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.

Overview of the included cohorts:

. ABCD®

ABIS™

BAMSE"

CHOP™
COPSAC200049
DNBC™
EDEN”!

G21*
Generation R
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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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