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ABSTRACT

Objectives To investigate the associations of physical
activity (PA) and sedentary behaviour in early childhood
with asthma and reduced lung function in later childhood
within a large collaborative study.

Design Pooling of longitudinal data from collaborating
birth cohorts using meta-analysis of separate cohort-
specific estimates and analysis of individual participant
data of all cohorts combined.

Setting Children aged 0—18 years from 26 European birth
cohorts.

Participants 136071 individual children from 26 cohorts,
with information on PA and/or sedentary behaviour

in early childhood and asthma assessment in later
childhood.

Main outcome measure Questionnaire-based current
asthma and lung function measured by spirometry (forced
expiratory volume in 1 s (FEV,), FEV, /forced vital capacity)
at age 6-18 years.

Results Questionnaire-based and accelerometry-based
PA and sedentary behaviour at age 3-5 years was not
associated with asthma at age 6-18 years (PA in hours/
day adjusted OR 1.01, 95% Cl 0.98 to 1.04; sedentary
behaviour in hours/day adjusted OR 1.03, 95% Cl 0.99 to
1.07). PA was not associated with lung function at any age.
Analyses of sedentary behaviour and lung function showed
inconsistent results.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Sedentary behaviour and decreased physical activ-
ity have been identified as possible risk factors for
developing asthma.

WHAT THIS STUDY ADDS

= This study shows no indication that physical activ-
ity and sedentary behaviour in early childhood are
associated with asthma or reduced lung function in
later childhood.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study contributes to the growing knowledge of
lifestyle and asthma. Physical activity seems not to

play a role in asthma prevention.

Conclusions Reduced PA and increased sedentary
behaviour before 6 years of age were not associated with
the presence of asthma later in childhood.

INTRODUCTION
Asthma is the most common non-
communicable chronic disease in childhood.!

BM) Group

Eijkemans M, et al. BMJ Open Respir Res 2024;11:¢001630. doi:10.

1136/bmjresp-2023-001630

EB 1

1ybuAdoo Aq paioaaloid "oiselieiunyapall uauljj@a1onayee]
doyA ununy ye +z0oz ‘2¢ 1snbny uo jwod lwq-saidsaiuadolway/:dny wou papeojumod 20z 1snbny ST U0 0E9T00-£20Z-dsaulwa/9eTT 0T Se paysiignd 1s1i) :say dsay uado [INg


http://bmjopenrespres.bmj.com/
https://www.brit-thoracic.org.uk/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjresp-2023-001630&domain=pdf&date_stamp=2024-08-14
https://doi.org/10.1136/bmjresp-2023-001630
https://doi.org/10.1136/bmjresp-2023-001630
https://doi.org/10.1136/bmjresp-2023-001630
http://orcid.org/0000-0003-4550-8628
http://orcid.org/0000-0002-6341-3596
http://orcid.org/0000-0001-8792-6663
http://orcid.org/0000-0003-3641-4048
http://orcid.org/0000-0003-1695-5234
http://orcid.org/0000-0003-0723-139X
http://orcid.org/0000-0002-7981-6314
http://orcid.org/0000-0002-2060-8190
http://orcid.org/0000-0001-7168-2385
http://orcid.org/0000-0002-5345-7165
http://orcid.org/0000-0003-2003-1018
http://orcid.org/0000-0003-2629-0790
http://orcid.org/0000-0002-3577-8459
http://orcid.org/0000-0001-8264-6785
http://orcid.org/0000-0002-6340-9300
http://orcid.org/0000-0001-6165-3935
http://orcid.org/0000-0003-4699-6571
http://orcid.org/0000-0002-2992-5299
http://orcid.org/0000-0001-6731-9452
http://orcid.org/0000-0002-5381-6287
http://orcid.org/0000-0003-3974-1482
http://orcid.org/0000-0003-2374-8778
http://orcid.org/0000-0002-4559-9374
http://orcid.org/0000-0002-0006-5336
http://orcid.org/0000-0002-0444-9150
http://orcid.org/0000-0002-7680-158X
http://orcid.org/0000-0002-6843-8557
http://orcid.org/0000-0002-7097-4586
http://orcid.org/0000-0002-5090-7538
http://orcid.org/0000-0002-2602-4110
http://orcid.org/0000-0001-8728-3741
http://orcid.org/0000-0002-6165-3465
http://orcid.org/0000-0001-9548-4914
http://orcid.org/0000-0002-4229-3599
http://orcid.org/0000-0003-0168-1541
http://orcid.org/0000-0003-0212-3509
http://orcid.org/0000-0002-5345-2049
http://orcid.org/0000-0001-8957-2002
http://orcid.org/0000-0003-0293-9954
http://orcid.org/0000-0002-1843-139X
http://orcid.org/0000-0003-3612-5780
http://orcid.org/0000-0002-9714-4304
http://orcid.org/0000-0002-0024-4887
http://orcid.org/0000-0001-8393-5060
http://orcid.org/0000-0003-3529-2747
http://orcid.org/0000-0002-5069-6582
http://orcid.org/0000-0001-8897-1749
http://orcid.org/0000-0003-4911-6082
http://orcid.org/0000-0002-9048-6635
http://orcid.org/0000-0001-6646-5458
http://bmjopenrespres.bmj.com/

Among lifestyle risk factors, obesity® and physical inac-
tivity” have received particular attention. Results from
cross-sectional studies suggest that adults and children
with asthma might be less physically active compared
with their peers.”™ Since higher levels of physical activity
(PA) have been found to be associated with better lung
function and asthma control,” the hypothesis emerged
that PA could possibly protect against asthma develop-
ment by influencing inflammatory processes important
in the development of asthma. Fernandes et al’ showed
that PA modulates pulmonary allergic inflammation by
increasing anti-inflammatory cytokines and decreasing
proinflammatory cells and mediators.

Several researchers have investigated possible longi-
tudinal associations between PA and asthma onset and
found contrasting results. In adult populations, some
longitudinal studies found that low levels of PA at baseline
were associated with higher asthma odds later in life.'*"2
However, most studies did not find evidence for an associ-
ation between PA and new-onset asthma in adults.'*° In
children, studies also show conflicting results. Cassim et al
published a systematic review focusing on cohort studies
in children with PA measurements preceding asthma and
lung function outcomes.'” The results were highly incon-
sistent and showed insufficient evidence to suggest that
PA influences the risk of new-onset asthma or improves
lung function in children. In a recent study performed
by our group, we did not find an association between
PA at age 4-5 years and subsequent asthma at age 6-10
years in the KOALA Birth Cohort Study.18 However, in a
small subgroup of children with both accelerometry and
lung function data available, we observed an association
between sedentary behaviour and subsequently lower
lung function. In the literature, sedentary behaviour and
physical inactivity have been regarded as two different
entities." Sedentary behaviour is described as activi-
ties with an energy expenditure of 1.5 or less metabolic
equivalent of a task in sitting, lying or reclining position,
during wake time, which is not necessarily the same as
physical inactivity (ie, not meeting the PA guidelines).
Sherriff et al and Protudjer et al both found a positive
association between screen time and new-onset asthma in
childhood.*”*' Chen et al demonstrated a pathway from
central obesity to childhood asthma, via physical fitness
and sedentary behaviour.”

The relation between childhood PA and lung func-
tion has been described in a few studies before higher
PA levels in childhood have been associated with higher
lung function in adolescent boys23 and girls.24 These
findings could be relevant for respiratory health across
the life course since lung function has been positively
associated with aerobic fitness, and higher fitness levels
during childhood are associated with larger adult lung
volumes.*!

Limitations of earlier studies are the relatively small
study sizes in childhood studies compared with adult
studies and little information on sedentary behaviour
and lung function. In this large collaborative study,

we gathered information on PA, sedentary behaviour,
asthma and lung function from birth to age 18 years
from 26 cohorts in Europe. We aimed to investigate PA
and sedentary behaviour in relation to asthma and lung
function at different ages in childhood. Our hypothesis
was that higher PA before the age of six protects against
asthma development later in childhood and that seden-
tary behaviour increases asthma risk. We also hypothe-
sised that a higher level of PA is positively associated with
lung function in later childhood.

METHODS

Design

Meta-analysis of cohortspecific association estimates
from separate analyses of longitudinal data within the
collaborating birth cohorts and individual participant
data.

Study population
European cohorts identified from existing collaborations
on childhood asthma or asthma-related outcomes (www.
birthcohorts.net; www.birthcohortsenrieco.net; www.
chicosproject.eu) were invited to participate if they had
data on PA that preceded information on asthma. Criteria
for exclusion of individual children were congenital birth
defects and diseases (other than asthma) that could influ-
ence either PA or respiratory function (such as cystic
fibrosis, intellectual disability, or rheumatic disorders).
37 potentially eligible cohorts were identified, 26
agreed to participate. Of the 11 studies not participating,
2 had no data on PA, 1 had no data on asthma and 5
studies only had cross-sectional data on PA and asthma.
Three other cohorts did not reply or were not interested
in participating. In total, we included 136071 individual
children from 26 birth cohorts across Europe.
Participating cohorts signed a data transfer agreement,
and pseudonymised datasets were transferred to Maas-
tricht University for analysis. Cohort-specific informed
consent was signed by the parents or legal guardians in
the original cohorts.

Patient and public involvement
No patients were involved in the design or implementa-
tion of this study.

Age groups

Cohorts were asked to provide their available exposure
(PA, sedentary behaviour) and outcome data (asthma,
lung function) for separate age groups: 0-2 years, 3-5
years, 6-8 years, 9-14 years and 15-18 years. If cohorts
had multiple measurements for one age group, the age
with the largest number of variables relevant to this study
was selected.
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PA and sedentary behaviour

Information on PA and sedentary behaviour was obtained
by cohortspecific questionnaires in all cohorts and
activity monitors (accelerometry, four cohorts). Parents
were asked how much time on average their child spent
on different physical activities, such as cycling, walking,
playing outside, exercising and physical education
lessons. In case both the child and its parents filled out a
questionnaire, we selected the parentreported data. The
total amount of time being physically active was converted
into hours per day. All cohorts had questionnaire-based
information on PA for at least one age group totalling
to 134929 individual participants (available data per
age group in table 1, detailed information for the indi-
vidual cohorts in online supplemental appendix table
A). 24 cohorts had information on sedentary behav-
iour for at least one age group in 117473 participants.
Sedentary behaviour was calculated as the amount of
time (expressed as hours per day) the child on average
spent on sedentary activities (eg, watching television,
playing computer games, travelling by car and reading).
To harmonise the data, the total amount of time spent
on PA or sedentary behaviour was also categorised into
(cohort-specific) tertiles.

PA as measured by accelerometry was available in four
cohorts in 1905 children in total. Cohort-specific proto-
cols with information on the type of activity monitor
used, and intensity level cut-off values is presented in
online supplemental appendix table A. Accelerometry
data that were requested from the cohorts were mean
activity counts per minute (cpm) per day, time spent in
different intensity levels (sedentary, moderate to vigorous
PA (MVPA)) and mean wear time per day. In general,
children wore the activity monitor all day, also during
school time.

Asthma and lung function

Asthma was measured using parent-completed ISAAC
(International Study of Asthma and Allergies in Child-
hood) questionnaires in all cohorts (136067 children).*
We requested different asthma definitions: parent-
reported physician-diagnosed asthma, ISAAC-based
current asthma'® and MeDALL (Mechanisms of the
Development of Allergy) based current asthma.* ISAAC-
based current asthma was defined as presence of (1)
physician-diagnosed asthma and (2) dyspnoea or wheeze
in last 12 months, or (3) regular use of asthma medica-
tion in the last 12 months. MeDALIL-based definition
of current asthma was constructed requiring the pres-
ence of two out of three criteria (1) physician-diagnosed
asthma, (2) wheeze in the last 12 months, (3) use of
asthma medication in the last 12 months). Not all cohorts
provided physician-diagnosed asthma, in that case it
was replaced by asthma ever in order to complete the
current asthma definitions. A detailed overview of infor-
mation on asthma questions of each individual cohort is
presented in online supplemental appendix table B. 25

cohorts provided asthma data at the age of 6-18 years
(n=125250 children), from which 24 cohorts provided
physician-diagnosed asthma (n=95122), 22 cohorts
(n=117143) had ISAAC-based current asthma definition
and 21 cohorts had MeDALL-based current asthma defi-
nition (n=90576). It has to be noted that these numbers
do not add up because most cohorts provided more
than one definition. The primary outcome was current
asthma; a child was defined as a current asthma case if it
had either physician-diagnosed asthma or met the ISAAC
or MeDALL-based definition. Separate analyses were
performed with ISAAC and MeDALIL-based definition as
outcome.

Lung function was measured by spirometry in seven-
teen cohorts, totalling to 19314 individual participants.
The spirometry was performed according to American
Thoracic Society/European Respiratory Society guide-
lines.?” ® Measures of interest were forced expiratory
volume in 1s (FEV,) and FEV  /forced vital capacity (FVC)
ratio. All lung function results were converted into sex-
adjusted, age-adjusted and height-adjusted z-scores based
on the Global Lung Initiative-2012 reference values.”

Statistical analysis
Data were analysed by using SPSS V.23.0 for Windows
(SPSS). The main analysis consisted of PA and seden-
tary behaviour in hours/day at ages 0-2 years and 3-5
years with current asthma at age 6—18 years as outcome.
Secondary analyses were performed with PA and seden-
tary behaviour, categorised in tertiles and by using accel-
erometry data, combined with current asthma at age 6-18
years as outcome. Age-specific analyses for PA and seden-
tary behaviour in each age group (ie, 0-2 years, 3-5 years,
6-8 years, 9-14 years) and asthma and lung function in
the consecutive age group were performed in order to
gain more insight into age dependent associations. In
cohorts that had information available on wheeze and/
or asthma at age 3-5 years, we were able to perform addi-
tional analyses excluding children with wheeze or asthma
present at the time of exposure measurement, in order to
reduce the risk of reverse causation or protopathic bias.
First, we performed cohort-specific regression anal-
yses: logistic regression analysis was used for evaluating
the associations of PA, sedentary behaviour and acceler-
ometry with current asthma. Linear regression analysis
was used for the associations of PA, sedentary behaviour
and accelerometry with lung function z-scores. Cohort-
specific association estimates were pooled using random
effects meta-analysis in Review Manager (RevMan,
V.5.3, Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). Heterogeneity among
studies was assessed using the x” test and Higgins I” test.”’
We excluded each separate cohort one by one to examine
the influence of any particular cohort on the results.
Second, we performed pooled analyses using individual
participant data, using generalised linear and logistic
mixed models with a random intercept for cohort. When
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Directed Acyclic Graph (DAG) of possible covariables on the association between physical activity and asthma.

Minimal dataset was identified as sex, maternal education, and maternal BMI. BMI, body mass index. ETS, environmental

tobacco smoke.

there were too few cohorts to make a valid estimation of
the variance, we used fixed effects models with cohort as a
covariable. Usually, this occurred when only two or three
cohorts had data availability for a specific age group.

We considered the following potential confounders a
priori: sex, gestational age at birth, birth weight, maternal
smoking during pregnancy, environmental tobacco
smoke, highest maternal education level, maternal age,
maternal body mass index (BMI), breast feeding, parity,
family history of asthma and family history of atopy. These
variables were collected in cohort-specific parent-based
questionnaires. Some cohorts measured height and
weight of the child in order to calculate BMI, others used
parent reported height and weight. A child’s BMI in each
age group was converted into WHO z-scores adjusted for
age and sex.” We used a directed acyclic graph (DAG)
approach in order to select the expected most important
set of covariables for adjustment in multivariable models
(figure 1). The graph was constructed using DAGitty
V.2.8.% We included the minimal sufficient adjustment
set for estimating the total effect of PA on asthma as
covariables in the multivariable analyses: maternal BMI,
maternal education and sex. We assumed this confounder
set to be the same for the other analyses (ie, sedentary
behaviour and lung function). All analyses using accel-
erometry data were additionally adjusted for wear time.
The child’s BMI was considered to have a potential inter-
action with PA and was, therefore, not adjusted for in
the main analyses. Additional analyses were performed
by testing for interaction between PA and BMI (z-scores
as continuous variable) with and without adjustment for
the other covariables. We reported such interactions if

the interaction term was statistically significant (Wald test
p<0.05).

RESULTS

Participant characteristics

The data available on exposure and outcome for each
cohortare shown in table 1. At age 3-5 years, most cohorts
had data available on PA and/or sedentary behaviour (ie,
19 cohorts). All cohorts except one (ie, EDEN) had data
available for the age of 6 years and older. Characteris-
tics of the study population are shown in online supple-
mental appendix table C.

PA and sedentary behaviour

Children were reported to be physically active for an
average of 2.1 hours per day (all age groups combined),
with children being the most active at age 6-8 years
(mean 2.7hours per day) and least active at age 9-14
years (mean 0.9hours per day). Children engaged in
sedentary behaviour for 2.7hours per day on average
over all age groups. At age 9-14 years sedentary behav-
iour peaked (mean 4.3hours per day), whereas children
aged 0-2 years were reported to spend the least amount
of time engaging in sedentary behaviour (ie, screen time)
(0.4hours per day).

Accelerometry data showed an average mean count
per minute per day of 400 cpm, varying from 323 at age
3-5 years to 606 at age 6-8 years. Large differences were
observed between the different cohorts, depending on
which type of accelerometer was used. Children spent on
average 1.6hours per day in MVPA, with children aged
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Figure 2 Overview of meta-analyses of per-cohort longitudinal analyses on questionnaire derived physical activity and
sedentary behaviour at ages 0-2 and 3-5 years and current asthma at age 6-18 years. (A) Exposure: physical activity in
hours/day at ages 0-2 years—outcome: current asthma at age 6-18 years. (B) Exposure: sedentary behaviour in hours/day at
ages 0-2 years—outcome: current asthma at age 6-18 years. (C) Exposure: physical activity in hours/day at age 3-5 years—
outcome: current asthma at age 6-18 years. (D) Exposure: sedentary behaviour in hours/day at age 3-5 years—outcome:
current asthma at age 6-18 years. Current asthma is defined as physician-diagnosed asthma, ISAAC-based current asthma
definition or MeDALL-based current asthma definition. Per-cohort multivariable logistic regression using a random effects
model with minimum data set as confounders (sex, maternal education level and maternal BMI for all cohorts except LRC
which did not have information on maternal BMI, therefore, was corrected for sex and maternal education level). BMI, body
mass index; ISAAC, International Study of Asthma and Allergies in Childhood.

9-14 years being the least active (1.4hours in MVPA
daily) compared with 3-5 year olds being the most active
(1.8 hours in MVPA daily). The range of measured seden-
tary activity was very broad among the different cohorts
(5.2-14.0hours at age 3-5 years) due to differences in
wear time: some cohorts included sleeping hours as wear
time, while others limited the measuring time to waking
hours.

Asthma

In total, 11.3% (n=14112) of the children had current
asthma at any age between 6 ando 18 years, ranging
from 6.2% in G21 to 29.2% in LRC. When using parent-
reported physician-diagnosed asthma only, 11.9%
(n=11349; range 3.8%-27.3%) of the children were
defined as having asthma, compared with 7.4% (n=8633;
range 1.7%-21.8%) according to the ISAAC-based
current asthma definition and 7.9% (n=7155; range
2.5%-21.6%) according to the MeDALL-based current
asthma definition.

We found no association between PA at ages 0-2 years
or 3-5 years and the presence of asthma at age 6-18 years.
Meta-analysis of cohortspecific association estimates
showed no association between PA in hours/day at age
3-5 years and asthma at age 6-18 years (adjusted OR 1.02,
95% CI 0.97 to 1.08) (figure 2). The pooled analysis of the
individual participant data showed comparable results:
adjusted OR 1.01, 95% CI 0.98 to 1.04 (table 2). When
excluding wheeze and asthma at baseline (in a subgroup),
no association was found either (adjusted OR 1.00, 95% CI

0.95 to 1.04) (online supplemental appendix table D).
Also, analysing each asthma definition (ISAAC-based and
MeDALL-based current asthma definition) separately did
not reveal an association between PA and asthma (online
supplemental appendix tables E,F), neither for PA
measured by questionnaires nor for accelerometry. When
PA was categorised in tertiles, only the youngest age group
(0-2 years) showed a possible association between PA and
lower asthma incidence: PA in the highest two tertiles at
ages 0-2 years was associated with a lower asthma inci-
dence at age 6-18 years compared with PA in the lowest
tertile (adjusted OR highest tertile 0.80, 95% CI 0.68 to
0.95) (online supplemental appendix tables G,H). The
result was driven by data of one cohort (DNBC) using the
question: ‘Do you think he/she is more or less active than
kids the same age?’. When this cohort was excluded, no
association between PA in tertiles and subsequent asthma
was found. The other two cohorts that had questionnaire-
based information on PA at ages 0-2 years measured PA
by the amount of time the child spent playing outside. No
accelerometry data were available at this age.

Sedentary behaviour was not associated with the pres-
ence of asthma at subsequent follow-ups age 6-18 years,
regardless of the PA method and asthma definition that
was used. Accelerometry data for sedentary behaviour
were also analysed for each cohort separately, due to
large differences in wear time. In none of the separate
analyses, nor the meta-analysis, an association between
time spent in sedentary level and subsequent asthma was
seen (online supplemental appendix figure A).
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Table 2 Longitudinal analyses on physical activity (PA), sedentary behaviour and current asthma between age 6 and 18 years

n (n asthma cases) n cohorts aOR (95% CI)*

Questionnaire based

PA (hours/day) age 0-2 years 2024 (282) 2 a 0.91 (0.77 to 1.07)

Age 3-5 years 21927 (2204) 16 b 1.01 (0.98 to 1.04)

Sedentary behaviour (hours/day) age 0-2 years 2380 (329) 3 ® 1.05 (0.80 to 1.37)

Age 3-5 years 21643 (2180) 15 d 1.03 (0.99 to 1.07)
Accelerometry

Total activity (counts/min) age 3-5 years 775 (131) e 1.00 (1.00 to 1.00)

Sedentary activity age 3-5 years 775 (131) 2 e 1.00 (0.86 to 1.16)
MVPA

Age 3-5 years 775 (131) 2 e 0.99 (0.66 to 1.50)

Generalised logistic mixed models on questionnaire-based PA in hours per day, sedentary behaviour in hours per day and accelerometry
data at ages 0-2 years and 3-5 years; and current asthma at age 6-18 years.

Multivariable analyses corrected for sex, maternal education level, maternal BMI.

Included cohorts: (a) KOALA, STEPS Study, (b) ABCD, ABIS, G21, Generation R, HUMIS, INMA Asturias, INMA Gipuzkoa, INMA Sabadell,
INMA Valencia, KOALA, Lifeways, LISA, LucKi, STEPS Study, SWS, Whistler, (c) HUMIS, KOALA, STEPS Study, (d) ABCD, ABIS, G21,
Generation R, HUMIS, INMA Asturias, INMA Gipuzkoa, INMA Sabadell, INMA Valencia, KOALA, Lifeways, LISA, LucKi, STEPS Study, SWS. :

KOALA, SWS.

*aORs indicate the increase in odds of current asthma between age 6 and 18 years for each hour per day of parent reported PA or sedentary
behaviour in the age periods between age 0 and 2 or 3 and 5 years; and time in sedentary activity or MVPA recorded by accelerometry
between age 3 and 5 years. Current asthma is defined as physician-diagnosed asthma, ISAAC-based current asthma definition or MeDALL-

based current asthma definition.

aOR, adjusted OR; BMI, body mass index; ISAAC, International Study of Asthma and Allergies in Childhood; MeDALL, Mechanisms of the

Development of Allergy; MVPA, moderate to vigorous PA .

Age-specific analyses of PA and sedentary behaviour
and asthma in the consecutive age group showed no asso-
ciations at any age in the multivariable analyses (online
supplemental appendix tables I-L), except again for PA
in tertiles at ages 0-2 years and asthma at age 6-8.

The interaction term child’s BMIxPA was tested in
both univariable and multivariable models but was not
statistically significant at any age (online supplemental
appendix tables M,N).

Lung function

No associations between questionnaire-based PA and
lung function in the age-specific analyses were observed
at any age (online supplemental appendix tables O,P).
Children who spent more time in MVPA at age 3-5 years
(as measured by accelerometry) had a higher FEV, at age
6-8 years (B 0.27 SD, 95% CI 0.07 to 0.46). This means
that every 1hour per day more engaging in MVPA level
at age 3-5 years results in a 0.27 SD (reported as z-score)
higher FEV, at age 6-8 years. This association disap-
peared when we excluded the children with wheeze or
asthma at baseline (online supplemental appendix tables
Q.p).

For questionnaire-based sedentary behaviour, children
who engaged more time in sedentary behaviour at age
6-8 years had a slightly higher FEV | at age 9-14 years (B
0.03 SD, 95% CI 0.00 to 0.06 for every additional hour
of sedentary behaviour per day). Children aged 9-14
years old who spent more time in sedentary behaviour

had slightly higher FEV, /FVC at age 15-18 years (B 0.04
SD, 95% CI 0.00 to 0.07). Children who displayed more
time in sedentary behaviour (as measured by accelerom-
etry) at age 3-5 years had a lower FEV, at age 6-8 years
(B —0.13 SD, 95% CI —0.20 to —0.06). This association
persisted after excluding children with wheeze or asthma
at baseline. At all other ages no association between PA
or sedentary behaviour and lung function was observed.

DISCUSSION
Overall, in this large collaborative study, we found no
evidence that PA or sedentary behaviour during early
childhood was associated with the presence of asthma
in later childhood. Both PA measured by questionnaire
and by accelerometry showed no association. This is in
line with more recent studies that have shown that PA is
not associated with subsequent asthma in childhood.'” '
Cassim et al performed a bidirectional longitudinal anal-
ysis on PA and childhood asthma and found no associa-
tion in any direction.” Recently, Russell e al described
the association between PA and asthma incidence over 10
years in a multicentre study and found no benefit from
vigorous PA in reducing the risk of asthma development
in adults.®”* Garcia-Aymerich et al performed hypothet-
ical interventions on BMI and PA in 76470 asthma-free
women and found no effect of PA intervention on new-
onset asthma.”

Unfortunately, we were not able to collect reliable
information on PA in the youngest age group (under 2
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years) to draw conclusions for this age. Habitual PA in
infants and toddlers differs from PA at older ages, and
no validated questionnaires on PA at this young age exist.
Earlier studies on this subject have stressed the impor-
tance of using accelerometry for measuring PA in infants
and toddlers.>¢ %’ However, a recent systematic review and
meta-analysis on accelerometry in infants and toddlers
showed that accelerometry measurements in infants still
are inconclusive due to a lack of existing validated cut-
points at this age. In toddlers (ie, in general 1-3 years)
validated cut-points are available for some accelerometer
devices (eg, Actigraph) but consistency and reliability
remains problematic.™

We found no clear associations between PA and lung
function at any age (0-18 years). The analyses of seden-
tary behaviour and lung function measured a few years
later showed a few associations: questionnaire-based
sedentary behaviour at age 6-8 years was associated with
a marginally higher FEV  at age 9-14 years, whereas
accelerometry measured sedentary behaviour at age 3-5
years was associated with a slightly lower FEV  at age 6-8.
FEV,/FVC was lower at age 15-18 years when children
had spent more time in sedentary behaviour at age 9-14
years. All other analyses on sedentary behaviour and lung
function showed no associations.

In the literature, we only found one study that focused
on the longitudinal association between sedentary
behaviour and lung function in childhood: da Silva et af’’
found that adolescents who spent less time in sedentary
behaviour at ages 11-18 years had higher FVC at age 18
years. Earlier studies on PA and lung function are incon-
sistent: cross-sectionally, no association between PA and
lung function in adolescents was found."” In contrast
to studies in adults, where a weak positive association
between higher PA level and FEV, was found."" Longitu-
dinally, in adolescents and young adults, aerobic fitness
was positively associated with FEV, and FVC but not with
FEV,/ FVC.* It is possible that our findings are the result
of chance finding because of multiple testing. The clin-
ical relevance of these small differences is not known
either.

Obesity was a priori considered to have a possible inter-
action with PA in relation to asthma. However, models
including BMIXPA as interaction term did not show any
modifying effect of BMI on the association between PA
and asthma. Bédard et alinvestigated the role of PA in the
obesity-asthma link in adult women and found an inde-
pendent association between obesity and asthma but no
independent causal effect of PA on asthma.'®

The most important strength of this study is that it
is a large collaboration of 26 European birth cohorts,
which all delivered individual-level information on PA,
sedentary behaviour and asthma from 0 to 18 years. By
including children from different geographical areas
residual confounding was indirectly taken into account.
By virtue of the longitudinal design, with information
on several age groups, we were able to reduce the risk
of reverse causality. We evaluated protopathic bias by

excluding children with asthma and wheeze in the 12
months preceding the exposure date. In this asthma-
and-wheeze free population, there was no association
between PA levels or sedentary behaviour and new-onset
asthma at ages 6-8 years. Unfortunately, we were not able
to perform repeated measures analysis as most cohorts
had only one or two measurements of PA, all at different
ages.

An important limitation of this study is the heteroge-
neity in data collection between the different cohorts.
Especially the data on PA and sedentary behaviour
differed across the cohorts. For example, some cohorts
had more detailed questionnaires on PA than others,
some included questions on school activities while others
only included activities outside of school hours. To
harmonise the data, we performed additional analyses
after conversion into tertiles. These showed comparable
results. Accelerometry data also showed large differ-
ences across the cohorts due to different methodologies,
especially for the time spent in sedentary activity level.
However, the separate cohort-specific analyses displayed
comparable results and meta-analysis showed little statis-
tical heterogeneity. Asthma outcome data were less
heterogeneous: all cohorts used ISAAC core question-
naires and/or MeDALL-based asthma definition and
separate analyses on these different asthma outcomes
showed comparable results. Recruitment bias could also
be an issue: most birth cohorts consist of relatively highly
educated parents, which is a selection of the real popula-
tion. Low socioeconomic status is a known risk factor for
severe asthma and is possibly underrepresented in this
study.®*

This study focuses on the association between PA and
asthma development later in childhood. It is important
to notice that this study did not focus on asthma severity,
which can still be related to PA and sedentary behaviour,
for example, due to symptoms of breathlessness.

In conclusion, we found no indication of a relation
between PA and sedentary behaviour in early childhood
and asthma in later childhood. There is very sparse infor-
mation about the PA levels in the youngest age group
(under 2 years) and subsequent asthma so no conclu-
sion can be drawn for this age. The results of the effects
of PA and sedentary behaviour on lung function were
inconsistent.

We thank the parents and children who participated in
this study for their efforts. We thank Bjorn Winkens for
his help in the data analyses.
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10. GINI plus™

11. HUMIS”

12. INMA Asturias®®
13. INMA Gipuzkoa™
14. INMA Menorca™
15. INMA Sabadell®®
16. INMA Valencia®
17. KOALAY’

18. Lifeways™

19. LISAY

20. LRC®

21. LucKi”

22. PIAMA®

23. SEATON®

24. STEPS Study®
25. SWS®

26. WHISTLERY
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