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Abstract

Background: Sedentary behavior and decreased physical activity are possible risk
factors for developing asthma. This longitudinal study investigates the association
between physical activity and subsequent asthma. We hypothesize that children with
decreased physical activity at early school age, have higher risk of developing asthma.
Methods: One thousand eight hundred thirty-eight children from the KOALA Birth
Cohort Study were analyzed. Children who were born prematurely or with congenital
defects/diseases with possible influence on either physical activity or respiratory
symptoms were excluded. Physical activity, sedentary behavior, and screen time were
measured at age 4 to 5 years by questionnaire and accelerometry in a subgroup
(n=301). Primary outcome was asthma, assessed by repeated ISAAC questionnaires
between age 6 and 10. Secondary outcome was lung function measured by spirometry in
a subgroup (n=485, accelerometry subgroup n=62) (forced expiratory volume in
1 second [FEV1], forced vital capacity [FVC] and FEV1/FVC ratio) at age 6 to 7 years.
Results: Reported physical activity was not associated with reported asthma nor lung
function. Accelerometry data showed that daily being 1 hour less physically active
was associated with a lower FEV1/FVC (z score 8, -0.65; 95% confidence interval,
-1.06 to -0.24).

Conclusions: Physical activity at early school age was not associated with reported
asthma development later in life. However, lung function results showed that sedentary
activity time was associated with lower FEV1/FVC later in childhood. As this is the first
longitudinal study with objectively measured physical activity and lung function, and
because the subgroup sample size was small, this result needs replication.
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1 | INTRODUCTION

Asthma is one of the most common chronic diseases in childhood and

is associated with increased Westernization.? Sedentary behavior

Asthma and Allergies in Childhood; MVPA, moderate to vigorous physical activity; OR, odds

ratio; PA, physical activity.

and decreased physical activity (PA) are also associated with
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prosperity.? PA has been identified as a possible protective factor in
several chronic illnesses, such as diabetes, high blood pressure, heart
disease, and asthma.®* The role of PA in asthma is subject to debate.
Several studies have suggested that asthmatic children are less
physically active than their healthy peers,>® however other studies
showed no difference.” Exercising induces a beneficial effect on
allergic inflammation,® on quality of life, and cardiopulmonary fitness
in asthmatics, but it has no effect on lung function.” The role of PA in
asthma prevention is still unclear. To establish a causal role of
PA in asthma development there is a need for longitudinal studies. In
adults, these longitudinal studies are not conclusive: some showed

10,11

no association, others designated low PA as potential risk factor

for developing asthma,%13

and one study found a reverse associa-
tion.** In children, only a few longitudinal studies were conducted on
this subject: Byberg et al*®> showed that low PA at age 3 to 6 years
was associated with asthma later in childhood. Parents of 617

» o«

children were asked if their child was “not so active,” “active,” or
“very active.” Sherriff et al'® showed that children who watched
more TV at age 3 years had a higher risk of developing asthma
at age 11.5 years.

In this study, we aim to evaluate PA preceding asthma
development in childhood. We measured PA at age 4 to 5 years,
lung function at age 6 years, and asthma at several ages between 6
and 10 years. We hypothesize that low PA in childhood increases the
risk of asthma development later in life. To our knowledge, this is the
first longitudinal study in childhood on PA and asthma using
questionnaires as well as objective measurements for both the

exposure and the outcome (accelerometry and spirometry).

2 | MATERIALS AND METHODS

This prospective study was embedded in the KOALA (Child, Parent,
and Health: Lifestyle and Genetic Constitution [in Dutch]) Birth
Cohort Study,*” which focuses on potential risk factors for atopy and
asthma development in childhood. In total, 2834 pregnant women
were recruited and completed a questionnaire at 34 weeks of
gestation. The birth cohort consists of two recruitment groups, based
on lifestyle (alternative and conventional). Children born to these
mothers were followed at several ages (ie, 3 and 7 months, 1 year,
2 years, 4 to 5 years, 6 to 7 years, 6 to 8 years, 7 to 9 years, and 8 to
10 years).

Inclusion criteria for the present study were: all children for
whom their parents completed a questionnaire on PA at age 4 to 5
years and at least one questionnaire at any age between 6 and 10
years on asthma symptoms. We excluded children born with
congenital defects or diseases with possible influence on either PA
or respiratory symptoms, such as for example cystic fibrosis, Down’s
syndrome, or rheumatic disease (for the complete list, see appendix).
Other exclusion criteria were prematurity with a gestational age of
less than 37 weeks, birth weight of less than 2000 g, and use of

growth hormone.
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All parents gave written informed consent. Ethical approval was
obtained from the medical ethics committee of Maastricht University
and Academic Hospital of Maastricht, The Netherlands.

21 |
211 |

Physical activity
Questionnaires

At age 4 to 5 years PA was assessed using questionnaires. Parents were
asked about their child’'s frequency (days per week) and duration of
activities (minutes per day) during the last 4 weeks: walking or cycling to
school, school gymnastics, sports club, and playing outside. The total
time that a child was physically active was added and converted in total
PA in hours per day. Screen time was calculated by adding the
frequency and duration of TV watching and playing computer games
into one variable (screen time in hours per day).

2.1.2 | Accelerometry

A subgroup of 4- to 5-year-olds was invited to participate in
accelerometry, based on the location of their home addresses (all
children who lived within a range of 20 km from the communal building
from where the accelerometers were distributed).® These children
were instructed to wear an accelerometer (ActiGraph 7164; ActiGraph,
Fort Walton Beach, FL) on the right hip during daytime for at least
5 days. Children were instructed to only remove the accelerometer
when water was involved, as in swimming or showering. PA counts were
registered in epochs of 15 seconds, for young children are known for
their short and intermittent movement bursts.? This was transformed
in counts per minute to express total activity. Four intensity-levels were
distinguished: sedentary, light, moderate, and vigorous PA, based on
cut-off values established by Evenson et al.2%?! Time in these PA levels
was expressed in hours per day, to make it comparable with PA from
questionnaire data. Only accelerometer data with at least 400 minutes
(ie, 6.7 hours) of wear time per day (during at least 3 weekdays and
1 weekend day) were included in analyses?? All analyses with
accelerometry were adjusted for wear time.
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Asthma
Questionnaires

Asthma was identified through parental questionnaires at several
ages between 6 and 10 years. Asthma was defined according to the
International Study of Asthma and Allergies in Childhood Ques-
tionnaire (ISAAC)%%: doctor’s diagnosed asthma combined with
clinical symptoms in the last 12 months (ie, wheezing or shortness
of breath) and/or if they used asthma medication in the last
12 months. Asthma medication was defined as regular use of short-
acting bronchodilators or the use of inhaled corticosteroids. Regular
use was defined as everyday use for a period of at least 2 months or
use associated with PA of the child. Asthma at the age 6 to 10 years
was considered present if at least one questionnaire in this age

period met the asthma definition.
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2.2.2 | Lung function

In a subgroup children’s lung function was assessed at age 6 to
7 years. Children were selected for this subgroup if their mothers
participated in an earlier study in a subgroup for which they had to
donate a blood sample at 34 weeks of pregnancy. Lung function was
assessed using the handheld Medikro Spirostar USB spirometer
(Medikro, Kuopio, Finland) according to the American Thoracic
Society/European Respiratory Society (ATS/ERS) guidelines.?*2°
This was assessed by trained research assistants during home visits.
Lung function was performed after 10 minutes rest in an upright
seated position. Each child performed forced expiration until three
acceptable curves were achieved. Acceptable curves met the
reproducibility criteria defined by the ATS/ERS. Forced expiratory
volume in 1second (FEV1), forced vital capacity (FVC), and
Tiffeneau-Pinelli index (FEV1/FVC) were transferred into z scores
using the GLI-2012 (Global Lung Function Initiative) reference
values for spirometry, corrected for the child’s sex, age, and
height.2® We presented FEV1/FVC as primary lung function
outcome, because in children it gives a better indication of asthma
severity than FEV1, which can be normal even in severe persistent
childhood asthma.?”

2.3 | Statistical analysis

Data were analyzed using SPSS 22.0 for Windows (SPSS Inc, Chicago, IL).
The total number of missing values ranged from none (eg, sex, birth
weight, environmental tobacco smoke exposure) up to 6.1% for body
mass index (BMI). In 10.8% of the children one or more variables were
missing. Missing data were imputed using multiple imputation in SPSS,
using the regression method with five iterations. The missing data pattern
was evaluated as random. The imputed variables were parent-reported
PA variables and all confounding variables. Logistic regression analysis
was used for evaluating the association between PA, screen time, and
asthma. Linear regression analysis was used for evaluating the associa-
tions between PA, screen time, and lung function. We adjusted for the
following potential confounders: sex, atopic family history (father’s and/or
mother’s history of asthma, eczema, or allergy), maternal education level,
maternal age, maternal BMI, smoking during pregnancy, birth weight,
breastfeeding (exclusively in the first 3 months), environmental tobacco
smoke in first 4 years of life, and recruitment group.'” The accelerometry
data were adjusted for wear time. Children’s BMI measures were
transferred into z scores adjusted for age and sex, using reference values
from the Fourth Dutch Growth Study.?® Protopathic bias is a major
potential issue in longitudinal studies on this subject: it consists of the
hypothesis that PA can be restricted by respiratory symptoms preceding
asthma diagnosis. Sensitivity analyses were performed by comparing
models without and with parent-reported wheeze in the 12 months
before exposure to evaluate protopathic bias. Possible effect modification
was assessed by testing for interaction by wheeze and BMI. In order not
to miss nonmonotonous confounding or effect modification by BMI we
also used BMI as a categorical variable (lower/normal/overweight based

on lower and upper quartiles).

3 | RESULTS

In total, 1957 children met the inclusion criteria at the age of 4 to
5 years. Of these, 1838 children (94%) completed at least one
questionnaire at any age between 6 and 10 years on asthma
symptoms. Table 1 shows the characteristics of participants and
their PA levels at age 4 to 5 years for the total group and for the
subgroups of children that participated in accelerometry (n=301),
lung function (n=485), and both measurements (n=62). There
were no obvious differences between the total cohort and the
subgroups. On average, children participated in PA 1.9 hours per
day, and they were engaged in screen time 1.0 hour per day
(questionnaire based). Boys were reported to be more physically
active than girls (mean 2.0 hours per day vs 1.8 hours per day).
Accelerometry data confirmed that there was a difference in PA
between boys and girls (666 vs 615 counts per minute). Table 2
shows the characteristics of accelerometry data. A weak correla-
tion was found between parent-reported PA and counts per
minute in accelerometry (r=0.20, P<.01), and also between
parent-reported sedentary activity and time spent in sedentary

activity level in accelerometry (r=0.05, P <.05).

3.1 | Asthma

A total of 186 children (10.1%) met the ISAAC definition of asthma
between the age of 6 and 10. The majority of these children (n =101,
56%) had already wheezed at the age of 4 to 5 years.

We found no association between PA and asthma (Table 3).
Sensitivity analyses for wheeze showed no difference between the
children that had already wheezed at age 4 to 5 years and the
children that had not wheezed at that age in relation to PA and
asthma. BMI z scores or categories (under/normal/overweight) did
not affect the relation between PA and asthma either.

3.1.1 | Lung function

There was no association between parent-reported PA and FEV1 or
FVC (results in supplement) or FEV1/FVC (Table 3).

A small subgroup (n = 62) participated in accelerometry as well as
lung function. Accelerometry data in this group showed a significant
association between sedentary time and lung function on follow-up:
children who had spent more time being physically inactive (ie, in PA
level sedentary) at age 4 to 5 years had a lower FEV1/FVC at age 6 to
7 years (Table 3). In a sensitivity analysis we evaluated whether
protopathic bias could explain this association, by repeating the
analyses with and without wheeze at age 4 to 5 years as covariable in
the model. This did not influence the association between sedentary
time and FEV1/FVC. BMI did not influence the association either.
There was no association between sedentary time and FEV1 or FVC
separately (results in supplement). Total activity (counts per minute)
and time spent in moderate to vigorous physical activity (MVPA)

were not associated with lung function.
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TABLE 1 Characteristics of participants of the KOALA Birth Cohort Study, The Netherlands

Participants who had

Participants who had

Participants who had

All participants accelerometry lung function accelerometry and lung
Characteristic (n=1838) (n=301) (n =485) function (n =62)
Sex n (%)
Boy 939 (51) 146 (49) 230 (47) 31 (50)
Girl 899 (49) 155 (52) 255 (53) 31 (50)
Atopic family history® n (%)
Yes 1100 (60) 190 (63) 316 (65) 43 (69)
No 738 (40) 111 (37) 169 (35) 19 (31)
Maternal education level n (%)
Low 156 (8) 25 (8) 35 (7) 5(8)
Moderate 675 (37) 100 (33) 183 (38) 15 (24)
High 1007 (55) 176 (58) 267 (55) 42 (68)
Smoking during pregnancy n (%)
Yes 87 (5) 13 (4) 18 (4) 1(2)
No 1751 (95) 288 (96) 467 (96) 61 (98)
Birth weight n (%)
2000-3000 g 177 (10) 23 (8) 51(11) 3 (5)
3000-4000 g 1353 (74) 226 (75) 361 (74) 47 (76)
>4000g 308 (17) 52 (17) 73 (15) 12 (19)
Breastfeeding® n (%)
Yes 991 (54) 122 (41) 221 (46) 24 (39)
No 847 (46) 179 (59) 264 (54) 38 (61)
Environmental tobacco smoke n (%)
Yes 310 (17) 58 (19) 70 (14) 13 (21)
No 1528 (83) 243 (81) 415 (86) 49 (79)
Physical activity (parent-reported).
Mean (SD)
Physical activity, h/d® 1.9 (0.9) 1.7 (0.8) 1.9 (0.9) 1.6 (0.8)
Screen time, h/d® 1.0 (0.7) 1.1 (0.6) 0.9 (0.6) 1.0 (0.6)
Wheeze at time of exposure n (%)
Yes 181 (10) 31 (10) 55(11) 6 (10)
No 1648 (90) 269 (90) 426 (89) 56 (90)
Asthma at age 6-10y n (%)
Yes 186 (10) 26 (9) 66 (14) 7 (112)
No 1652 (90) 275 (91) 419 (86) 55 (89)

@Father and/or mother history of asthma, eczema, or allergy.
bExclusively breastfeeding in the first 3 months.

“Hours per day engaging in physical activity: walking or cycling to school, school gymnastics, sports club, and playing outside.

9Hours per day watching television or playing computer games.

4 | DISCUSSION

This study did not confirm an association between lower PA levels
and asthma development in childhood. Sedentary time as measured
by accelerometry, however, was associated with lower FEV1/FVC.

PA and asthma is a subject of an ongoing debate and numerous
studies looked into this subject. However, no convincing evidence was
shown yet. In 2012, we performed a systematic review and meta-analysis
on PA and asthma.® We identified 34 cross-sectional studies, of which a
large portion showed a significant association between PA and asthma.
Unfortunately, due to large clinical and statistical heterogeneity, it was
not possible to perform a pooled analysis. Five longitudinal studies were
identified and these showed that adults with high PA levels had lower
asthma incidence in follow-up. No high quality longitudinal studies in
children were identified at that time.

Since then, two systematic reviews on PA and childhood asthma
were published, both in 2016. Lochte et al® identified eight cross-
sectional studies, which were considered too heterogenous for
pooling. Three longitudinal studies were identified and pooled, which
showed a positive association of low PA and new-onset asthma.

Cassim et al” focused on accelerometry studies and found no
difference in PA and childhood asthma in 10 cross-sectional, 1 case-
control, and 1 cohort study. No longitudinal studies with PA as
exposure were identified in this meta-analysis. A very recent
publication by Pike et al?’ showed no association between MVPA
in accelerometry and asthma status in their cross-sectional analysis.
No longitudinal analysis was reported in this publication.

The most important strength of this study is that it is a
longitudinal study with PA as exposure preceding the outcome
measurement of asthma and lung function. A longitudinal study
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TABLE 2 Descriptive information on physical activity derived from accelerometry at age 4-5 years (n=301)

Percentage of wear time* Mean (SD) Range Median 25th percentile 75th percentile

Wear time, h/d 11.0 (0.8) 54 11.0 10.4 11.5
Total activity, cpm? 640 (153) 916 617 521 728
Time in activity level in h/d®

Sedentary PA 47% 5.2 (0.7) 4.5 5.2 4.7 5.6

Light PA 45% 5.0 (0.7) 3.6 5.0 4.5 54

Moderate PA 6% 0.6 (0.2) 0.9 0.6 0.5 0.7

Vigorous PA 2% 0.2 (0.1) 0.8 0.2 0.1 0.3

MVPA® 8% 0.8 (0.3) 1.6 0.8 0.6 1.0

2Total activity measured by accelerometry in average daily counts per minute (cpm).
Time in physical activity (PA) levels, converted to hours per day for reasons of comparability.
“Moderate to vigorous physical activity (MVPA) (sum of time in moderate physical activity and time in vigorous physical activity).

9Time in physical activity levels, calculated in percentage of total wear time.

design is necessary to ensure that cause (PA) precedes effect (asthma
development). Another strength of this study is the use of objective
measures for assessing PA and asthma in a subgroup.

This study has several limitations. An important issue in the
debate is reverse causation and protopathic bias: is asthma caused
by low PA or is the child less physically active because of its
asthmatic symptoms? Asthma is often preceded by wheeze
symptoms in early childhood. However, asthma can be difficult to
diagnose before the age of 6 years because spirometry is often not
possible before this age. Children that wheeze at a young age and
eventually develop asthma are sometimes difficult to distinguish
from the children with viral-induced wheeze: children that wheeze
due to respiratory infections in combination with small airways but
who outgrow it and do not develop asthma.*° In this study, 72% of
the children with asthma diagnosis at the age of 6 to 10 years had

already wheezed at the age of 4 to 5 years. In contrast, 44% of the
children who had wheezed at age 4 to 5 years did not meet the
ISAAC definition of asthma at the age of 6 to 10 years. To evaluate
protopathic bias, we performed sensitivity analysis by adding and
removing the variable wheeze at the age of exposure in all analyses.
This did not show any relevant influence on the results. A recent
study on this subject performed bidirectional longitudinal
analyses and found no association between high PA levels and
asthma in childhood.®* For lung function, this is less clear.
Unfortunately, we have no objective data on long function at time
of exposure, because children were too young to perform
spirometry at that time (ie, 4-5 years). It is possible that children
with lower lung function capacities are (subsequently) becoming
less physically active. Therefore, some level of reverse causation
is not ruled out.

TABLE 3 Asthma and FEV1/FVC in relation to physical activity earlier in childhood

Asthma FEV1/FVC
OR (95% ClI) Adjusted OR (95% CI)* B (95% Cl) Adjusted B (95% CI)¢
Questionnaires n=1838 n=485

Physical activity®
Screen time®

Accelerometry

Total activity, cpm®

Time in sedentary PA?

Time in MVPA®

1.13 (0.95 to 1.34)
1.10 (0.99 to 1.23)
n=301

1.00 (0.99 to 1.00)
0.72 (0.39 to 1.32)
0.87 (0.22 to 3.51)

1.07 (0.90 to 1.27)
0.98 (0.77 to 1.23)

1.00 (0.99 to 1.00)
0.75 (0.37 to 1.52)
1.11 (0.25 to 4.98)

-0.08 (-0.16 to 0.00)
-0.07 (-0.20 to 0.05)
n=62

0.00 (-0.00 to 0.00)
-0.32 (-0.64 to 0.00)
-0.03 (-0.90 to 0.83)

-0.08 (-0.16 to 0.01)
-0.09 (-0.22 to 0.05)

0.00 (-0.00 to 0.00)
-0.65 (-1.06 to -0.24)
0.10 (-0.91 to 1.11)

Note: OR and 95% ClI for asthma in relation to PA earlier in childhood. 8 (B) and 95% CI for FEV1/FVC (in z scores) in relation to physical activity.

Abbreviations: BMI, body mass index; Cl, confidence interval; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; MVPA, moderate to

vigorous physical activity; OR, odds ratio; PA, physical activity.

#Adjusted for sex, birth weight, smoking during pregnancy, environmental tobacco smoke, atopic family history, maternal education level, maternal age,
maternal BMI, breastfeeding, recruitment group, wear time (in accelerometry data). (Sensibility analyses for wheeze and BMI did not show significant

differences, results not shown).

®Hours per day engaging in physical activity: walking or cycling to school, school gymnastics, sports club, and playing outside.

PHours per day watching television or playing computer games.

“Total activity measured by accelerometry on average daily counts per minute (cpm).
4Time in activity level sedentary physical activity, converted to hours per day for reasons of comparability.
®Time in activity levels MVPA (sum of time in moderate physical activity and time in vigorous physical activity), converted to hours per day for reasons of

comparability.
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Another limitation of this study is that although the acceler-
ometer used (ActiGraph 7164) has established validity and
reliability for assessing PAS32 it is less suited for measuring
sedentary activity. The accelerometer underestimates activities
such as bicycling, because of its uniaxial measurement. Moreover,
it is not possible to measure the posture of the child (sitting,
lying,
triaxial accelerometers worn on the thigh for assessing sedentary

standing up). More recent literature advises to use
behavior.3

To our knowledge, the finding of an association between
sedentary activity and FEV1/FVC later in childhood has not been
reported before. In cross-sectional studies, no association between
PA and lung function was found in nonasthmatic children,®* nor in
exercise studies in asthmatic children.” Most studies focused on
PA levels and asthma found no significant association.”3 It could
be possible that contrasting results are caused by different
methods to measure PA. This study suggests that sedentary
activity possibly is a more important factor in developing asthma
than high PA levels, which is consistent with earlier studies on
sedentary activity.?®3 It should be noted that our results were
based only on a small sample (n =62) from the whole cohort with
both accelerometry and lung function measurements available,
warranting replication in larger groups.

For future research, it is important to focus on PA and especially
sedentary behavior and subsequent asthma and lung function
development in (larger) longitudinal studies, taking into account

protopathic bias, to prove causality.
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