0,87 a 1,43 há 
≤20 anos) e os que tomavam corticosteroides orais (1,99; 
1,26 a 3,15 vs. 1,15; 1,03 a 1,28). A atividade física não 
foi um mediador nesta associação.
Conclusão Este é o primeiro estudo que mostra que os 
adultos asmáticos têm um risco mais elevado de desen-
volver obesidade do que os não asmáticos, em especial 
os não atópicos, que padecem da doença há mais tempo 
ou que tomam corticosteroides orais.

INTRODUCTION
Several studies demonstrating the coexistence 
of obesity and asthma across the world suggest 
the presence of common aetiological factors 
between these conditions.1–5 Asthma and obesity 
share some common socioeconomic, beha- 
vioural and environmental risk factors, all of which 
could trigger the expression of genes, leading 
to the development of either of these diseases. 
Previous studies focused mainly on the mecha-
nisms by which obesity could lead to asthma. 

Several obesity-associated biological phenomena 
have been proposed, such as by altering the lung 
compliance (causing airflow limitation), increasing 
the synthesis of immune-modulators, affecting 
the sympathetic nervous system or by modulating 
gene function.1 2 The inverse relationship, that is, 
whether asthma is a risk factor for later obesity had 
not received much attention until recently.

In a longitudinal cohort study of kindergarten 
and first-grade children, Chen et al. observed 
that the non-obese children who were diagnosed 
with asthma during the recruitment phase were 
at increased risk of developing obesity during the 
10 years follow-up.6 This was confirmed in a pooled 
analysis of 18 European cohorts associating physi-
cian diagnosed asthma at 3–4 years with incident 
obesity at 8 years, the risk being higher among 
children with active asthma symptoms.7 Another 
recent study demonstrated a link between high 
peak flow variability in childhood and a steeper 
increase of body mass index (BMI) in adulthood.8 
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Key messages

What is the key question?
u Although an association between obesity 

and asthma has been well established, 
whether asthma can relate to the increa-
sed risk of future obesity has only been 
studied in children.

What is the bottom line?
uAsthmatics, particularly those who were 

non-atopic, had longer disease duration 
or were on oral corticosteroids, were at a 
higher risk of developing obesity later in 
life. This association was not mediated by 
physical activity.

Why read on?
uUnderstanding the crosstalk between asthma 

and obesity would help set a proper strategy 
for asthma management, particularly with 
an emphasis on reducing adverse effects of 
corticosteroids in asthma treatment.
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Despite studies on children and young adolescents, whether and 
to what extent asthma increased the risk for subsequent obesity 
among adults remained unclear. Asthma in adults may be causally 
and aetiologically more complex than childhood asthma (which 
is predominantly allergic asthma), therefore, the magnitude of the 
asthma-obesity risk is likely to be different in adults.

In line with the previously reported observations, we hypothe-
sised that asthma could be a risk factor for obesity at a later stage 
of life. Therefore, we aimed to investigate the occurrence of obesity 
attributable to asthma in participants of the European Community 
Respiratory Health Survey (ECRHS) over two period of 10 years.

METHODS
Design and participants
ECRHS is a population-based cohort study initiated in 1990–1994 
(ECRHS-I) with over 18 000 participants aged between 20 and 44 
years from 30 centres in 14 countries, which had two follow-up 
rounds at approximately 10-year intervals (ECRHS-II in 1999–
2003 and ECRHS-III in 2010–2014). In the recruitment phase, 
a postal questionnaire was sent containing items about asthma 
symptoms and exacerbation history in the last 12 months, current 
medication and allergic conditions such as nasal symptoms and 
hay fever. From those who responded to the postal questionnaire, 
participants were either selected from a random sample or a symp-
tomatic sample and were invited for more detailed investigation 
that included an interviewer-administered questionnaire and lung 
function testing.9 10 The questionnaires and clinical investigations 
were repeated in the next follow-ups (ECRHS-II and III).

The design and selection of participants of this study are 
presented in figure  1. We considered two study periods: from 
ECRHS I (t) to ECRHS II (t+1), and from ECRHS II (t) to ECRHS 
III (t+1). At each period we classified the participants as ‘no asthma’ 
or ‘current asthma’ (see definitions below). To study only incident 
obesity, we excluded individuals who were obese (BMI ≥30 kg/m2) 
at visit t. To avoid misclassification in the definition of the ‘current 
asthma’ and ‘no asthma’ groups, we excluded participants with 
inactive asthma (ie, self-reported doctor diagnosed asthma, with 
no respiratory symptoms within the last 12 months). We finally 
excluded subjects with missing asthma or obesity information at 
either t or t+1, giving a total of 8716 participants from 26 centres of 
11 European countries and Australia. Ethical approval of the study 
was obtained from the ethical review boards or committees of 
the respective centres. All participants provided signed informed 
consent. Detailed information about the ethical approval, informed 
consent and data management were described elsewhere.10

Definition of asthma-related variables
Asthma-related information was collected at each survey. We 
defined current asthma as giving a positive answer to the ques-
tions ‘Have you ever had asthma?’ and ‘Was this confirmed by a 
doctor?’, and having reported at least one of the following in the 

last 12 months: waking up by an attack of shortness of breath, 
any asthma attack, or use of asthma medications.11–13 Asthma 
duration at t was derived as the number of years between age 
at t and reported age at first asthma onset. Atopy was defined 
as a serum specific IgE antibody concentration of  ≥0.35 kUA/L 
to at least one of four common allergens (house dust mite, cat, 
timothy grass or Cladosporium herbarum), as defined previ-
ously.14 We also obtained information on asthma drug treatment 
from the questions ‘Have you used any pills, capsules, tablets or 
medicines, other than inhaled medicines, to help your breathing 
at any time in the last 12 months?’, and defined whether each 
patient took inhaled (ICS) oral corticosteroids (OCS) or both 
during the last 12 months. Only at ECRHS II, information was 
collected on whether OCS were used continuously, for a short-
course, or as rescue medication. The modified Medical Research 
Council (mMRC) Dyspnoea Scale was used to define dyspnoea 
(considered if they had mMRC grade ≥2).15

Obesity
Height and weight of all participants were measured by physical 
examination during the clinical visit at each survey. BMI was 
calculated as weight in kilograms divided by the square of height 
in metres. Obesity was defined as BMI ≥30 kg/m2.16

Other relevant information
At each study wave, we collected data on sociodemographic and 
other clinical factors using questionnaires. These included sex, 
age, education (age at which the participants finished their formal 
education) and smoking status (never, former and current) and 
intensity (pack-years).

Information about physical activity of the participants was 
obtained at ECRHS-II and III from a self-completed questionnaire 
in which they were asked about the weekly frequency and duration 
of vigorous physical activity.17–19 Those who exercised at least two 
times a week for at least 1 hour were considered physically active.

Statistical analyses
Relative risks (RR) and 95% CIs for the association of current 
asthma, asthma with atopy, asthma duration, and asthma with 
medication (ICS, OCS or both), with new obesity onset were esti-
mated using modified Poisson regression for repeated measures 
with time of follow-up as offset.20 Exposure was the asthma status 
at the survey time t (lag1) and outcome was obesity at subsequent 
time t+1. Therefore, participants could contribute with one or two 
observations, that is, from ECRHS-I to ECRHS-II and/or from 
ECRHS-II to ECRHS-III (figure  1). Multivariate models were 
fitted after testing the following potential confounders: education, 
sex, age, smoking status and physical activity (between ECRHS-
II and III only). Only those variables associated (ie, p<0.05) both 
with asthma and obesity were retained. Hence, the final models 
were adjusted for age, sex and smoking status at time t. Subjects 

Figure 1  Schematic representation of the study design. ECRHS, European Community Respiratory Health Survey.
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mediating the relationship between asthma at ECRHS-I and 
obesity at ECRHS-II (path 2), and physical activity at ECRHS-III 
mediating the relationship between asthma at ECRHS-II and 
obesity at ECRHS-III (path 3) and (2) to estimate the impact of 
smoking cessation on the association between asthma and new 
obesity onset, we stratified our models by active smokers (at time 
t), smokers who quit during the study (between ECRHS-I and II, 
and ECRHS-II and III), and never smokers.

Some sensitivity analyses were performed to check the robust-
ness of our results. We repeated our analyses: (1) excluding those 
who did not take part in all three ECRHS waves; (2) excluding 
participants who reported avoiding physical activity because of 
respiratory symptoms; (3) excluding those who reported dysp-
noea at time t; (4) defining current asthma as the a self-report 
of doctor’s diagnosis and at least one of the following within the 
last 12 months: waking up by an attack of shortness of breath, any 
asthma attack, use of asthma medications, wheeze, shortness of 
breath, waking up with chest tightness or attack of cough and (5) 
using BMI change between t and t+1 as the outcome variable in 
linear mixed regression. All analyses were performed in STATA 
(V.12.1, StataCorp).

ANALYSIS
Distribution of the participants included in this analysis is presented 
in table 1. We studied 7576 participants in the period ECRHS I-II 
(51.5% female, mean (SD) age of 34 (7) years at ECRHS I) and 
4976 participants in the period ECRHS II–III (51.3% female, 42 
(8) years at ECRHS II). Current smokers decreased during follow-
up (30% in ECRHS I–II vs 19% in ECRHS II–III). The relative 
number of participants with current asthma remained the same 
across the study waves. Overall, 9% of participants became obese 
from ECRHS-I to ECRHS-II and this proportion rose to 15% from 
ECRHS II to ECRHS-III. We observed that 37% of the study popu-
lation was physically active at ECRHS-II which increased slightly 
to 42% at ECRHS-III.

The association between asthma and obesity is presented in 
online supplemental table E1 and figure 2. Compared with 8.4% 
and 14.6% of non-asthmatics who developed obesity at ECRHS-II 
and ECRHS-III, respectively, 10.7% and 16.9% asthmatics develo-
ped obesity at ECRHS-II and III. The absolute risk difference in 
asthmatics vs no asthmatics was 2.3% (95% CI 0.8% to 3.9%) and 
the RR was 1.21 (95% CI 1.07 to 1.37). After adjusting for poten-
tial confounders (age, sex and smoking status at time t), the asso-
ciation between asthma and the development of obesity remained 
significant (1.22; 95% CI 1.07 to 1.38). The association was stronger 
among asthmatics without atopy (1.47; 95% CI 1.17 to 1.86), asth-
matics with longer disease duration (1.32; 95% CI 1.10 to 1.59), 
asthmatics who used OCS (1.99; 95% CI 1.26 to 3.15) and those 
who used both OCS and ICS (2.07; 95% CI 1.19 to 3.59).

We conducted post hoc analyses to understand better the asso-
ciation between OCS intake and incident obesity. The comparison 
between patients on continuous, short course or use as rescue 
medication of OCS suggested a higher risk of obesity among those 
using continuously, but very small sample size precluded any kind 
of statistical testing (online supplemental table E2).

The association of asthma and obesity was similar in males 
(1.27; 95% CI 1.06 to 1.51) and females (1.20; 95% CI 1.01 to 1.42, 
online supplemental table E3). The association of asthma with 
new-onset obesity was homogeneous across the participating 
countries (figure 3) and centres (online supplemental figure E1). 
The overall estimates from the meta-analyses were similar to that 
reported in the main analysis and there was no statistical evidence 
of heterogeneity (I2=0, p values for heterogeneity were 0.70 and 
0.96 for country and centre, respectively).

No evidence of physical activity as a mediator in the asthma-
obesity association was observed (online supplemental table E4). 
When stratified by smoking status, the risk of becoming obese in 
asthmatics was higher among current smokers (1.46, 95% CI 1.12 
to 1.90) and among never smokers (1.27, 95% CI 1.08 to 1.49), 
while no association between asthma and obesity was observed 
among those who stopped smoking (0.95; 95% CI 0.65 to 1.37) 

Table 1  Demographic profile of the study participants in ECRHS I–II 
and in ECRHS II–III

ECRHS I–II n=7576 ECRHS II–III n=4976

Sex (female), n (%) 3905 (51.5) 2555 (51.3)

Age t (years), mean (SD) 34.0 (7.1) 41.5 (7.8)

Age t+1 (years), mean (SD) 42.7 (7.2) 53.9 (7.1)

Education, n (%)

 � Low 813 (10.8) 409 (8.5)

 � Medium 2715 (36.0) 1675 (34.7)

 � High 4024 (53.3) 2744 (56.8)

Country, n (%)

 � Australia 387 (5.1) 212 (4.3)

 � Belgium 528 (7.0) 287 (5.8)

 � Estonia 250 (3.3) 132 (2.7)

 � France 862 (11.4) 737 (14.8)

 � Germany 534 (7.0) 545 (11.0)

 � Iceland 434 (5.7) 320 (6.4)

 � Italy 512 (6.8) 210 (4.2)

 � Norway 500 (6.6) 298 (6.0)

 � Spain 1353 (17.9) 806 (16.2)

 � Sweden 1231 (16.2) 749 (15.1)

 � Switzerland 483 (6.4) 403 (8.1)

 � UK 502 (6.6) 277 (5.6)

Smoking status t, n (%)

 � Never 3272 (43.3) 2201 (44.4)

 � Former 2043 (27.0) 1814 (36.6)

 � Current 2247 (29.7) 939 (19.0)

Current asthma t, n (%)

 � No asthma 6859 (90.5) 4495 (90.2)

 � Current asthma, all 717 (9.5) 490 (9.8)

 � Current asthma, without atopy 271 (3.6) 190 (3.8)

 � Current asthma, with atopy 446 (5.9) 300 (6.0)

 � Current asthma, ≤20 years since onset 406 (5.4) 218 (4.4)

 � Current asthma, >20 years since onset 308 (4.1) 266 (5.3)

 � Current asthma, no ICS 494 (6.5) 260 (5.2)

 � Current asthma, with ICS 223 (2.9) 230 (4.6)

 � Current asthma, no OCS 664 (8.8) 454 (9.1)

 � Current asthma, with OCS 53 (0.7) 36 (0.7)

 � Current asthma, only ICS 183 (2.4) 199 (4.0)

 � Current asthma, ICS and OCS 40 (0.5) 31 (0.6)

BMI t (kg/m2), mean (SD) 23.3 (2.8) 24.1 (2.9)

BMI t+1 (kg/m2), mean (SD) 25.0 (3.6) 26.0 (3.8)

Obesity (yes) t+1, n (%) 655 (8.6) 736 (14.8)

Dyspnoea (yes) t, n (%) 256 (3.4) 182 (3.7)

Physical activity (yes) t+1, n (%) 2627 (37.0) 2029 (41.8)

Current asthma defined as a self-report of a doctor’s asthma diagnosis and at least one of the 
following, within the last 12 months: waking up by an attack of shortness of breath, any asthma attack 
or use of asthma medications. Individuals with inactive asthma (reporting asthma diagnosis without 
any current symptoms) were excluded from the study (see the Methods section).
BMI, body mass index; ECRHS, European Community Respiratory Health Survey; ICS, inhaled 
corticosteroids; OCS, oral corticosteroids.

nested in centre were included as random effects to account for the 
repeated data design.

Models were presented overall and separately by sex. We 
performed meta-analysis to determine if there was any heteroge-
neity between the participating countries and between centres.

Two secondary analyses were performed: (1) to determine 
if physical activity could be a mediator in the asthma-obesity 
association, we tested three paths separately: physical activity at 
ECRHS-II mediating the relationship between asthma at ECRHS-I 
and obesity at ECRHS-II (path 1), physical activity at ECRHS-II 
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increased insulin resistance.32 However, we also found an increased 
and statistically significant risk of obesity among asthmatics who 
reported not having taken OCS. One could argue that, if asthma 
really causes weight gain, this effect would be higher among those 
with severe asthma, so the higher risk observed among OCS users 
is actually the result of confounding by indication and not a result 
of the treatment itself.33 This is supported by our findings of higher 
obesity risk among asthmatics of longer disease duration.

A potential explanation for asthma causing weight gain is 
through the reduction of physical activity levels. Patients with 
chronic respiratory diseases tend to be less physically active due 
to recurrent episodes of breathlessness or persistent wheezing.34 
However, our analyses do not support this hypothesis, as physical 
activity was not mediating the asthma–obesity association and this 
association remained after excluding those participants who did 
not perform physical activity due to breathlessness, in line with 
the previously mentioned study among asthmatic children who 
developed obesity on follow-up independent of physical activity.6

Another potential explanation would the via a role of smoking. 
Smoking cessation has been observed to augment weight gain 
at least in the short term.35 36 However, we found no association 
between asthma and incident obesity among participants who had 
quit smoking. On the contrary, we observed greater RRs among 
current smokers and non-smokers. Smoking has been observed to 
reduce the efficacy of steroid treatment in asthma,37–39 so it could be 
argued that asthmatics who smoke are at a higher risk of the effects 
of asthma (such as obesity) because of worse disease control. All 
these suggest that there may be mechanisms other than OCS use, 
reducing physical activity and smoking cessation, linking asthma 
to obesity, but these are yet unknown.

Our study outcomes are of significant clinical importance. First, 
our observation of higher obesity risk in asthmatics who took 
OCS, advocates the minimal and precise use of OCS in asthma.40 
Although current recommendations of OCS for asthma manage-
ment, several reports also indicate that oral steroids are still 
prescribed indiscriminately in asthma, sometimes, even without 
diagnosing the severity of the disease properly.41–43 This could 
result in an increasing burden of adverse health effects in asthma, 
obesity being one of the major consequences. Second, the obser-
vation of a greater risk of obesity among non-atopic asthmatics 
directs our attention towards adult-onset asthma and supports 
increasing attention to the reduction of adult risk factors, such as 
occupational exposures that account for up to 25% of adult-onset 
asthma.44 Third, we also observed a higher risk of obesity among 
asthmatics who were smokers. Although smoking cessation 
programmes have now become a part of the clinical management 
of respiratory and cardiovascular diseases, evidence shows that 
not all patients benefit from them, particularly in primary care.45 46 
Advice on smoking cessation along with its plausible consequences 

(online supplemental table E5). In the sensitivity analyses, the esti-
mates were comparable to the main analyses (online supplemental 
tables E6–E10).

DISCUSSION 
In this prospective cohort study, we found that individuals with 
active asthma were at higher risk of developing obesity compared 
with individuals without asthma, that this association was higher 
among non-atopic asthmatics, those with long disease duration or 
those using OCS, and that the association was not mediated by 
physical activity levels.

Our observation of accelerated weight gain among asthmatics 
is supported by a previous prospective study that demonstrated 
asthma to be associated with increased weight gain at a later stage 
in women,21 although unlike our results, they did not find any such 
association in men. Two recent longitudinal studies in children, 
one of them including more than 21 000 children from 16 Euro-
pean cohorts, showed that childhood asthma was a risk factor for 
obesity at a later age.6 7 Another recent report also demonstrated 
that children with high peak flow variability were on a steeper 
increase of BMI up to young adult life that was not associated with 
asthma.8 This evidence suggests that asthma and obesity share 
several common physiological pathways and a bidirectional asso-
ciation between asthma and obesity is plausible.

It has been debated whether there is any association between 
atopy and increased body weight.22 While several reports support 
this association,23 24 other studies have shown that the risk of 
being overweight is higher among the non-atopic than those with 
marked allergic sensitisation.25 26 Our observation of a greater risk 
of obesity among non-atopic asthmatics indicates that allergic 
sensitisation is unlikely to explain the association between asthma 
and obesity.

We observed that the risk of developing obesity was more 
pronounced among asthmatics who were on OCS than those 
who were not, in agreement with previous reports, in adults and 
children with asthma, relating the intake of OCS with abnormal 
weight gain.27–30 Unfortunately, we could not test the role of corti-
costeroids dose or duration due to small sample size of OCS users. 
The effects of long-term use of OCS on weight gain are well estab-
lished in asthma and general population,27 31 and supported by 
several mechanisms, including but not limited to increased lipid 
uptake from the gut and storing in the peripheral tissues,30 or 

Figure 2  Association between asthma, asthma with atopy, asthma 
duration and asthma with medication at t and incident obesity at t+1. 
Data presented as relative risk (RR) and 95% CI. RR was calculated 
from modified poisson regression with robust SEs and subjects nested 
in centre as random effects. All models (for all participants) were 
adjusted for age, sex and smoking status at time t. See full figures in 
online supplemental table E1. ICS, inhaled corticosteroids; OCS, oral 
corticosteroids.

Figure 3  Meta-analysis results of the association between asthma at 
t and obesity at t+1 by country.
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(such as temporary weight gain) should also be discussed with the 
patients. Finally, although we did not find any evidence of physical 
activity mediating the asthma-obesity interaction, it must be noted 
that lifestyle factors also significantly influence weight gain. Thus, 
advice on healthy diet, proper physical activity and lifestyle modi-
fication should be warranted as part of asthma management.

The strengths of our study included its longitudinal design, 
allowing the exclusion of obese subjects at baseline, with a large 
cohort that was followed over a long period of time. Furthermore, 
we performed several sensitivity analyses to test the robustness of 
our results against assumptions about asthma or obesity missclas-
sification, residual confounding or model missspecification. Lastly, 
the results were homogeneous across the participating countries 
which indicate that study findings can be extrapolated to other 
populations.

A limitation in this study is the potential bias in defining asthma 
and obesity status, given the lack of information on when events 
happened during the 10 years follow-up period. However, our 
results were robust to several sensitivity analyses. Although we 
were able to consider plausible known confounders, the effect of 
other lifestyle factors (such as diet, only available in a subsample 
of ECRHS at one single time point), psychosocial attributes, or 
genetic predisposition could not be analysed. Finally, we were 
limited to explore in detail the role of OCS on obesity risk because 
of the lack of detailed information on dosage, duration or their use 
for other diseases than asthma.

CONCLUSION
In summary, we demonstrated that participants with asthma were 
at a higher risk of developing obesity later in life and the risk was 
more pronounced among those asthmatics who were non-atopic, 
those with asthma of longer duration and those on OCS. These 
results support earlier results in children and warrant further clini-
coepidemiological and experimental research, in order to deter-
mine the mechanisms through which asthma could trigger obesity 
risk among adults.
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RESUMO
Introdução Muitos países implementaram a proibição de 
fumar em espaços fechados ao longo das últimas duas 
décadas. Embora as proibições de fumar tenham mostrado 
desfechos cardiovasculares reduzidos, pouco se sabe sobre 
o seu impacto sobre a saúde respiratória. Este estudo 
investigou o impacto de uma proibição de fumar em espa-
ços fechados a nível nacional sobre os comportamentos 
tabágicos e a função pulmonar.
Métodos Utilizámos dados transversais repetidos de duas 
grandes coortes da população geral compostos por 31 807 
adultos suíços e 62 093 dinamarqueses. Comparámos 
associações entre a proibição de fumar e a prevalên-
cia do tabagismo e das tendências na função pulmonar 
pré-broncodilatador na Dinamarca (onde a proibição de 
fumar em espaços fechados foi introduzida em 2007) e 
na Suíça (onde a proibição de fumar em espaços fechados 
foi introduzida em 2010) entre 2005 e 2010 utilizando 
uma conceção de estudo quase experimental. Realizámos 
uma análise de diferenças em diferenças com modelos de 
regressão lineares ajustado para a idade, o sexo, o peso 
e a altura.
Resultados A Dinamarca apresentou uma maior dimi-
nuição dos fumadores ativos quando comparado com a 
Suíça. Além disso, o volume expiratório forçado no primeiro 
segundo foi mais elevado nos adultos dinamarqueses do 
que nos suíços. 26 ml (IC 95%, 2,4 a 49) 1 ano, 88 ml (65 
a 112) 2 anos, e 74 ml (51 a 98) 3 anos depois da imple-
mentação da proibição de fumar.
Correspondentemente a capacidade vital forçada era mais 
elevada nos adultos dinamarqueses quando comparada 
com os adultos suíços [80 ml (50 a 109) após 1 ano e 26 
ml (97 a 155) após 2 e 3 anos]. As melhorias foram obser-
vadas tanto nos indivíduos que nunca fumaram como nos 
que continuaram a fumar, sendo mais pronunciadas nos 
que continuaram a fumar.
Conclusões A proibição de fumar em espaços fechados a 
nível nacional está associada a uma redução do tabagismo 
e a uma melhoria da população em geral. Implementar a 
proibição de fumar em espaços fechados pode melhorar a 
função pulmonar ao influenciar o comportamento tabágico 
e reduzir o tabagismo passivo.

INTRODUCTION
Secondhand tobacco smoke is a mixture of smoke 
from the burning tip of a tobacco product and 
smoke exhaled by an active smoker.1 Work and 
public places such as restaurants, bars and shop-
ping malls have historically been major sources of 
secondhand smoke exposure. Exposure to second-
hand tobacco smoke is linked to several adverse 
health outcomes such as cardiovascular diseases, 
lower respiratory tract infections and lung cancer.2–4 
The probability of being exposed to tobacco smoke 
is high, considering that smoking prevalence was 
around 20% worldwide and 27% in Europe among 
people aged 15 years or older in 2015.5 Hence, the 

vast majority of countries have enacted nation-
wide indoor smoking bans in the last two decades 
that prohibit smoking in work and public places. 
However, the benefits of such bans on public health 
are difficult to measure. Nonetheless, previous 
studies have shown that nationwide smoking 
bans seem to reduce hospital admissions due to 
cardiovascular disease,2 6 7 and countries that have 
implemented such bans report lower incidence of 
lung cancer, reduced asthma admission rates and a 
lower risk of respiratory diseases.4 8

Only few previous studies have shown that 
exposure to secondhand tobacco smoke is directly 
linked to lung function with inconsistent result.9–12 
Most of these studies included hospitality workers 
as study participants and were based on an uncon-
trolled before-and-after study design, either with 
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Key messages

What is already know on this topic
uNationwide indoor smoking bans have 

a beneficial impact on cardiovascular 
disease and smoking-related mortality, 
but the impact on respiratory health and 
smoking prevalence is less clear.

What this study adds
u  This study shows that a nationwide 

indoor smoking ban has a positive impact 
on lung function and smoking prevalence 
in the general population, as evidenced 
by a stronger decrease in active smokers 
and better lung function in the Danish 
population up to 3 years after the Danish 
smoking ban implementation compared 
with the Swiss population that was not 
exposed to such a ban within the study 
period.

How this study might affect rese-
arch, practice or policy

uThis is one of the first quasi-experimental 
studies in the field of respiratory public 
health and an example for illustrating key 
assumptions of the difference-in-difference 
approach, one of the most commonly used 
approaches for causal inference when ran-
domised trials are not possible. Our findings 
can be used as a guidance for policymakers 
to make evidence-based decisions related to 
respiratory health in the general population.
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cohort follow-up or repeated cross-sectional surveys.13–17 However, 
temporal trends cannot be controlled in the before-and-after study 
design that may bias a potential causal relationship between inter-
vention and outcome, but instead a quasi-experimental study 
design may offer a solution for this.18 19 A quasi-experimental study 
design is an empirical interventional study design that can estimate 
the impact of a certain intervention in a given population without 
random assignment, and, hence, shares several advantages with 
traditional experimental studies and randomised controlled trials.20

In the present study, we investigated the association between 
nationwide indoor smoking ban and lung function in two general 
populations using a quasi-experimental study design. We hypothe-
sised that a nationwide indoor smoking ban is associated with less 
smoking and improved lung function.

METHODS
Study design and populations
We chose a quasi-experimental study design to estimate the impact 
of a nationwide indoor smoking ban implementation on lung 
function and smoking behaviour. The quasi-experimental study 
design compares the exposure-outcome associations between an 
intervention and a control group, but the group allocation is not 
randomised. We compared lung function and smoking behaviour 
trends between Denmark and Switzerland. Denmark introduced a 
nationwide indoor smoking ban 3 years earlier than Switzerland, 
thereby providing an ideal framework to approximate the causal 
relationship by comparing the outcomes of a group exposed to a 
policy (Denmark) with the outcomes of a group not exposed to 
the policy (Switzerland). We used repeated cross-sectional data 
obtained from new independent individuals each year between 
2005 and 2010 from two large population-based cohorts to evalu-
ate changes in lung function and smoking behaviour associated 
with the nationwide indoor smoking ban implementation: the 
Copenhagen General Population Study and the Swiss LuftiBus 
Cohort.21 22

Exposure group: Denmark
The Copenhagen General Population Study is a prospective 
population-based cohort initiated in 2003 with ongoing enrolment. 
So far, more than 100 000 individuals have been randomly selected 
and invited from the Danish Civil Registration System to reflect 
the adult Danish general population. All participants completed a 
comprehensive questionnaire, underwent a physical examination 
including spirometry and gave blood for biochemical and genetic 

analyses. Additional data for each individual are available through 
nationwide health registries on hospitalisations and mortality. 
Individuals participating between 2005 and 2010 were used to 
form the exposure group. Since Denmark passed the nationwide 
Smoke-Free Environment Act on 6 June 2007 (Act number 512), 
which prohibits smoking in indoor workplaces, institutions and 
schools for children and adults, public places (eg, hotel rooms 
and public transportation) and hospitality establishments (eg, 
restaurants and bars), the Copenhagen General Population Study 
provides appropriate preban and postban spirometry data.23

Control group: Switzerland
Spirometry data from the control group were derived from the 
Swiss LuftiBus Cohort. LuftiBus is a health promotion campaign 
conducted by the Zurich Lung Association in Switzerland, a not-
for-profit health organisation.24 The campaign included a bus that 
travelled throughout Switzerland in the period between 1993 and 
2012 providing health information and offering spirometry to the 
general population. Spirometry data from 85 789 individuals were 
collected during this time period. Information on smoking, height 
and weight was also collected during the LuftiBus assessment. 
Since Switzerland implemented a nationwide indoor smoking ban 

Table 1  Baseline characteristics of the exposed (DK) and control 
group (CH) averaged over 2005 and 2006 prior to nationwide indoor 
smoking ban implementation in Denmark

Exposed group (DK) 
n=21 045

Control group (CH) 
n=12 223

Women 10 840 (52) 6372 (52)

Age, mean 61±13 51±17

Smoking status

 � Never-smokers 7935 (38) 6402 (52)

 � Ex-smokers 8337 (40) 2938 (24)

 � Current smokers 4773 (23) 2876 (24)

Height, cm 171±9.4 170±9.5

Weight, kg 77±15 71±14

FEV1, mL 2840±897 3176±975

FVC, mL 3669±1067 4092±1183

Data are presented as n (%) or mean±SD.
CH, Switzerland; DK, Denmark; FEV1, forced expiratory volume in first second; FVC, 
forced vital capacity.

Figure 1  Trends in smoking status between exposed (DK) and control group (CH) from 2005 to 2010. CH, Switzerland; DK, Denmark.
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on 1 May 2010, ie, 3 years later than Denmark, individuals partici-
pating in the LuftiBus between 2005 and 2010 were used to form 
the control group.

Lung function outcome measurement
Prebronchodilator measurements of forced expiratory volume 
in the first second (FEV1) and forced vital capacity (FVC) were 
used as lung function outcomes in both the Copenhagen General 
Population Study and the Swiss LuftiBus Cohort. Spirometry was 
performed with the ndd Medical Technologies EasyOne Spirom-
eter in the Copenhagen General Population Study and the VIASYS 
SensorMedics Vmax ENCORE 20c in the Swiss LuftiBus Cohort.

In the Copenhagen General Population Study, spirometry use 
has undergone a rigorous validation process before, including 
regular calibrations.25 Spirometry was performed in a standing 
position without the use of a noseclip under strict instructions 
from a healthcare professional in accordance with the internal 
standard operating procedures. A valid spirometry performance 
was based on at least two measurements differing by less than 5%, 
each with acceptable quality criteria. Only the highest measure-
ment for FEV1 and FVC was used.

In the Swiss LuftiBus Cohort, technicians calibrated the device 
daily and were trained at least two times a year. After receiving oral 
instructions from the technicians, participants performed spirome- 
try while sitting with a straight back and their neck in a neutral 
position without the use of a noseclip in accordance with the 
American Thoracic Society/European Respiratory Society recom-
mendations.26 27 A minimum of two acceptable measurements 
out of a maximum of eight were required for a valid spirometry 
performance. Only the highest measurement for FEV1 and FVC 
was used.

Statistical analysis
We compared trends in smoking status between exposed 
(Denmark) and control (Switzerland) groups in the preban and 
postban period to identify changes in smoking behaviour. We 
performed difference-in-difference (DID) analyses to investigate 
the change in FEV1 and FVC trends before and after the ban in 
the exposed group to the change in the outcome in the control 
group.20 The DID analyses were performed with linear regression 
models and adjusted for age, sex, weight and height and SEs were 
clustered at the country level. The DID estimate is the interaction 
term between time and group in the regression model and can, 
therefore, be used to compare trends in an outcome over multiple 
time periods. We also used the probability of being an ex-smoker, 
current and never-smoker as outcomes in the DID analyses to 

assess if smoking ban was associated with an increased smoking 
cessation rate in the study population.

The year 2006 was the reference year since it immediately 
preceded the year of policy implementation in Denmark. Outcomes 
were measured at different time points before and after the ban, 
and we, therefore, estimated the DID for multiple time points. The 
main assumption for DID is that of parallel trends in outcomes 
between exposure and control group before the ban implementa-
tion.20 The model assumes that in absence of implementation, the 
postban trend would have remained unchanged between expo-
sure and control group. Testing for parallel trends before imple-
mentation provides evidence of residual confounding over time 
that would bias the estimates. We provide graphical evidence for 
fulfilment of this assumption by plotting the mean outcomes by 
group and time period. We stratified the DID analyses by sex 
and smoking status rather than including them as covariates in 
our models to identify modifying effects on the smoking ban and 
lung function association. Furthermore, we performed subgroup 
analyses with only never-smokers to investigate if associations are 
more likely a result of change in smoking behaviour or a reduc-
tion of secondhand smoke exposure. To assess the robustness of 
our results, we used outcomes that should not be affected by the 
smoking ban policy, that is, height and weight. We chose height as 
a time-independent and weight as a time-dependent factor since 
they were available in both cohorts. We studied trends and calcu-
lated DID estimates for both outcomes. All statistical analyses 
were conducted in R V.4.0.4.28

RESULTS
Thirty one thousand eight-hundred and seven participants from 
Switzerland and 62 093 from Denmark aged  ≥20 years were 
enrolled in this study between 2005 and 2010 (online supple-
mental table S1). At baseline between 2005 to 2006 prior to the 
nationwide indoor smoking ban implementation in Denmark, 
Danish individuals were older (61 years vs 51 years), more often 
ex-smokers (40% vs 24%) and had a lower lung function (FEV1 
2840 mL and FVC 3669 mL vs FEV1 3176 mL and FVC 4092 mL) 
compared with Swiss individuals (table 1). Otherwise, we found 
no noteworthy differences. In total, there were 407 missing values 
(0.4%) in smoking behaviour, these cases had to be excluded from 
the analyses.

Trends in smoking prevalence
The prevalence of current smokers was decreasing for both 
countries and sexes between 2005 and 2010 after the nationwide 
smoking ban implementation (figure 1 and online supplemental 

Table 2  Difference-in-difference estimates and 95% CIs for being an ex-, current and never-smoker from 2005 to 2010, stratified by sex 
(corresponding, online supplemental figure S2–S4)

Year

Probability in Denmark compared with Switzerland in year 2006
Absolute difference in % (95% CI)

Ex-smoker Current smoker Never-smoker

Women Men Women Men Women Men

2005 1.4
(−1.3 to 4.0)

−6.2
(−9.1 to −3.3)

1.1
(−1.3 to 3.6)

5.4
(2.6 to 8.1)

−2.4
(−5.5 to 0.6)

0.8
(−2.3 to 3.9)

2006 ref. ref. ref. ref. ref. ref.

2007 6.8
(4.0 to 9.6)

0.5
(−2.6 to 3.7)

−5.2
(−7.7 to −2.7)

−2.5
(−5.4 to 0.4)

−1.4
(−4.6 to 1.8)

2.0
(−1.4 to 5.5)

2008 3.3
(0.5 to 6.1)

−1.2
(−4.2 to 1.9)

−3.5
(−6.0 to −1.0)

0.5
(−2.4 to 3.4)

0.3
(−2.9 to 3.5)

0.6
(−2.7 to 3.9)

2009 5.4
(2.5 to 8.2)

−0.3
(−3.4 to 2.8)

−7.8
(−10 to −5.4)

−1.5
(−4.3 to 1.3)

2.6
(−0.7 to 5.8)

1.8
(−1.6 to 5.1)

2010 6.9
(4.1 to 9.8)

2.4
(−0.6 to 5.5)

−3.9
(−6.3 to −1.5)

−1.7
(−4.4 to 1.1)

−3.0
(−6.2 to 0.2)

−0.7
(−4.0 to 2.6)

The estimates in the table show the probability of being an ex-, current or never-smoker in Denmark from 2005 to 2010 in women and men compared with Switzerland in year 
2006. For example, the probability of being an ex-smoker was 6.9% higher 3 years after the smoking ban implementation in 2010 for the Danish female population compared 
with the Swiss female population.
Ref, reference.
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reference year 2006, the probability increased to 6.8% (95% CI 4.0 
to 9.6) in the year of smoking ban implementation, 3.3% (0.5 to 
6.1) after 1 year, 5.4% (2.5 to 8.2) after 2 and 6.9% (4.1 to 9.8) after 
3 years in the exposed group. We did not observe a similar increase 
in male participants.

Accordingly, the probability of being a current smoker decreased 
in the female but not in the male population by −5.2% (95% CI 
−7.7 to –2.7) in the year of smoking ban implementation, −3.5% 
(−6.1 to −1.0) after 1 year, −7.8% (−10 to −5.4) after 2 and −3.9% 
(−6.3 to −1.5) after 3 years in the exposed group compared with 
the reference year 2006 (table  2 and online supplemental figure 
S3). The probability of being a never-smoker did not change after 
the smoking ban implementation between the two populations 
(table 2 and online supplemental figure S4).

Trends in lung function
Trends in FEV1 and FVC were almost parallel between the exposed 
and control group in the preban period from 2005 to 2007 (figure 2 
and online supplemental table S3). We observed changes in trends 
with implementation of the nationwide smoking ban from 2007 
and onwards. As expected, trends in height and weight were 
parallel in the preban and postban period, and the 95% CIs did not 
overlap in any of the years between the two groups.

Compared with the control group, FEV1 in the exposed group 
was higher: 26 mL (95% CI 2.4 to 49) after 1 year, 88 mL (65 to 
112) after 2 years and 74 mL (51 to 98) after 3 years of smoking 
ban implementation (figure  3 and online supplemental table 
S4). Correspondingly, FVC was also higher: 80 mL (50 to 109) 
after 2 years and 126 mL (97 to 155) after 3 years of smoking ban 
implementation.

Subgroup analyses
For never-smokers, FEV1 was highest with 65 mL (95% CI 33 to 
97) after 2 years and remained constant after 3 years of smoking 
ban implementation (figure 4 and online supplemental table S5). 
FVC changed from 66 mL (26 to 106) after 2 years to 99 mL (59 
to 139) after 3 years. The DID estimate was higher for current 
and ex-smokers than for never-smokers but with overlapping CIs 
(figure 4 and online supplemental table S5). FEV1 was 97 mL (62 
to 132) after 2 years and FVC 143 mL (101 to 186) after 3 years in 
current and ex-smokers. For women, FEV1 and FVC were highest 
3 years after smoking ban implementation with 81 mL (95% CI 55 
to 108) and 133 mL (99 to 166), respectively (online supplemental 
figure S5 and table S6). For men, FEV1 was highest 2 years and 
FVC 3 years after smoking ban implementation with 112 mL (73 to 
151) and 110 mL (64 to 157), respectively.

Sensitivity analyses
As expected, we could not see a clear pattern for change in height 
and weight between exposed and control group after nationwide 
smoking ban implementation. Height changed by −0.3 cm (95% CI 
−0.6 to −0.002) after 1 year, 0.5 cm (0.2 to 0.8) after 2 years and 

table S2). The decrease was larger in the exposed group compared 
with the control group. The prevalence of ex-smokers increased 
in the female Danish population compared with the female Swiss 
population. The prevalence of never-smokers was consistently 
higher in the control than in the exposed group between 2005 and 
2010 (online supplemental figure S1 and table S2).

In the DID analyses, we found an increasing probability of being 
an ex-smoker after the smoking ban implementation in women 
(table 2 and online supplemental figure S2). Compared with the 

Figure 2  Trends in age-standardised FEV1, FVC, height, and weight 
between exposed (DK) and control group (CH) according to sex and 
95% confidence intervals (CIs). CH, Switzerland; DK, Denmark; FEV1, 
forced expiratory volume in the first second; FVC, forced vital capacity.

Figure 3  Age-standardised difference-in-difference for FEV1 and FVC from 2005 to 2010 and 95% CIs. The dotted line represents the reference year: 
1 year prior the smoking ban implementation in the exposed group. Analyses were adjusted for age, sex, weight, and height and standard errors were 
clustered at the country level. Abs. diff., absolute difference; FEV1, forced expiratory volume in first second; FVC, forced vital capacity.
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before-and-after study design and included small samples of 
hospitality workers (n ranging from 71 to 105). In another syste-
matic review from 2017, eight out of nine studies were based on 
small samples of hospitality workers (n ranging from 53 to 198) 
and one study was based on healthy miners.12 Six out of these nine 
studies reported positive effects of smoking bans on lung function: 
the pooled meta-analysis resulted in a net difference in FEV1 of 
100 mL (95% CI −40 to 240) (three studies included) and in FVC of 
190 mL (130 to 250) (two studies included). Based on these system-
atic reviews and our extensive literature search, we could not find 
any study that estimated the association of indoor smoking ban on 
lung function based on the general population and using a quasi-
experimental study design.

We found that the mean difference in FEV1 was 88 mL higher 
after 2 years and in FVC 126 mL after 3 years of smoking ban imple-
mentation. These changes may have significant repercussions for 
public health as several large observational studies have shown a 
strong association of lung function with mortality in community-
based cohorts.30 31 In a prospective, international, community-
based cohort study including 126 359 adults, the largest population 
burden was associated with mildly to moderately reduced FEV1.

30 
Therefore, even a reduction of mildly to moderately impaired FEV1 
may have a great impact on health, in particular, on mortality and 
cardiovascular diseases.30

Our study has several limitations. One could argue that a poten-
tial limitation is that there was no random allocation of study 
participants to the exposed or control group. However, such an 
experiment would be unethical as smoking is known to be harmful. 
Thus, the best approach is to use a quasi-experimental study 
design to derive potential causal relationships. As our assumptions 
were met and results seemed robust, we believe our results to be 
valid. Another potential limitation is that there were no longitu-
dinal lung function data available, which would have allowed a 
pre–post comparison within the same individuals. However, the 
DID method considers changes over time within a group as well 
as relative to a control group. Although the Danish and the Swiss 

0.1 cm (−0.2 to 0.4) after 3 years of implementation in the exposed 
group (online supplemental figure S6 and table S7). Correspond-
ingly, weight changed by 1.0 kg (0.4 to 1.5), 0.6 kg (−0.02 to 1.1) 
and −0.7 kg (−1.2 to −0.1), respectively.

DISCUSSION
In this two-population natural experiment, we found that popu-
lation FEV1 and FVC increased in Denmark, the country that 
implemented a nationwide indoor smoking ban compared with 
Switzerland that did not. FEV1 and FVC were also increased in 
the subpopulation of never-smokers, indicating an improved lung 
function through reduced secondhand smoke exposure. Since 
FEV1 and FVC differences tended to be even larger for ex-smokers 
and current smokers than for never-smokers, our findings suggest 
both a direct impact through smoking cessation and an indirect 
impact through reduced secondhand smoke exposure. The proba-
bility of being an ex-smoker increased and the probability of being 
a current smoker decreased in Denmark in the year of the ban 
implementation and thereafter in women but not in men. This 
is one of the first studies to provide evidence for a positive asso-
ciation between indoor smoking ban and respiratory health in the 
general population using a quasi-experimental approach.

Mechanistically, the improved lung function in ex-smokers 
and current smokers is likely explained in part by the observed 
increased smoking cessation in exposed versus control popula-
tion. However, the subgroup analyses within never-smokers indi-
cate that changes in lung function may not be due to changes in 
smoking behaviour (eg, smoking cessation) but rather due to a 
reduced exposure to secondhand smoke. A positive influence of 
reduced exposure to secondhand smoke likely will affect both 
never-smokers and ever-smokers.

Two systematic reviews have shown that evidence for an asso-
ciation between indoor smoking ban and lung function is scarce 
and inconsistent. In a Cochrane Review from 2016, two out of four 
studies reported improved lung function after an indoor smoking 
ban11 15 29; however, all four studies were based on an uncontrolled 

Figure 4  Age-standardised difference-in-differences estimates for FEV1 and FVC from 2005 to 2010 among never- and ever-smokers and 95% CIs. 
The dotted line represents the reference year: 1 year prior the smoking ban implementation in the exposed group. Analyses were adjusted for age, 
sex, weight, and height and standard errors were clustered at the country level. Abs. diff., absolute difference; FEV1, forced expiratory volume in first 
second; FVC, forced vital capacity.
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cohorts are similar in terms of key characteristics, we cannot fully 
rule out that other important cohort differences, such as comor-
bidities, may have confounded our study results.

The quasi-experimental study design is the major strength of this 
study. The comparison with an appropriate control group provides 
suggestive evidence for a causal relationship between smoking 
ban and lung function changes. The risk that changes in outcomes 
are a result of natural temporal trends or unmeasured events that 
occurred in the same time period is minimised in controlled 
study designs compared with the uncontrolled before-and-after 
study design. The greatest challenge of DID analyses is finding an 
appropriate control group that meets the parallel trend assump-
tion. We show that trends in outcomes were almost parallel in the 
preban period and that our findings were unlikely to be a result 
of unobserved trends. We presented DID estimates at multiple 
time points, which allows the effect to be described up to 3 years 
after the smoking ban implementation. In the sensitivity analyses, 
we showed that other outcomes (ie, height and weight) were 
unaffected by the smoking ban implementation, which supports 
the assumption that changes in lung function were a result of 
the smoking ban. Results from quasi-experiments have higher 
external validity than those from traditional experimental studies 
because the inclusion of participants is less restrictive.18 Therefore, 
we are confident to say that the results of this study likely can be 
generalised to a general population with similar exposure patterns.

In conclusion, we found that nationwide indoor smoking ban 
is associated with less smoking and improved lung function in 
the general population. Implementing an indoor smoking ban 
can improve lung function by influencing smoking behaviour and 
reducing secondhand smoke.
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RESUMO
Objetivos Insuficiência da função pulmonar e sintomas 
respiratórios crónicos depois da tuberculose são relativa-
mente comuns em países de rendimento médio e baixo. 
Procurámos estimar o impacto da pós-tuberculose (pós-
TB) na função pulmonar.
Métodos Este grande estudo transversal populacional 
incluiu sujeitos com 15 ou mais anos de idade com medi-
ções de espirometria pós-broncodilatador tecnicamente 
aceitáveis. A pós-TB foi diagnosticada com base em pro-
vas radiológicas e/ou histórico médico. A obstrução do 
fluxo de ar foi definida como uma relação entre volume 
expiratório forçado pós-broncodilatador em 1 seg/capa-
cidade vital forçada abaixo do limiar mais baixo do resul-
tado normal das equações de função pulmonar da Global 
Lung Function Initiative (GLI). A disfunção das pequenas 
vias respiratórias foi diagnosticada quando dois dos indi-
cadores seguintes se encontravam abaixo de 65% do pre-
visto: fluxo expiratório médio máximo, fluxo expiratório 
forçado (FEF) 50% ou FEF 75%.
Resultados Nesta amostra da população (N=8680, 
média de idade: 40,1 anos), 610 [7,0% (IC 95%, 6,5 a 
7,6)] participantes eram pós-TB. Os sujeitos pós-TB apre-
sentavam sintomas respiratórios mais frequentes (46,8% 
vs 28,3 %). Entre os sujeitos pós-TB, 130 [21,3% (IC 
95%, 18,1 a 24,8)] apresentavam obstrução do fluxo de 
ar; OR da obstrução do fluxo de ar estava significativa-
mente associada ao pós-TB depois do ajuste para fatores 
de confusão (OR 1,31, IC 95%, 1,05 a 1,62). A pós-TB 
também estava associada a uma disfunção das vias res-
piratórias pequenas (OR 1,28, IC 95%, 1,07 a 1,53), que 
estava presente em 297 [48,9% (IC 95%, 33,9 a 53,0)] 
sujeitos pós-TB.
Conclusões As nossas conclusões apoiam o conheci-
mento já existente de que o pós-TB está positivamente 
associado a insuficiência da função pulmonar e propor-
cionam sintomas respiratórios frequentes. O pós-TB deve 
ser considerado uma causa potencialmente importante na 
obstrução das vias respiratórias e nos sintomas respirató-
rios em pacientes originários de países com uma elevada 
carga de tuberculose.

INTRODUCTION 
Tuberculosis (TB) is a major global health 
problem especially in low-income and middle-
income countries; it is among the top 10 causes of 
death and the leading cause from a single infec-
tious agent. An estimated 10.0 million people 
developed TB worldwide, leading to an estimated 
1.3 million TB deaths among HIV-negative 
people in 2020.1 China is the third contributor to 
this worldwide epidemic and accounts for 8.4% of 
all cases, after India (26%) and Indonesia (8.5%).2 
While treatment is available and efficient in non-
multidrug-resistant/extensively drug-resistant 
(MDR/XDR) cases, microbiological cure may not 
prevent long-term pulmonary complications of 
TB.

While smoking remains the key risk factor for 
chronic obstructive pulmonary disease (COPD), a 
considerable burden of the disease in low-income 
and middle-income countries cannot be explained 
by smoking alone. TB and other non-smoking risk 
factors of COPD such as domestic pollution are of 
increasing importance.3–6 An association between 
past TB and airflow obstruction, characteristic 
of COPD, has been reported in large population-
based epidemiological studies.7–10 However, most 
of these studies included subjects above 40 years 
of age and are limited to low TB burden regions. 
There is also some evidence that pulmonary TB is 
related to persistent symptoms and has a substan-
tial adverse impact on quality of life. A high 
burden of self-reported symptoms after TB treat-
ment completion has been reported.11–13 Better 
understanding and addressing of airflow obstruc-
tion and respiratory symptoms after TB is needed: 
this is most relevant in low-resource, high-burden 
settings, where healthcare resources and diagnostic 
modalities are limited.

In this study, we aimed to describe the general 
characteristics, pulmonary function parameters 
and chronic respiratory symptoms of people with 
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Key messages

What is already known on this 
topic

u Several publications have reported the 
prevalence of post-tuberculosis (post-TB) 
sequelae, but the definition of post-TB 
and studied population are inconsistent. 
We wished estimate the prevalence of 
post-TB in low-income areas in China 
and identify the impact of post-TB on 
pulmonary function.

What this study adds
uOur findings confirmed that post-TB is 

highly prevalent, is positively associated 
with airflow obstruction and associated 
with a high frequency of respiratory symp-
toms.

How this study might affect 
research, practice or policy

uBetter understanding and addressing air-
flow obstruction and respiratory symptoms 
after TB is needed; this is most relevant in 
low-resource, high-burden settings, where 
healthcare resources and diagnostics means 
are limited.
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post-TB. We also quantified the association between post-TB 
status and chronic respiratory symptoms and further characteri-
sed the relationship between post-TB and pulmonary function 
impairment.

METHODS
Study design and participants
The present study, conducted in Tibet and Xinjiang Uygur Autono- 
mous Regions, analysed pulmonary health in long-term residents 
of these areas aged 15 years or older, details of which have been 
reported elsewhere.14 A multistage stratified sampling procedure 
was used to select subjects from 13 local regions between June 
2015 and August 2016. The proportion of samples from each 
gender and age group was based on the 2010 census of the Chinese 
population. A standardised questionnaire covering sociodemo-
graphic status, living conditions, respiratory symptoms, history of 
respiratory diseases and comorbidities, environmental and occu-
pational factors was administered by experienced interviewers at 
local community health centres. Furthermore, a range of physi-
cal measurements were undertaken using a standard protocol, 
including anthropometry, blood pressure, oxygen saturation 
by pulse oximetry (SpO2) and lung function. A posterior–ante-
rior chest radiograph was obtained during deep inspiration in a 
standing position using a radiography unit.

Procedures
Pulmonary function tests were measured by trained technicians 
in all qualified study participants (spirometry) with a Master-
ScreenTM Pneumo PC spirometer (CareFusion, Yorba Linda, 
California) according to the American Thoracic Society/Euro-
pean Respiratory Society (ATS/ERS) recommendations by trained 
technicians.15 The spirometer was calibrated daily using a 3-litre 
syringe to ensure measured volumes within 3% of syringe volume, 
before data collection; ambient temperature, humidity and altitude 
were also recorded daily. Each participant underwent the same 
procedure two times, before and after receiving a bronchodilator 
(BD) (400 ug of salbutamol through a 500 mL spacer). The forced 
expiratory manoeuvres were performed 3–8 times until the forced 
vital capacity (FVC) and forced expiratory volume in 1 s (FEV1) 
were reproducible within 150 mL.16 Acceptability of FVC and 
FEV1 was scored using an A to F grading system. Performing three 
acceptable manoeuvres with an FVC variability of 100 mL or less 
was rated ‘A’, a variability of 100–150 mL was rated ‘B’; variability 
between 150 and 200 mL was scored ‘C’. A, B or C grades were 
considered acceptable for analysis. Data were uploaded daily to a 
database, examined for incoherent data by the study supervisors 
and by the principal investigator. Quality control, based on the 
American Thoracic Society/European Respiratory Society criteria, 
was performed by a field supervisor at the filing centre, and 
included analysis of flow volume curves for artefacts and appro-
priate technique. Airflow obstruction was defined as a post-BD 
FEV1/FVC ratio below the lower limit of normal (LLN) for height, 
age and sex, based on the reference values from the Global Lung 
Function Initiative (GLI) lung function equations for a North East 
Asian population.17 A post-BD FEV1/FVC ratio of <0.70 was also 
used to define airflow obstruction in a sensitivity analysis based on 
Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
guidelines.18 Spirometric restriction was defined as a post-BD FVC 
ratio below the LLN for the height, age and sex based on the same 
reference population with a normal FEV1/FVC ratio. We used three 
indicators of lung function to assess small airway dysfunction, 
namely, maximal mid-expiratory flow (MMEF), forced expira- 
tory flow (FEF) at 50% of vital capacity and FEF at 75% of vital 
capacity. Small airway dysfunction was diagnosed when at least 
two of these three indicators were below 65% of predicted values.19

Post-TB was defined as having highly suggestive images of 
pulmonary TB sequalae on chest radiographs and/or a positive 
medical history of TB.7–9 The diagnosis of post-TB lesions was 
considered in the presence of discrete linear or reticular fibrotic 
scars or dense nodules with distinct margins, with or without calci-
fications, within the upper lobes.20 The radiographs were reviewed 

by two experienced radiologists who were blinded to the details of 
the participants, using standard criteria for reporting radiologic 
abnormalities.21 Discordant findings were resolved by discussion 
and consensus. A medical history of tuberculosis was defined as a 
positive answer to the question ‘Has a doctor or other healthcare 
provider ever told you that you had tuberculosis?’.

Definitions of ever smoker, never smoker, household air 
pollution (HAP), occupational exposure have been previously 
reported.14 Self-reported history of physician-diagnosed hyper-
tension, chronic cardiovascular disease of any cause, diabetes 
mellitus, dyslipidaemia and asthma was also obtained. We defined 
the chronic respiratory symptoms by their persistence for at least 3 
consecutive months during a year based on questionnaires.

Statistical analysis
All analyses were performed with R statistical programme V.4.0.3 
(www.r-project. org/). The analyses included a description of the 
sample, evaluation of mean spirometric results, calculation of the 
prevalence of airflow obstruction and small airway dysfunction 
according to history of post-TB. Statistical significance of differ-
ences was tested by analysis of variance (ANOVA) or Student’s t 
test for continuous variables and by χ2 test for categorical vari-
ables. Logistic regression models were built to quantify the rela-
tionship between post-TB and airflow obstruction. Potential 
confounders considered were: age, sex, region, educational level, 
smoking history and pack-years, HAP, occupational exposure and 
history of asthma. ORs with 95% CIs were determined for three 
models. Differences with two-sided p<0.05 were considered statis-
tically significant.

RESULTS
Of the 12 991 subjects invited to participate, 11 747 completed the 
survey questionnaire and performed chest X-rays. Among them, 
2503 participants were excluded from this analysis because they 
could not complete post-BD testing. After excluding 564 partici-
pants without reliable spirometric data, the final study sample 
included 8680 participants (4407 (50.8%) women, 4273 (49.2%) 
men), with an overall mean age of 40.1 (SD 15.3) years (online 
supplemental figure E1).

Among the 8680 participants, 610 (7.0%) had evidence of 
post-TB (table  1). Number of post-TB subjects, as defined by 
evidence of post-TB on chest radiographs only, was 463 (5.3% 
(95% CI 4.9% to 5.8%)), while that based on self-reported history of 
TB only was 98 (1.1% (95% CI 0.9% to 1.4%)). There were 49 (0.6% 
(95% CI 0.4 to 0.7%)) subjects for whom there was both evidence 
of post-TB on chest radiographs and a history of TB. Post-TB 
individuals were more likely to be men, older, ever smokers, city 
dwellers and have a lower educational level. They reported more 
comorbidities and had lower oxygen saturation (SpO2). They 
had a higher frequency of chronic cough, sputum, recurrent 
wheezing and dyspnoea in daily life when compared with those 
without ‘post-TB’. Also, they reported a higher rate of at least one 
of the listed respiratory symptoms (46.8% vs 28.3%). Spirometric 
indices: when compared with subjects without ‘post-TB’, post-TB 
participants had lower post-BD values for FEV1/FVC% (mean 
(SD): 78.4 (12.2) vs 82.4 (10.7), p<0.001), FVC (3.57 (1.02) vs 3.73 
(0.96), p<0.001) and FEV1 (2.80 (0.91) vs 3.07 (0.85), p<0.001) and 
lower MMEF, FEF50 and FEF75 values as % of predicted. Older age, 
being a city dweller, having a history of asthma and suffering from 
airflow obstruction significantly increased probability of having a 
post-TB status, while higher educational level was related with a 
lower risk (figure 1).

Overall prevalence of airflow obstruction in post-TB subjects 
(21.3% (95% CI 18.1% to 24.8%) was significantly higher than in 
‘non-post-TB’ subjects (15.2% (95% CI 14.5% to 16.0%)). This was 
also the case for small airway dysfunction (48.9% (297 of 607) vs 
37.5% (2993 of 7987)). Standardised prevalence of these conditions 
increased steadily with age (p<0.001 for airflow obstruction and 
small airway dysfunction) (figure 2). Using the GOLD threshold 
of a fixed FEV1/FVC ratio <0.7, prevalence of airflow obstruction 
in post-TB subjects (all: 19.3% (95% CI 16.2 to 22.4); men: 22.3% 
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(95% CI 17.8 to 26.8); women: 16.0% (95% CI 11.7 to 20.3)) was 
also significantly higher than in ‘non-post-TB’ participants (all: 
10.9% (95% CI 10.2 to 11.6); men: 12.2% (95% CI 11.2 to 13.2); 
women: 9.6% (95% CI 8.7 to 10.5)) (figure 3).

Table  2 presents the characteristics and spirometric results of 
participants according to post-TB and airflow obstruction status. 
Subjects with airflow obstruction and a history of post-TB had 
lower post-BD spirometric values, a higher proportion of GOLD 
III-IV stages (online supplemental figure E2), more respiratory 
symptoms, a more frequent history of asthma, a lower SpO2 and 
a higher percentage of subjects with a chronic obstructive pulmo-
nary disease assessment test (CAT) score  ≥10 compared with 
‘non-post-TB’ participants. Importantly, post-TB subjects without 
airflow obstruction actually reported more respiratory symptoms 
(46.0% vs 29.5%, p<0.001) and had a lower SpO2 (91.0% (0.2) vs 
94.4% (0.1), p<0.001) and a lower FVC (absolute value and % 
predicted) than ‘non-post-TB’ subjects with airflow obstruction.

Subjects with a restrictive pattern: online supplemental table E1 
shows the demographic characteristics of participants according 

to their lung function (presence of a restrictive pattern vs normal) 
and post-TB status. Post-TB participants with normal spirom-
etry had nearly two times as much respiratory symptoms as those 
without a history of post-TB and had lower pre-BD and post-BD 
(% predicted) FEV1/FVC% and MMEF. Post-TB subjects with a 
restrictive pattern had more respiratory symptoms, lower SpO2 and 
more severe lung function indices. Prevalence of airflow obstruc-
tion, restrictive pattern and small airway dysfunction according to 
post-TB status is shown in online supplemental figure E3.

When compared with ‘non-post-TB’ participants, having a 
post-TB status was associated with an OR (95% CI) of 1.31 (1.05 
to 1.62) for airflow obstruction and of 1.28 (1.07 to 1.53) for small 
airway dysfunction after adjusting for gender, age, region, educa-
tion, smoking status, exposure to HAP, occupation and history 
of asthma. In a subgroup analysis, being a post-TB never smoker 
was independently associated with airflow obstruction (1.37 
(1.04 to 1.78], p=0.023) and (1.47 (1.18 to 1.83), p<0.001) small 
airway dysfunction after adjusting for above-mentioned variables 
(table 3). The effect sizes for potential confounders are provided in 
online supplemental tables E2 and E3. Post-TB was significantly 
associated with respiratory symptoms after adjusting for gender, 
age, region and education, smoking status, exposure to HAP and 
occupation (online supplemental table E4).

DISCUSSION 
To the best of our knowledge, this is the first study with a rigorous 
sampling design to estimate the burden of post-TB and assess 
the association with chronic airflow obstruction and respiratory 
symptoms in China. Our findings suggest that socioeconomic 
status, respiratory symptoms, comorbidities and lung function 
parameters were worse in participants who had post-TB compared 
with ‘non post-TB’ participants, and even worse in those with 
post-TB and airflow obstruction. Our data show that 7.0% of 
residents had post-TB: in this group, 21.3% had airflow obstruc-
tion and 48.9% small airway dysfunction. Post-TB was associated 
with an increased odds of airflow obstruction and small airway 
dysfunction after adjustment for confounding factors. The magni-
tude of the OR between TB and airflow obstruction was much 
higher among never smokers, which suggests that post-TB may 
be a major risk factor per se especially among never smokers. 
We also filled in the age gap by providing data for subjects aged 
below 40 years old, since most previous reports of an association 
between airflow obstruction and post-TB included subjects aged 
over 40.6 8–10

Prior publications have reported the prevalence of post-TB 
sequelae, but the related burden remains undetermined.8–10 22 23 The 
reasons may be inconsistency in definition, heterogeneity of popu-
lations studied and a lack of adequate control for confounders. 
The findings from our study indicate that the burden of post-TB 
among residents aged over 15 years is substantial. In our study, the 
proportion of chronic respiratory symptoms in post-TB cases was 
nearly two times that of non-affected individuals: this can have a 

Table 1  Characteristics of participants according to history of post-
TB

Variables Post-TB (n=610)
Non post-TB 
(n=8070) P value

Male 328 (53.8%) 3945 (48.9%) 0.022

Age, years 49.31 (15.21) 39.49 (15.17) <0.001

City dweller 256 (42.1%) 2580 (32.1%) <0.001

Education level

 � Primary school and lower 362 (59.4%) 3512 (43.5%) <0.001

 � Middle and high school 180 (29.5%) 3225 (40.0%)

 � College and higher 68 (11.1%) 1333 (16.5%)

Smoking status

 � Never smoker 405 (66.4%) 5866 (72.7%) <0.001

 � Ever smoker 205 (33.6%) 2201 (27.3%)

Comorbidities

 � Hypertension 97 (16.3%) 636 (8.0%) <0.001

 � Chronic cardiovascular disease 11 (1.8%) 66 (0.8%) 0.022

 � Diabetes mellitus 14 (2.7%) 128 (2.1%) 0.303

 � Dyslipidaemia 70 (13.4%) 478 (7.9%) <0.001

 � History of asthma 32 (5.3%) 118 (1.5%) <0.001

Respiratory symptoms

 � Frequent cough 109 (18.0%) 757 (9.5%) <0.001

 � Sputum 110 (18.2%) 750 (9.4%) <0.001

 � Recurrent wheezing 54 (8.9%) 310 (3.9%) <0.001

 � Dyspnoea in daily life 198 (32.7%) 1570 (19.6%) <0.001

 � At least one of the symptoms 284 (46.8%) 2259 (28.3%) <0.001

Lung function parameters

 � FVC post-BD, L 3.57 (1.02) 3.73 (0.96) <0.001

 � FVC post-BD % pred 106.20 (25.55) 104.19 (22.33) 0.060

 � FEV1 post-BD, L 2.80 (0.91) 3.07 (0.85) <0.001

 � FEV1 post-BD % pred 100.55 (28.49) 101.47 (23.60) 0.437

 � FEV1/FVC post-BD, % 78.40 (12.18) 82.38 (10.72) <0.001

 � MMEF post-BD % pred 68.95 (35.07) 78.90 (57.69) <0.001

 � FEF50% post-BD % pred 83.52 (36.17) 88.48 (31.06) 0.001

 � FEF75% post-BD % pred 85.01 (58.02) 92.33 (47.12) 0.003

Oxyhemoglobin saturation 
(SpO2), %

91.39 (6.39) 93.45 (5.25) <0.0001

Data are expressed as number (%) or mean (SD).
FEF, forced expiratory flow; FEV1, forced expiratory volume in the first second; 
FVC, forced vital capacity; MMEF, maximum mid-expiratory flow; post-BD, post-
bronchodilator.

Figure 1  Forest plot showing OR for post-TB participants. Each square 
represents an OR. The horizontal lines indicate 95% CIs. BMI, body mass 
index; TB, tuberculosis.
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old, incorporated no post-BD testing, used different definitions 
of post-TB. In the present study with a rigorous sampling design 
and strictly quality control, we found a nearly 1.31 time increase 
in risk of airflow obstruction in post-TB subjects after adjusting 
for confounders, and a stronger association in never smokers 
(OR: 1.37; 95% CI 1.04 to 1.78). Besides, airflow obstruction was 
present in 21.3% of post-TB cases, which are consistent with a 
recent meta-analysis reporting a pooled prevalence of COPD in 
patients with post pulmonary TB of 21% (95% CI: 16% to 25%)5 
and another study from low- income and middle- income coun-
tries reporting COPD was more common (25.7%) among those 
with previous tuberculosis than those without a history of tuber-
culosis.6 Therefore, for vast majority of patients after TB, the devel-
opment of adjuvant interventions to prevent or to suspend further 
deterioration of lung function in individuals with post-TB could 
be an essential tool.

Small airway dysfunction is characterised by premature airway 
closure and air trapping, regional heterogeneity and exaggerated 
volume dependence of airflow limitation. A study emphasised that 
small airway dysfunction preceded both the spirometric evidence 
of COPD and detection of emphysema by CT and considered as a 
precursor of COPD and asthma.31 The mechanisms are potential 
involvement of vasculature within the bronchovascular bundle in 
and around small airways after TB.32 Health professionals should 
possibly play a more active role in the detection of small airway 
dysfunction after pulmonary TB. We still found that post-TB 
subjects with a spirometric restrictive pattern had frequent 
sputum, recurrent wheezing, lower oxygen saturation and severe 
pulmonary lung function indices. It is proposed that a chronic 
inflammatory response and long-term anatomic alterations 
induced by pulmonary tuberculosis are the main pathological 
basis for airflow obstruction and restriction pattern.33–35 Chronic 

negative impact on quality of life. Subjects with Post-TB also had 
more chronic comorbidities. Also, all lung parameters were signifi-
cantly decreased in Post-TB subjects, even when a BD was used. 
We confirm that up to half of Post-TB people suffer from chronic 
and clinically relevant pulmonary function impairment and, in 
a majority of patients with airflow obstruction, obstruction was 
moderate to severe.24–27 In most cases, pulmonary function impair-
ment remains undiagnosed and untreated, possibly resulting in an 
increased mortality compared with the standard population.28 29 
Currently, there is much to do regarding the long-term medical 
and socioeconomic consequences of chronic lung function abnor-
malities after post-TB.30

There were also few studies reported post-TB was associ-
ated with a higher risk of airflow obstruction. The study from 13 
geographically diverse, low-resource settings recruiting partici-
pants reported the adjusted odds of 3.78 times higher among those 
with previous tuberculosis disease than those without a history of 
tuberculosis disease.6 Data from Korea National Health and Nutri-
tion Examination Survey reported that airflow obstruction was 
associated with both a history and TB lesions on chest X-ray (OR 
4.47, 95% CI 3.07 to 6.51) after adjustment for some confounders.7 
The finding from Burden of Obstructive Lung Disease (BOLD) 
results showed that a self-reported history of tuberculosis was 
associated with airflow obstruction (adjusted OR 2.51, 95% CI 1.83 
to 3.42).8 A cross-sectional analysis of the Guangzhou Biobank 
Cohort Study reported prior TB remained independently associ-
ated with an increased risk of airflow obstruction (OR: 1.37; 95% CI 
1.13 to 1.67).9 TheLatin American Project for the Investigation of 
Obstructive Lung Disease (PLATINO) study found participants 
with a medical history of tuberculosis were 2.3 times more likely to 
present airflow obstruction than those without such a diagnosis.10 
However, these studies included participants aged over 35 years 

Figure 2  Standardised prevalence of airflow obstruction and small airway dysfunction in subjects based on history of post-TB. (A) Standardised 
prevalence of airflow obstruction. (B) Standardised prevalence of small airway dysfunction. Dots represent mean prevalence and error bars represent 
95% CI. TB, tuberculosis.

Figure 3  Prevalence of airflow obstruction based on two different diagnostic criteria for airway obstruction (GOLD and LLN) according to history of 
post-TB. Bars represent mean prevalence and error bars represent 95% CI. TB, tuberculosis.
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residual or recurrent inflammation-induced narrowing of airways, 
peribronchial fibrosis, extensive fibrosis and stiffening of the lung 
parenchyma after tuberculosis contribute to the functional find-
ings reported.36 37 Indeed, there was an increased odds for small 
airway dysfunction in post-TB subjects studied.

Our study has important public health implications. Improving 
detection and treatment of TB should be implemented in China, 
particularly in areas with poor economic and health conditions. 
The objectives are not only effectively controlling of TB per se but 
also decreasing its long-term impacts on lung function, respiratory 
symptoms and quality of life through professional management, 
early pulmonary function and chest imaging. The importance 
of the interrelationship between post-TB and chronic airflow 
obstruction has been clearly illustrated in our study, especially 
among never smokers. Further studies are required to better deter-
mine the role of inhaled or even systemic steroids in patients with 
TB in whom airway obstruction is detected.

There are some limitations to our study. First, the cross-sectional 
design of this study cannot formally establish the temporal 
sequence and causal relationship between post-TB and airflow 
obstruction. Longitudinal studies are needed in order to determine 

for how long and how often lung function impairment persists 
after TB. Second, ATS/ERS recommendations define the presence 
of a restrictive pulmonary disorder as having a total lung capacity 
(TLC) below the fifth percentile of predicted value. However, 
performing plethysmography or helium dilution measurements in 
a large study population such as ours is unrealistic. Using FVC as 
a surrogate for TLC is most often accepted in studies on restric-
tive pulmonary disorders. Third, the FEF50% predicted value was 
automatically reported from our spirometer and derived from the 
European Community for Steel and Coal report in 1993.38 The 
equation is more appropriate for adults aged 18–70 years, so there 
may be a bias for older or younger people. Fourth, bronchiectasis 
has been shown to be associated with a history of TB and may be 
associated with small airway dysfunction.39 However, chest CT was 
rarely available because of our resource-limited setting. Further-
more, a history of bronchiectasis was self-reported by only 14 
participants precluding any further analysis. Finally, it is important 
to note that our findings relate to post-TB defined by self-reported 
history and radiological changes on chest radiographs. The extent 
of TB lesions on chest radiographs could not be evaluated due to 
limited availability of CT scans, and the definition of radiologic 

Table 2  Characteristics of participants according to AO and post-TB status

Variables P-TB (+)/AO (+) (n=130) P-TB (−)/AO (+) (n=1230) P-TB (+)/AO (−) (n=480) P-TB (−)/AO (−) (n=6840) P value* P value†

Male 75 (57.7%) 627 (51.0%) 253 (52.7%) 3318 (48.5%) 0.519 0.075

Age group, years 53.90 (14.66) 42.34 (16.74) 48.07 (15.13) 38.98 (14.81) <0.001 <0.001

City dwellers 53 (40.8%) 280 (22.8%) 203 (42.5%) 2300 (33.8%) <0.001 <0.001

Education level

 � Primary school and lower 93 (71.5%) 576 (46.8%) 269 (56.0%) 2936 (42.9%) <0.001 <0.001

 � Middle and high school 30 (23.1%) 517 (42.0%) 150 (31.3%) 2708 (39.6%)

 � College and higher 7 (5.4%) 137 (11.2%) 61 (12.7%) 1196 (17.5%)

Smoking status

 � Never smoker 85 (65.4%) 857 (69.7%) 320 (66.7%) 5009 (73.3%) 0.595 0.002

 � Ever smoker 45 (34.6%) 373 (30.3%) 160 (33.3%) 1828 (26.7%)

History of asthma 16 (12.3%) 28 (2.3%) 16 (3.3%) 90 (1.3%) 0.428 0.005

Respiratory symptoms

 � Frequent cough 30 (23.3%) 131 (10.7%) 79 (16.5%) 626 (9.3%) 0.001 <0.001

 � Sputum 31 (24.0%) 125 (10.2%) 79 (16.6%) 625 (9.2%) <0.001 <0.001

 � Recurrent wheezing 18 (14.0%) 65 (5.3%) 36 (7.5%) 245 (3.6%) 0.079 <0.001

 � Dyspnoea in daily life 48 (37.2%) 257 (20.9%) 150 (31.4%) 1313 (19.4%) <0.001 <0.001

 � At least one of the symptoms 64 (49.6%) 362 (29.5%) 220 (46.0%) 1897 (28.1%) <0.001 <0.001

 � CAT score‡

  �  <10 22 (17.1%) 322 (26.3%)

  �  ≥10 107 (82.9%) 904 (73.7%)

Lung function parameters

 � FVC post-BD, L 3.53 (1.11) 3.85 (1.02) 3.58 (0.99) 3.71 (0.94) <0.001 0.004

 � FVC post-BD % pred 106.52 (28.16) 108.47 (24.20) 106.11 (24.83) 103.42 (21.89) 0.052 0.012

 � FEV1 post-BD, L 2.17 (0.85) 2.48 (0.79) 2.98 (0.85) 3.17 (0.82) <0.001 <0.001

 � FEV1 post-BD % pred 79.41 (26.39) 83.14 (21.53) 106.28 (26.27) 104.77 (22.42) <0.001 0.157

 � FEV1/FVC post-BD, % 60.60 (10.44) 64.15 (9.99) 83.22 (7.08) 85.66 (6.86) <0.001 <0.001

 � MMEF post-BD % pred 34.59 (17.63) 45.21 (73.41) 77.95 (32.87) 84.60 (52.50) <0.001 0.013

 � FEF50% post-BD % pred 40.74 (18.44) 47.01 (17.64) 94.84 (30.86) 95.53 (27.09) <0.001 0.587

 � FEF75% post-BD % pred 41.87 (34.86) 48.82 (25.95) 96.58 (57.56) 99.72 (45.9) <0.001 0.147

SpO2, % 92.24 (6.60) 94.58 (4.68) 91.17 (6.32) 93.25 (5.31) <0.001 <0.001

Data are expressed as number (%) or mean (SD).
*P value difference between post-TB without airflow obstruction and airflow obstruction without post-TB.
†P value difference between normal population and post-TB without airflow obstruction.
‡CAT score difference for p<0.001.
AO, airflow obstruction; CAT, chronic obstruction pulmonary disease assessment test; FEF, forced expiratory flow; FEV1, forced expiratory volume in the first second; FVC, forced 
vital capacity; MMEF, maximum mid-expiratory flow; post-BD, post-bronchodilator; P-TB, post-tuberculosis; P-TB(−)/AO(+), airflow obstruction without post-TB; P-TB(−)/
AO(−), normal population without airflow obstruction and post-TB; P-TB(+)/AO(−), post-TB without airflow obstruction; P-TB(+)/AO(+), airflow obstruction with post-TB; SpO2, 
oxyhemoglobin saturation.
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evidence may lack sensitivity and underestimate post-TB status. 
However, in a TB-prevalent region, presence of fibrotic scars or 
calcified nodules in the upper lobes is usually secondary to healed 
TB and is, thus, considered as specific.

In conclusion, post-TB status was associated with pulmonary 
function impairment, including airflow obstruction and small 
airway dysfunction, as well as with chronic respiratory symptoms. 
We also found that association between post-TB and pulmonary 
impairment was stronger among never smokers. Strategies must 
be developed in terms of research, prevention, earlier detection of 
functional impairment and management of post-TB patients as a 
way of preventing chronic pulmonary sequelae and disability.
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Table 3   Adjusted associations for airflow obstruction according to 
history of post-TB in participants aged ≥15 years

Non-post-TB Post-TB P value

Overall subjects

Airflow obstruction 1230 130

 � Crude OR (95% CI) 1.00 (ref) 1.50 (1.22 to 1.83) <0.001

 � Adjusted OR (95% CI)* 1.00 (ref) 1.31 (1.05 to 1.62) 0.013

Restrictive pattern 1374 99

 � Crude OR (95% CI) 1.00 (ref) 0.94 (0.75 to 1.17) 0.613

 � Adjusted OR (95% CI)* 1.00 (ref) 1.02 (0.80 to 1.28) 0.865

Small airway dysfunction† 2993 297

 � Crude OR (95% CI) 1.00 (ref) 1.59 (1.35 to 1.88) <0.001

 � Adjusted OR (95% CI)* 1.00 (ref) 1.28 (1.07 to 1.53) 0.006

Never smokers

Airflow obstruction 857 85

 � Crude OR (95% CI) 1.00 (ref) 1.55 (1.20 to 1.98) <0.001

 � Adjusted OR (95% CI)‡ 1.00 (ref) 1.37 (1.04 to 1.78) 0.023

Restrictive pattern 1005 65

 � Crude OR (95% CI) 1.00 (ref) 0.92 (0.69 to 1.20) 0.575

 � Adjusted OR (95% CI)‡ 1.00 (ref) 0.98 (0.73 to 1.30) 0.904

Small airway dysfunction 2143 205

 � Crude OR (95% CI) 1.00 (ref) 1.78 (1.45 to 2.18) <0.001

 � Adjusted OR (95% CI)‡ 1.00 (ref) 1.47 (1.18 to 1.83) 0.001

*Adjusted OR: adjustments for age, sex, region and education plus history of 
asthma, and exposure to HAP and occupation and smoking status.
†Adjusted OR: adjusted OR except for smoking status.
‡Assessed in small airway dysfunction with data missing for 86 participants.
HAP, household air pollution; TB, tuberculosis.
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RESUMO
Contexto A esperança média de vida das pessoas com 
fibrose quística (FQ) varia consideravelmente tanto dentro 
como entre países. O objetivo deste estudo foi comparar 
a sobrevivência entre países com sistemas de cuidados 
de saúde de pagador único, tendo simultaneamente em 
conta os marcadores de gravidade da doença.
Métodos Este estudo de coorte utilizou dados de regis-
tos nacionais de FQ reputados na Austrália, Canadá, 
França e Nova Zelândia, entre 2015 e 2019. A idade 
média de sobrevivência para cada um destes quatro paí-
ses foi estimada com recurso ao método Kaplan-Meier. 
Para comparar o risco de morte entre o Canadá, França e 
Austrália depois de ajustado aos fatores de prognóstico 
foi utilizado o modelo de riscos proporcionais de Cox. 
Devido ao baixo número de mortes, a Nova Zelândia não 
foi incluída nos modelos ajustados finais.
Resultados Entre 2015 e 2019, foram incluídas ao todo 
14 842 pessoas (3537 da Austrália, 4434 do Canadá, 
6411 de França e 460 da Nova Zelândia). A idade média 
de sobrevivência era mais elevada em França 65,9 anos 
(IC 95%, 59,8 a 76,0) vs 53,3 anos (IC 95%, 48,9 a 
59,8) na Austrália, 55,4 anos (IC 95%, 51,3 a 59,2) no 
Canadá, 54,8 anos (IC 95%, 40,7 a não disponível) na 
Nova Zelândia. Depois de ajustado a fatores de nível 
individual, o risco de morte foi significativamente mais 
elevado no Canadá (HR 1,85, 95% CI: 1,48 a 2,32; 
p<0,001) e Austrália (HR 2,08, IC 95%, 1,64  a 2,64; 
p<0,001) vs França.
Interpretação Observámos uma sobrevivência signi-
ficativamente mais elevada em França quando compa-
rada com países com sistemas de saúde de pagador 
único. A idade média de sobrevivência em França 
excedia os 60 anos de idade apesar de ter a maior 
proporção de pacientes demasiado magros, o que se 
poderá dever a diferenças na disponibilidade de um 
transplante.

INTRODUCTION 
Between country comparisons of morbidity and 
mortality can be useful to inform policies at a 
national level. Prior research has shown large 
differences in prognosis for those living with cystic 
fibrosis (CF) when comparing high-income coun-
tries with low/middle-income countries as well 
as comparisons between high-income nations.1–3 
Although many countries with established 
CF registries produce annual registry reports, 
direct comparisons are often inappropriate or 
not possible due to variation in definitions or 
differing categorisation of key metrics used to 
monitor health. Even with outcomes that have an 
unequivocal definition, such as mortality, direct 
comparisons can be challenging due to variations 
in data processing, missing death data or a lack of 
clarity around those included or excluded from the 
survival analyses.4 Furthermore, when comparing 
survival metrics, many national registry reports 

lack median age of survival estimates making 
survival comparisons impossible.5

International comparisons of CF popula-
tions can ultimately change practice—a survival 
comparison between Toronto and Boston discove-
red a higher age of survival in Toronto and led to 
the recommendation of the high fat diet in the 
1980s6. More recently, Stephenson et al confirmed 
a 10-year survival advantage for Canadians living 
with CF compared with similar people in the 
USA after accounting for prognostic factors.3 The 
same group found that transplantation and post-
transplant survival explained 30% of the survival 
gap between the countries highlighting a poten-
tially modifiable factor that could boost survival for 
individuals living with CF in the USA.7 Transplan-
tation, however, does not fully explain the Canada–
USA survival gap and another distinct difference 
between the countries relates to the model of 
healthcare delivery as Canadians have access to a 
universal, single-payer healthcare system whereas 
Americans use a multipayer healthcare scheme 
which could limit access to medical care depending 
on insurance coverage and financial ability. The 
Canada–USA survival study found that individuals 
in the USA with no insurance or on medicare/
medicaid were more likely to die than people in the 
USA with private insurance. Furthermore, there 
was no statistically significant difference in risk of 
death between those with private insurance in the 
USA and Canadians.3 Comparing health metrics 
between countries with similar healthcare models 
could minimise this as a contributing factor.
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Key messages

What is already know on this topic
uInternational comparisons have the poten-

tial to yield important results, as distinct 
differences, as well as similarities, in cys-
tic fibrosis care delivery exist in different 
countries.

What this study adds
uAfter accounting for the variation in 

patient characteristics, cystic fibrosis sur-
vival was the highest in France compared 
with Canada, Australia and New Zealand.

How this study might affect rese-
arch, practice or policy

uDisparities in outcomes between countries 
could be explained by modifiable factors 
such as access to transplant.
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The main objective of our study was to directly compare demo-
graphic and clinical characteristics as well as survival outcomes in 
a contemporary cohort of individuals living with CF in countries 
with single-payer healthcare systems namely, Australia, Canada, 
France and New Zealand (NZ). We hypothesise that there will 
be no statistically significant difference in survival between the 
countries.

METHODS
Design
This population-based cohort study used four established, national 
longitudinal CF registries: Australian CF registry (ACFDR), Cana-
dian CF registry (CCFR), French CF registry (FCFR) and NZ CF 
registry (NZCFR). Individuals captured in each of the registries 
provide informed consent to have their data collected and used for 
research purposes.

Study period 
A contemporary period between 1 January 2015 and 31 December 
2019 was used.

Data resources 
The ACFDR is managed by Monash University and has been in 
existence since 1998. The registry captures data on more than 
4500 individuals followed in 23 CF centres which is reported to 
be at least 90% of the CF population. The CCFR, managed by 
CF Canada, has been in existence since the early 1970s and is 
estimated to capture 98% of the CF population with a low rate of 
lost-to-follow-up (~5%). The registry currently contains annual 
records on more than 6700 unique individuals with CF who are 
followed in the 42 Canadian CF clinics. The FCFR is managed 
by the Vaincre la Mucoviscidose. Since its inception in 1992, the 
registry has data on more than 9450 individuals followed in 47 
CF centres, capturing at least 95% of the French CF population. 
The NZCFR is managed by CF NZ and follows more than 540 
individuals. Established in 2011, the NZCFR registry captures 
data from 19 NZ clinics. It is reported that about 98% of New 
Zealanders with CF are followed in the NZCFR. Registry data 
undergo routine validation checks to ensure that they are free 
of duplicates and errors.5 Only individuals with a diagnosis of 
CF were included in this analysis while individuals with cystic 
fibrosis transmembrane conductance regulator (CFTR)-related 
disease or cystic fibrosis screen positive, inconclusive diagnosis 
were excluded.

Demographic and clinical data are recorded annually. Demo-
graphic data included date of birth, sex, age at diagnosis, newborn 
screening status (NBS), CFTR variant, pancreatic status and date 

of death. Clinical measurements include lung function, nutritional 
status, sputum bacteriology, number of hospitalisations or home 
intravenous antibiotic therapy, date of transplant as well as organ 
transplanted.

Variable definitions 
Variable definitions and method of data collection in the four 
registries were evaluated by the research team to create a harmo-
nised dataset for analysis. Date of CF diagnosis was imputed using 
date of birth plus 30 days when missing and categorised as age 
at diagnosis as <2 and ≥2 years of age.8 CF genotype was classi-
fied as Phe508del homozygous, Phe508del heterozygous, other or 
missing. Lung function, specifically the forced expiratory volume 
in 1 s (FEV1), was recorded in litres and interpreted as percent 
predicted (ppFEV1) calculated using Global Lung Function Initia-
tive reference equations.9 The best annual ppFEV1 was selected for 
each individual each year. Body mass index (BMI) was calculated 
for adults over 19 years of age as weight (kg)/height2 (m). BMI 
percentiles were calculated for individuals ages 2–19 years of age 
by using the Centre for Disease Control growth charts.10 Annual 
BMI or BMI centiles were calculated using data on the closest date 
within 3 months of the best lung function measurement. Individ-
uals were categorised as underweight (BMI <19 kg/m2 or BMI %ile 
≤12%), adequate weight (BMI between ≥19 kg/m2 and ≤24.9 kg/
m2 or BMI %ile between >12% and <85%) or overweight (BMI 
>24.9 kg/m2 or BMI %ile ≥85%).10 11 Severe pulmonary exacerba-
tions were defined as the administration of intravenous antibiotics 
in the hospital and/or at home and were recorded as the number 
of events per year. Pancreatic insufficiency (PI) was determined by 
pancreatic enzyme use recorded in the registries. The presence of 
Burkholderia cepacia (B. cepacia) complex or Pseudomonas aerugi-
nosa (P. aeruginosa) was considered positive if these bacteria were 
recorded at least once each year12.

Statistical analysis 
Median and IQR were used to summarise continuous variables 
whereas frequency and proportion were used to summarise cate-
gorical variables. A period approach was used to estimate median 
age of survival over a 5-year window from 2015 to 2019. The 
Kaplan-Meier (KM) method was used to calculate the probability 
of survival in each of the four countries. KM survival curves were 
generated for the following subgroups: PI, pancreatic sufficiency 
and those who were homozygous deltaF508. Observations were 
left truncated on 1 January 2015 or the date of diagnosis if the 
diagnosis occurred within the time window. The follow-up period 
ended on 31 December of the last observation recorded or death 
date.

Differences in survival between the countries were further 
explored by adjusting for demographic and clinical characteris-
tics using a multivariable Cox proportional hazards (PH) model. 
In New Zealand, only 21 deaths were recorded, and thus it was 
not possible to include this country in the multivariable analysis. 
The multivariable model, which included both transplanted and 
non-transplanted individuals, was adjusted for time-independent 
characteristics specifically sex, age at diagnosis, NBS, pancreatic 
status, transplant status, baseline ppFEV1 and baseline BMI. 
‘Baseline’ was defined as the last available measurement for 
those who were not transplanted, or before death or the end of 
the follow-up period. For those who were transplanted, baseline 
is defined as before transplant if transplant occurred in 2013 or 
later, otherwise baseline pre-transplant data were imputed using 
multiple imputation for transplanted recipients. Individuals <6 
years of age were excluded as this age group does not reliably 
perform lung function testing. Missing data were imputed using 
multiple imputation with chained equations using the R package 
mice (V.3.7.0). All variables except for post-transplant specific 
variables were included in the imputation model for predicting 
the missing values. Ten imputed datasets were created and the 
results were pooled as outlined in Rubin.13 The PHs assumption 
was checked by testing the independence between the Schoenfeld 

Figure 1  Cohort creation 2015–2019. KM, Kaplan-Meier.
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Table 1  Characteristics of individuals in Canada, France, Australia and New Zealand at the most recent measurement within the study window 
(2015–2019; n=14 842)*

Australia Canada France New Zealand

Total number of individuals 3537 4434 6411 460

Sex

 � Women 1676 (47.4) 2025 (45.7) 3048 (47.5) 209 (45.4)

 � Men 1861 (52.6) 2409 (54.3) 3363 (52.5) 251 (54.6)

Age at diagnosis

 � <2 years old 3010 (85.1) 2809 (63.4) 4477 (69.8) 349 (75.9)

 � ≥2 years old 527 (14.9) 1625 (36.6) 1934 (30.2) 111 (24.1)

%Imputed 533 (15.1%) 79 (1.8%) 205 (3.2%) 14 (3.0%)

Newborn screening 1805 (51.0) 611 (13.8) 2786 (43.5) 218 (47.4)

Genotype

 � Phe508del homozygote 1632 (46.1) 2089 (47.1) 2615 (40.8) 228 (49.6)

 � Phe508del heterozygote 1418 (40.1) 1775 (40.0) 2755 (43) 166 (36.1)

 � Other 258 (7.3) 503 (11.3) 958 (14.9) 48 (10.4)

 � Missing 229 (6.5) 67 (1.5) 83 (1.3) 18 (3.9)

Mutation class

 � Class I–III 2980 (84.3%) 3754 (84.7%) 5390 (84.1%) 392 (85.2%)

 � Class IV–V 291 (8.2%) 534 (12%) 741 (10%) 35 (7.6%)

 � Unclassifiable/missing 266 (7.5%) 146 (3.3%) 321 (5%) 33 (7.2%)

Pancreatic status (ever/never)

 � Insufficient 2770 (78.3) 3690 (83.2) 5749 (89.7%) 368 (80.0)

 � Sufficient 602 (17.0) 744 (16.8) 662 (10.3%) 87 (18.9)

 � Missing 165 (4.7) 0 0 5 (1.1)

Microbiology (ever/never)

 � P. aeruginosa N/A 1793 (40.4) 2652 (41.4) 166 (36.1)

 � B. cepacia complex N/A 352 (7.9) 271 (4.2) 45 (9.8)

Intravenous antibiotic courses/year†

 � 0 1760 (53.3%) 2659 (65.4%) 3246 (56.6%) 237 (52.4%)

 � 1–2 967 (29.3%) 952 (23.4%) 1204 (21%) 123 (27.2%)

 � ≥ 3 572 (17.3%) 450 (11.1%) 1287 (22.4%) 92 (20.4%)

ppFEV1‡ median, IQR 82.9 (57.7–96.5) 75.9 (51.7–93.2) 77.5 (53.5–94.2) 83.4 (59.7–98)

 � <40 325 (9.9%) 546 (13.4%) 782 (13.6%) 49 (10.8%)

 � 40–69 698 (21.2%) 1021 (25.1%) 1413 (24.6%) 94 (20.8%)

 � ≥70 1965 (59.6%) 2054 (50.6%) 3215 (56%) 275 (60.8%)

 � Missing 311 (9.4%) 440 (10.8%) 327 (5.7%) 34 (7.5%)

BMI categories§

 � Underweight 274 (8.3%) 387 (9.5%) 1062 (18.5%) 39 (8.6%)

 � Normal 2074 (62.9%) 2502 (61.6%) 3875 (67.5%) 303 (67%)

 � Overweight 656 (19.9%) 814 (20%) 577 (10.1%) 81 (17.9%)

 � Missing 295 (8.9%) 358 (8.8%) 223 (3.9%) 29 (6.4%)

*Data are presented as n (%), unless indicated otherwise. Clinical variables are summarised based on the latest pre-transplant observation within the study period. There were 
1293 patients who had no pre-transplant FEV1 % predicted, BMI or courses of intravenous antibiotic clinical measurements recorded because they were transplanted before 2015 
and individuals were excluded from the table summary (238 (6.7%) in AUS, 373 (8.4%) in CAN, 674 (10.5%) in FRA and 8 (1.7%) in NZ.
†Intravenous courses includes antibiotic therapy given in hospital and at home.
‡Percent predicted forced expiratory volume in 1 s (ppFEV1) was calculated using the Global Lung Function Initiative reference equation. The best ppFEV1 was chosen for each the 
year.
§Body mass index (BMI for adults) or BMI percentile (for children) closest to the chosen FEV1 was selected. Individuals were categorised as underweight (BMI <19 kg/m2 or BMI 
%ile ≤12%), adequate weight (BMI between ≥19 kg/m2 and ≤24.9 kg/m2 or BMI %ile between >12% and <85%) or overweight (BMI >24.9 kg/m2 or BMI %ile ≥85%).
B. cepacia complex, Burkholderia cepacia complex; AUS, Australia; BMI, body mass index; CAN, Canada; FEV1, forced expiratory volume in 1 s; FRA, France; N/A, not available; 
NZ, New Zealand; P. aeruginosa, Pseudomonas aeruginosa.

residuals and time variable and the assumption of linearity was 
checked by plotting the Martingale residuals. All statistical analy- 
sis was done using the R software (V.3.6.2).14 All p values are 
two-sided and assessed for significance at p<0.05 unless other-
wise stated.

RESULTS
Comparison of study populations between countries
The cohort flow diagram for individuals included in the analysis can 
be seen in figure 1. Demographic and clinical and characteristics of 
each CF population are reported in table 1. Between 2015 and 2019, 
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there were a total of 14 842 subjects included in the analysis: 3537 
individuals with CF included from Australia, 4434 in Canada, 6411 
in France and 460 in New Zealand. The percentage of individuals 
who were diagnosed through newborn screening was the lowest 
in Canada (13.8%) compared with the other countries. France had 
the lowest proportion of individuals who were homozygous for 
Phe508del (42%) and the highest percentage of people with ‘other’ 
mutations (13.9%). The proportion of individuals who were under-
weight was the highest in France (18.5%) compared with the other 
countries whereas the median ppFEV1 was lowest in Canada.

Transplanted patients were included in the study window but 
the transplant itself may have occurred prior to or during the study 
period of 2015–2019. Of the individuals followed in the study 
period, 413 (11.7%) had received a lung transplant in Australia 
compared with 589 (13.3%) in Canada, 1061 (16.5%) in France 
and 31 (6.7%) in New Zealand (table  2). Age at transplant and 
age at death were the lowest in France. The proportion of deaths 
without transplant was higher than the proportion of death post-
transplant for all countries except for France where the opposite 
was observed (table 2).

Survival comparisons 
The KM survival curves for each country and by subgroups are 
shown in figure 2 and online supplemental figure S1. The median 

age of survival was highest in France (65.9 years; 95% CI: 59.8 to 
76.0 years) compared with Australia (53.3 years; 95% CI: 49.7 to 
59.8), Canada (55.4 years; 95% CI: 51.3 to 59.2) and New Zealand 
(54.8 years; 95% CI: 40.7 to NA) (figure 2, table 2).

The Cox proportional modelling analysis excluded New 
Zealand therefore, included a total of 14 382 subjects with 178 
deaths in Australia, 257 deaths in Canada and 241 deaths in 
France. The univariable analysis showed the risk of death was 
higher in Canada (HR 1.35, 95% CI: 1.13 to 1.62; p<0.001) and 
Australia (HR 1.45, 95% CI: 1.2 to 1.76; p<0.001) compared with 
France. After adjusting for sex, age at diagnosis, NBS, pancre-
atic status and lung transplant status, baseline ppFEV1 and BMI 
category, the risk of death was significantly higher in Canada 
(HR 1.79, 95% CI: 1.44 to 2.22; p<0.001) and Australia (HR 2.04, 
95% CI: 1.61 to 2.59; p<0.001) compared with France. There 
was no evidence of a difference in survival between Canada and 
Australia (HR 0.88, 95% CI: 0.68 to 1.13; p=0.27). (online supple-
mental figure S2)

DISCUSSION
Using contemporary CF data, our study identified a survival gap 
between people living in high-income countries with similar 
healthcare systems. France had the highest recorded median 
age of survival of the four countries, surpassing 60 years in the 
contemporary time window between 2015 and 2019. Although 
there were some notable differences in individual characteristics 
between the countries, after adjusting for these factors, the risk 
of death remained higher in Canada and Australia compared 
with France despite the countries having national healthcare 
systems. The exceptional survival in France is despite having the 
highest proportion of underweight individuals which has consis- 
tently been found in the literature to be strong predictor of worse 
outcomes in CF. Furthermore, these data were collected prior to 
the availability of elexacaftor–tezacaftor–ivacaftor which has been 
shown to improve lung function and is predicted to increase future 
survival estimates.15

Through international comparisons, differences in health 
outcomes raise questions about the reasons for such disparities. It is 
unlikely that a single factor can explain why one country has better 
survival than another country. Although universal, government-
funded healthcare allows broad access to medical care, this does 
not necessarily translate into full access to chronic medications 
known to improve health and there are distinct differences in 
this regard between the countries studied. France has an exten-
sive, government-funded medication programme that minimises 
barriers to accessing CF medications. In Canada, drug coverage 

Table 2  Survival, deaths and transplants in Canada, France, Australia and New Zealand (2015–2019; n=14 842)*

Australia Canada France New Zealand

Total number of individuals, n 3537 4434 6411 460

Median age of survival, years (95% CI) 53.3 (49.7 to 59.8) 55.4 (51.3 to 59.2) 65.9 (59.8 to 76.0) 54.8 (40.7 to NA)

Transplants†, n (%) 413 (11.7) 589 (13.3) 1061 (16.5) 31 (6.7)

 � Paediatric, n (% of total transplants) 20 (4.8) 27 (4.6) 99 (9.3) 1 (3.2)

 � Adult, n (% of total transplants) 393 (95.2) 562 (95.4) 962 (90.7) 30 (96.8)

Age at transplant, years 30.6 (24.8–38.3) 29.7 (24.2–37.1) 26.9 (22.2–33.6) 30 (25.7–34.1)

 � Paediatric (≤18 years) 15.2 (14.1–16.6) 16 (14.5–16.9) 16.1 (13.7–16.9) 17 (17–17)

 � Adult (>18 years) 31 (25.7–38.8) 30.1 (24.9–37.6) 28.1 (23.7–34.1) 30.1 (25.8–34.2)

Deaths, n (%) 178 (5) 257 (5.8) 241 (3.8) 21 (4.6)

 � Death without transplant, n (% of total deaths) 97 (54.5) 149 (58) 98 (40.7) 16 (76.2)

 � Death after transplant, n (% of total deaths) 81 (45.5) 108 (42) 143 (59.3) 5 (23.8)

Age at death, years 33.7 (25.4–44.1) 34.7 (25.8–45.9) 31.9 (24.3–41.9) 34.7 (24.8–44.2)

 � Age at death without transplant, years 32.4 (23.8–44) 31.7 (22.7–45.4) 30.3 (23.8–42.3) 34.6 (26.6–45.4)

 � Age at death after transplant, years 35.3 (26.8–44.1) 38.8 (31.1–47.2) 33 (25.1–41.5) 35.7 (21.9–37.5)

*Data are presented as median (IQR), unless indicated otherwise.
†This represents individuals who were followed in the registry between 2015 and 2019 and had received a transplant at any time point.
NA, not available.

Figure 2  Overall survival probability in cystic fibrosis between 
Canada, France, Australia and New Zealand (2015–2019; n=14 842). 
AUS, Australia; CAN, Canada; FRA, France; NZ, New Zealand.
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plans vary between provinces with some provinces having more 
extensive coverage of CF medications while others are more restric-
tive. Canadians with private drug insurance through employment 
may have coverage for a broad list of medications at no additional 
cost to them. While others without drug insurance would have to 
pay out-of-pocket to access certain CF medications thus limiting 
access. Access to medication in Australia and New Zealand is, in 
essence, a hybrid between Canada and France with the majority of 
medications being covered by healthcare funders with a nominal 
cost to patients. Such differential access to medications could 
explain differences in health outcomes as therapies have been 
linked to improved lung function and reduced exacerbations, both 
of which are closely associated with survival.16 17 Unfortunately, we 
did not have complete medication data for the study period across 
all registries that would allow a robust comparison to answer this 
question, but this would be an important line of investigation for 
future research.

Given that the majority of deaths in CF are due to progressive 
lung disease, lung transplantation can dramatically and quickly 
alter the trajectory of the disease. Transplantation explained 30% 
of the survival gap between Canada and the USA, again high-
lighting the importance of this potentially modifiable therapeutic 
option as a means to increase survival for individuals with CF.7 
Our data showed that France had the highest proportion of trans-
plant recipients in the study window. Furthermore, France was 
the only country that had a lower proportion of deaths without 
transplant of all the countries compared with deaths that occurred 
after the opportunity for transplant. These data suggest that a 
significant proportion of individuals in need of transplant in 
France were able to receive this life-saving therapy. Interestingly, 
in 2007 France implemented a high emergency lung transplant 
(HELT) programme at a national level by the French Agence 
de la Biomedicine. When a patient corresponds to the criteria 
of HELT, their file is submitted to the Agency and examined by 
a panel of experts. If the experts confirm the eligibility to HELT, 
the patient is given national priority for 7 days; it can be extended 
by 7 days (total time 14 days) if no organ transplant was made 
available during the initial 7 days.18 Since this was implemented, 
the number of individuals dying on the transplant list in France 
dramatically decreased resulting in more transplants for those 
who needed them. This, in turn, decreased the number of indivi-
duals who died without transplant while the number of transplant 
recipients increased.19 Further, although patients transplanted 
from the HELT programme were critically ill, there was no nega-
tive impact on overall post-transplant survival compared with the 
survival prior to the implementation of the program.19 The HELT 
programme is unique to France and although medical need influ-
ences prioritisation on the transplant list in Canada, Australia and 
New Zealand, the process is less formalised when compared with 
the system adopted in France.

Unlike transplantation, the impact of NBS on survival estimates 
would not be evident for several decades until babies screened at 
birth reached an age where they would be at risk for death. NBS 
was introduced at different times depending on the country: 
France (~1989 for two regions, nationally in 2002), Australia (1981 
in New South Wales, nationally in 2001) and New Zealand (~1983) 
versus Canada (~2007 in most provinces, nationally in 2018)20–23 
and this is reflected in the proportion of individuals diagnosed 
through NBS by country. Furthermore, differential algorithms for 
NBS exist so it is possible that milder mutations may be identi-
fied in some countries compared with others which may impact 
survival estimates. However, when mutations were classified by 
functional class, the proportions were similar between the coun-
tries. Given paediatric mortality is not very prevalent, and most 
deaths occurred in adults, it is unlikely that NBS already had an 
effect of survival. This effect, if it exists, will need more time to be 
observed.

There is some evidence, although not consistently shown, that 
higher healthcare spending as determined by the percentage of 
gross domestic product (GDP), is associated with better health 

outcomes.24 25 According to 2019 statistics, France spent 11.1% of 
GDP on healthcare compared with 10.8% for Canada, 9.8% for 
Australia and 9.1% for New Zealand. Such differences are small 
and are unlikely to explain such a large gap in survival as seen in 
our study. Furthermore, spending more on healthcare does not 
guarantee better outcomes. The USA spent the highest percentage 
of GDP on healthcare (~17%) in 2019, almost twice that of Canada, 
yet prior literature showed that Canadians with CF live on average 
10 years longer than their US counterparts again suggesting that 
the reasons for international differences in survival are complex 
and multifactorial.

Our study has several strengths and limitations to consider. 
The detailed clinical information available in national registries 
allowed a methodologically rigorous approach to addressing inter-
national differences regarding survival and health outcomes in CF. 
A harmonised approach to variable definitions within the regis-
tries ensured appropriate and robust comparisons to allow adjust-
ment for important confounding variables. The registries capture a 
national picture of individuals with CF with few individuals lost to 
follow-up. It is possible that individuals with CFTR-related disease 
were included within the registries but not clearly identified; 
however, this would represent a small number and would not be 
unique to any single country therefore minimising any potential 
bias. Certain data elements were either unavailable in all registries 
(ie, not captured at all) or were incompletely recorded specifically 
medication, microbiology and socioeconomic status thus we were 
unable to account for these factors in our analyses. Future analyses 
may take into consideration such factors since data collection in 
registries has expanded with enhanced granularity in recent years. 
As with all registries, there is a degree of missing data; however, 
where possible, original source documents were obtained to fill in 
the gaps and multiple imputation was used to inclusion of all availa- 
ble subjects in the multivariable model. Furthermore, our results 
were unchanged when we conducted a complete case analysis 
compared with those where we used multiple imputation. Finally, 
the variable availability of earlier CFTR modulator therapies (ie, 
lumacaftor–ivacaftor, tezacaftor–ivacaftor) coupled with incon-
sistent data capture of these elements across all four registries 
made it impossible to accurately summarise the data across the 
study period. Although ivacaftor was used in Canada, Australia 
and France for the study period, the proportion of patients on this 
drug was low (ranging from 2.6% in France to 4.6% in Australia) 
and unlikely to explain the survival gap identified. Furthermore, 
these analyses were conducted prior to the widespread availability 
of elexacaftor–tezacaftor–ivacaftor. In the future, differential access 
to CFTR modulators may alter the trajectory of disease and further 
exacerbate differences in health outcomes in CF. CF communities 
worldwide need to continue their advocacy efforts to maximise 
access to all therapies to reduce health disparities such as those 
identified in this study for individuals living with this disease. For 
multiple reasons, which will need to be further explored, CF care 
results in better prognosis in France as compared with Canada and 
Australia.

CONCLUSION
In conclusion, our study has shown significantly higher survival 
in France compared with countries with comparable healthcare 
systems. France survival estimate exceeded 60 years of age which 
may be due to differences in availability of transplant for those who 
need it most.
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