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Abstract

Objective: The aim was to evaluate the impact of the COVID-19 lockdown on physical activity (PA) and asthma symptom
control in children.

Methods: We conducted a single-cohort observational study on 22 children with a median age of 9 (8-11) years with a
diagnosis of asthma being included in the study. Participants were asked to wear a PA tracker for 3 months; during the
same 3-month period, the Paediatric Asthma Diary (PAD) was administered daily and the Asthma Control (AC)
Questionnaire together with the mini-Paediatric Asthma Quality of Life (AQoL) Questionnaire administered at weekly intervals.

Results: Compared with the pre-lockdown period, there was a significant reduction in PA levels after the lockdown began.
Daily total steps reduced by about 3000 steps (p<0.001), very active minutes by 9 min (p<0.001) and fairly active minutes
almost halved (p<0.001); while asthma symptom control marginally improved, with the AC and AQol score improving by
0.56 (p<0.005) and 0.47 (p<0.05), respectively. Further, for those with AC score higher than 1, PA was positively associated
with asthma control both before and after the lockdown.

Conclusions: This feasibility study suggests that PA engagement of children with asthma is negatively affected during the
pandemic, but the beneficial effect of PA on asthma symptom control potentially sustains even during a lockdown period.
These findings emphasize the importance of wearable device to monitor longitudinal PA and thus better management of PA
for achieving the best outcome of asthma symptom control.
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Introduction . . .
Some studies report that children with asthma are more

Asthma is the most common long-term condition among chil- likely to accumulate fewer than 30 min of activity per

dren globally," and UK has the highest prevalence rates of
asthma symptoms in children worldwide,” with more than

one million children suffering from asthma.? Effective paedi-
atric asthma management is important given asthma is a
common reason for urgent admission to hospital in children.**
According to the National Institute for Health and Care
Excellence (NICE), a key component to asthma management
is participation in regular physical activity (PA) alongside
activities such as medication adherence.’

When comparing PA levels in children with asthma with
children without asthma, there is contradictory evidence.
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day.® This might be because childhood symptoms of asthma
negatively interfere with PA involvement.” In contrast, a
meta-analysis of accelerometer data revealed an overall
mean difference of 0.01 activity counts per minute in chil-
dren and adolescents.® Despite the mixed evidence-base,
the potential reasons why activity may be lower in children
with asthma are much clearer. As an example, caregivers can
perceive PA as a threat rather than a beneficial activity by
misinterpreting a child’s breathlessness.” More than one in
three parents impose restrictions on their child’s PA involve-
ment'® and more than 60% of parents explicitly declare their
child’s health as a barrier to doing exercise.'' By monitoring
PA levels in children with asthma, it is possible to evaluate
the relationship of PA with asthma control, and whether
there may be an optimal level of PA to keep asthma under
control. Therefore, monitoring of PA in parallel to asthma
indicators is warranted to help promote PA participation in
children with asthma.

Monitoring of behaviour alongside asthma symptoms is
increasingly common. Van der Kamp and colleagues
revealed that asthma symptoms could be accurately
assessed at home by combining parameters from spirom-
etry, a PA tracker and electrocardiography device.'?
Another study analysed wearable data on PA and sleep
and demonstrated associations with asthma symptoms and
that, together, this information could inform a tailored
asthma management plan.'* Within the COVID-19
context, van der Kamp emphasizes at-home monitoring
suitably complementing existing healthcare given the
potential for tailoring.'*

During the COVID-19 pandemic, opportunities for chil-
dren to meet PA guidelines were negatively affected.
Notably, government-enforced measures such as physical
distancing and school closures had a part in this.
Evidence to date has suggested children went to bed later
and woke up later, while screen time increased and activity
levels were very low.'>'® Across the whole population, a
systematic review highlighted clear changes in PA and sed-
entary behaviour.'” Longitudinal monitoring of PA and
asthma symptoms spanning before the implementation of
‘stay at home’ in the UK into the first few weeks of a
national lockdown could reveal important patterns about
PA, asthma control/symptoms and asthma-related quality
of life. Hence, the aim of this study was to evaluate the
impact of the pandemic lockdown on PA and asthma
symptom control with a wearable activity tracker and
online survey data, specifically, to analyse the association
of PA and asthma control in children comparing a period
of regular PA and a period of forced reduced PA.

Methods

The methods are written in accordance with the ‘strengthen-
ing the reporting of observational studies in epidemiology’
(STROBE) guidelines.

Study design and governance

A longitudinal observational study involving children with
asthma was conducted. The study was originally planned to
investigate the feasibility of wearable trackers to motivate
children in asthma to be more active, but the COVID-19
pandemic impacted our ability to deliver this study. In
response, we conducted the original study as planned but
instead used the data to analyse the impact of the pandemic
lockdown on PA and asthma symptom control in children.
Ethical approval was approved by the Central University
Research Ethics Committee at the University of Oxford
(R42332/RE001). We sought assent from all participants,
and written informed consent from the child’s parents or
guardians to take part. Participants and parents/guardians
were informed that they could withdraw from the study at
any time without providing a reason.

Study size

A target of 30 children was implemented for the study. Due
to COVID-19 and the national lockdown in the UK prevent-
ing further in-person baseline visits, recruitment ceased at 22
participants. Participants took part in the Fitbit intervention
for three months before completing four weeks’ follow-up.

Participants and recruitment

All participants were aged 6—14 years old, self-reported a
diagnosis of asthma, and without having experienced an
asthma attack in the preceding year. Participants must have
been living in Oxfordshire or London and had access to a
smartphone compatible with the Fitbit application (app) to
be eligible to take part (e.g. parent’s or guardian’s smart-
phone). Recruitment took place from January 2020 to
March 2020, and data was collected during January 2020
to June 2020. Baseline visits occurred at the University of
Oxford with subsequent data collection continuing remotely
via wearables, smartphones and online surveys.

Participants were recruited using convenience sampling.
Acumen, a professional recruitment company in the UK,
was used to identify potentially eligible participants from
their database. Individuals interested in taking part were
screened for eligibility by the recruitment company by tele-
phone or email. If eligible, these individuals were booked in
for their in-person baseline visit with the research team. All
participants were incentivized to take part using a £150
voucher and getting to keep the Fitbit after the study
period ended.

Self-monitoring PA with wearable tracker

The participants monitored their PA using a wrist-worn wear-
able activity tracker (Fitbit Inspire HR). The Fitbit Inspire HR
is a slim fitness tracker that can track step count and detect
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exercise (with accelerometer), in addition to monitor heart rate
(with optical sensor). Its battery life is about one week.
Smartphones of the parent/caregiver to the participant were

Table 1. Demographic and baseline clinical characteristics of the
subjects.

Age (years) 9 (8-11)
Gender
Male 16 (72.7%)
Female 6 (27.3%)
Home life
Single parent 9 (40.9%)
Both parents 13 (59.1%)
Diagnosis length (years) 4.8 (3.4%)
Asthma severity
Mild intermittent 3 (13.6%)
Mild persistent 9 (40.9%)
Moderate persistent 9 (40.9%)
Severe persistent 1 (4.5%)
Asthma attacks and hospitalizations in the 6
months preceding participation
Number of asthma attacks 1(0-2)
School days missed due to asthma 1 (0-5)
Times of hospital visit 1(0-2)
Times of hospital admission 0 (0-1)
Asthma medication regimen
Preventer inhaler 19 (86.4%)
Reliever inhaler 19 (86.4%)
Long-acting reliever inhaler 2 (9.1%)
LTRA tablet 5 (22.7%)
Long-term steroid tablet 1 (4.5%)
Add-on therapy (e.g. theophylline) 1 (4.5%)

used to set up each Fitbit and a researcher-held Gmail
account was used to enable the research team to access the
Fitbit data syncing to Fitabase. After consenting to participate,
each participant received a Fitbit tracker. The parents or guar-
dians of the participants were supported in installing the Fitbit
app, synchronizing the device to their app with connection to
the designated Fitbit account. The participants were asked to
wear the Fitbit for three months, from morning until bedtime.
Three months was chosen to allow for longitudinal monitoring
to enable patterns of health and behaviour to be revealed.
Parents/guardians were encouraged to synchronize the data
from the Fitbit to the Fitbit app once a day to minimise data
loss. During the 3-month period, there were no planned remin-
ders butif participants had more than a week without registered
activity (e.g. due to lack of any synchronization), the research
team contacted the parents/guardians by text message to check
there were no technical issues. Participants were asked to set an
appropriate activity goal via the app.

Procedures

All participants completed a baseline questionnaire, which
collected information about the participant’s age, gender,
asthma diagnosis (including years since diagnosis and
severity), prescribed asthma medication, quality of life,
and PA levels. During the 3-month data collection period,
participants were asked to complete the Paediatric Asthma
Diary (PAD) every day and the Asthma Control (AC)
Questionnaire and mini-Paediatric Asthma Quality of Life
(AQoL) Questionnaire every week using a Google Form.
Higher scores for PAD and AC reflected worse asthma
symptom control and higher scores for the AQoL indicated
better quality of life. Reminders by text message were sent
to participants when their responses were not provided
within a week of the due date. After this 3-month period,
participants were asked to complete the International
Physical Activity Questionnaire at 1-week, 2-weeks and
4-weeks follow-up. Minute-level PA was collected via the
Fitbit tracker, with support from Fitabase. These data
included step count, heart rate and activity intensity deter-
mined by a proprietary algorithm from Fitbit. Paper-based
forms were stored securely at the University of Oxford in
a locked cabinet.

Data analysis

The analysis was undertaken with Python 3.8. The data
from each participant was identified with a subject ID.
Subjects who provided >40% missing data over the
three months (i.e. more 5 out of 12 weeks) were excluded
from the analysis. For each participant, each calendar day
was characterized by PA metrics including Fitbit-derived total
number of steps, total distance, ‘very active’ distance, ‘moder-
ately active’ distance, ‘lightly active’ distance, ‘very active’
minutes, ‘fairly active’ minutes, ‘lightly active’ minutes, and
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Table 2. Response rate and available data at study time points.

Paediatric Asthma Diary =
Asthma Control Questionnaires 22 participants (100%)?
Asthma Quality of Life Questionnaire 22 participants (100%)®
Physical Activity Questionnaire 22 participants (100%)?
Wearable Tracker Adherence =

a Out of a possible 22 individuals.

1501 responses (75.8%)°
197 responses (74.6%)° -
197 responses (74.6%)° -

= 64 of 66 responses (97%)

1393 of 1980 days (70.35%) -

b Out of a possible 1980 diaries (calculated by 22 individuals each completing 90 diaries).
¢ Out of a possible 264 questionnaires (calculated by 22 individuals each completing 12 weekly questionnaires).

sedentary minutes, and PAD score (evaluating daily asthma
control), where different kinds of ‘active’ distance/minutes
denote distance/time spent performing moderate to vigorous
PA defined by Fitbit’s proprietary algorithm; and each week
was characterized by weekly average PA metrics, AC score
and AQoL score.

Median (IQR) of number of steps, distance, minutes in PA
per day, as well as PAD per day, AC and AQoL score per
week for the entire period were calculated for each subject
and then averaged for all the subjects before and after the
lockdown (lockdown implemented on 24™ March 2020).
Scatter plots were used to depict the relationship between
PA metrics and AC evaluation scores. We used second-order
polynomial model to fit the data of PA metrics with AC and
AQoL scores. Wilcoxon sign-ranked test at 0.05 significance
level was conducted to determine differences between the
metrics and scores before and after the lockdown.

Results

A total of 22 children with asthma provided data between
10 January 2020 and 19 June 2020, covering the period
of the first lockdown (24™ March 2020 to 19™ April
2020) during the COVID-19 pandemic in the UK. The char-
acteristics of the subjects are listed in Table 1, with data
concerning participant compliance to completing the
diaries and adhering to wear the activity tracker presented
in Table 2. We excluded 8 participants from the initial
sample of 22 participants for the analysis of PA before
and after the lockdown, because seven of the eight had a
compliance rate of PA recording and reported weekly
asthma questionnaire lower than 40%, that is, less than 5
out of 12 weeks, and one subject’s PA data did not cover the
first lockdown as it only reported data prior to it. Among the
14 subjects used for PA analysis, we further removed one
subject for analysing AC and the relationship between PA
and AC, as this subject’s asthma control data did not cover
the period after the pandemic lockdown. Reasons for the

missing data included an absence of synchronisation (leading
to data loss), low adherence to wearing the device and filling
the questionnaire and loss of the wearable tracker.

PA pattern before and after the lockdown

Figure 1 delineated the total steps variations three weeks
before and after the first round of lockdown for one repre-
sentative subject. As can be seen, there was a marked
decrease in ‘very active’ and ‘fairly active’ minutes one
week before and after the occurrence of the lockdown.

Figure 2 shows the PA levels of all participants before and
after the first lockdown in March 2020. It can be observed that
PA levels declined among almost all the participants and to
varying extents.

Table 3 shows the median (IQR) of overall activity levels of
participants before and after the first lockdown (implemented on
24™ March 2020) during the COVID-19 pandemic. Significant
reductions in PA levels were noted after the lockdown began,
compared with the pre-lockdown periods. Specifically, total
steps reduced by ~3500 steps per day, total distance by
2.70 km, very active minutes by 13 min, fairly active minutes
almost halved. Sedentary minutes increased by more than 1.5
hour (around 90 min) but this change was not statistically signifi-
cant (p = 0.24).

Asthma symptom control before and after the
lockdown

With regard to changes in asthma control before and after the
lockdown, Figure 3 portrays the AC and AQoL score variation
of one exemplary individual. As shown, AC score reduced
and the AQoL score increased the week immediately after
the lockdown date which appeared to remain for around 4
weeks before receding towards their initial score.

Figure 4 shows the comparison of AC score before and
after the first lockdown for each participant. Apart from one
participant, AC score reduced after the lockdown.
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Figure 1. Physical active minutes of one representative participant three weeks before and after the first lockdown.
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Figure 2. PA levels of each individual participants before (blue) and after (red) the first lockdown.

Likewise, AQoL score increased for all the participants
except for one or two participants (Figure 5). This pattern
was also observed for the sub-scores of the AQoL, includ-
ing symptom score, emotion score and activity score.

The analysis revealed that asthma symptom control did
not change (Table 4). More specifically, asthma symptom
control marginally improved, with the AC and AQoL
score improving by 0.50 and 0.55 units, respectively, but
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Table 3. Daily physical activity level three weeks before and after the pandemic.

Total steps 8969 (7384-11749

Total distances (km) 6.56 (5.39-8.53)
‘Very active’ distances (km) 1.40 (0.99-2.06)
‘Moderately active’ distance (km) 0.92 (0.72-1.37)
‘Lightly active’ distance (km) 3.91 (3.24-4.69)
‘Very active’ minutes (min) 21.26 (14.15-27.50)
‘Fairly active’ minutes (min) 23.66 (17.70-31.86)
‘Lightly active’ minutes (min) 232.11 (196.16, 282.64)

Sedentary minutes (min) 702.21 (622.83-877.47)

5344 (3353-7332) 0.0 <0.001
3.87 (2.43-5.32) 0.0 <0.001
0.35 (0.12-0.97) 8.0 <0.001
0.35 (0.15-0.66) 0.0 <0.001
2.60 (2.18-2.87) 0.0 <0.001
8.25 (2.02-13.61) 5.0 <0.005
11.24 (3.83-22.04) 4.0 <0.001
194.03 (171.15-212.25) 1.0 <0.001
791.03 (660.42-934.07) 33.0 0.24
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Figure 3. The weekly asthma control (AC) and asthma quality of life (QoL) score of one. Representative individual before and after the first

lockdown.

no significant difference in PAD score before and after the
lockdown.

Association of PA with asthma symptom control

With regard to the association of PA and asthma symptom
control, Figure 6 shows the overall association between the
four PA indicators and the AC score. As shown, there

appears to be two clusters of participants being separated by
the critical value of 1.0 of the AC score, which is at the cross-
over point between ‘well-controlled’ and ‘not well-controlled’.
There are five participants in the ‘well-controlled’ cluster, and
there seems no evident connection between PA indicators and
asthma control score. For the ‘not well-controlled’ cluster,
there is more than 60% of participants in this group, and
there appears to be a distinct relationship between PA and
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Figure 5. Asthma quality of life score of each individual before and after the lockdown.

AC score. In general, the PA metrics are reversely related to
AC score, meaning the more active the child with asthma,
the better their asthma symptom control. Further, by fitting
the curve between those two kinds of variables, we demon-
strated they had an inverted parabolic shape, potentially indi-
cating an optimal PA level corresponding to the best asthma
symptom control condition.

For the ‘not well-controlled’ cluster, we further analyzed
the relationship between PA metrics and asthma score —

including AC score and AQoL score — before and after the
first round of lockdown (Figure 7). As can be observed,
the shape of PA metrics and AC score for both before and
after the lockdown were similar to an inverted parabolic
curve. In particular for those before the lockdown, there
appears to be a turning point where the relationship
between the PA metrics become positively related. Taking
one of the PA metrics — total steps as an example — when
the subjects took <12,000 steps, AC decreased with the
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Table &. Asthma symptom control before and after the first lockdown.

Paediatric Asthma Diary (PAD) Score 2.95 (1.34-4.13) 2.33 (0.83-3.48) 29.0 0.15
Asthma Control (AC) Score 1.44 (1.05-2.17) 0.94 (0.50-1.50) 7.0 <0.005
Asthma Quality of Life (AQolL) Score 4.30 (3.76-5.00) 4.85 (4.50-5.61) 16.5 <0.05
AQol Symptom Score 4.30 (3.30-4.80) 4.67 (4.05-5.60) 14.0 <0.05
AQol Emotion Score 4.67 (4.00-5.11) 4.89 (4.56-6.00) 11.0 <0.05
AQol Activity Score 4.50 (3.89-5.33) 5.00 (4.67-5.56) 16.0 0.13
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Figure 6. The scatter plot of physical activity indicator versus
asthma control score for the overall data.

increase of total steps; whereas for subjects who took more
than 12,000 steps, AC score increased with an increase in
total steps. Likewise, asthma symptom control seemed to
be improved with the increase of PA level after the lockdown
in general; however, the degree is not as significant as
before. And the overall PA levels were reduced for these
subjects after the lockdown as compared with before.

The PA levels and asthma QoL score varied in the same way
before and after the lockdown. As illustrated in Figure 8, asthma
QoL augmented when subjects became more active. The
change seen was similar to that observed for asthma control.
That is, asthma QoL improved with an increase in PA within
a certain scope, and once PA level exceeded the limit, the
asthma QoL score tended to decrease; this phenomenon is
seen in total steps and total distances. Though the PA levels
decreased significantly after lockdown, the variation trends of

Figure 7. The association between physical activity and symptom
control before (blue) and after (red) the 1st lockdown for
participants whose AC score was over one before the lockdown.

asthma QoL with PA levels were almost unanimously consist-
ent with those recorded before the lockdown.

Discussion

We investigated the influence of the first COVID-19 lock-
down in the UK on longitudinal PA, asthma symptom
control and their relationships in children with asthma
with a wearable tracker. Our findings suggest that the lock-
down restrictions had a dramatic impact on both PA levels
and asthma symptom control, and confirms the positive
incidence of being active and asthma control even during
the lockdown period.

Compared with the weeks running up to the first
COVID-19 lockdown in the UK, there was a significant
reduction in the PA levels of children with asthma after
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Figure 8. The association between physical activity and asthma
quality of life (QoL) score before and after the 1st lockdown for
participants whose AC score was over one before the lockdown.

the lockdown. Our findings correspond well to the findings
of a previous study by Stockwell et al.,'> who reported PA
levels decreased during the COVID-19 lockdown across
adults and children. In studies focusing on children, a
study of >1000 participants in Germany revealed that 4—
17 year old children self-reported declines in sports activity
whilst recreational screen time increased.'® This negative
impact was also viewed to a greater extent in the adolescent
participants. Another study in France, comprised >6000
participants who also self-reported reductions in PA
during lockdown.'” These other studies have much larger
sample sizes; however, they are reliant upon self-report dis-
closure and retrospective recall. Having used a wearable
tracker, our findings are helpfully able to demonstrate
device-based PA before and after the implementation of a
lockdown.

The other important finding to this study is that asthma
symptom control and quality of life generally improved
when children with asthma became more active. This is
especially apparent among children whose asthma condi-
tion was not well-controlled (i.e. those with asthma
control score being above 1). For the not well-controlled
group, PA seems to play a useful role in improving the
asthma symptom control and quality of life, but under the
condition that PA level is within a specific range. This
result appears to contradict previous finding reported by
Matsunaga et al.'® who used PA questionnaire as the
measure of PA, and the follow-up study by Kamps
et al.?° that evaluated PA with self-reported PA and seven
days of wearable accelerometer, at the baseline when the
subjects’ asthma was uncontrolled and at the time asthma
control was achieved with a predefined criteria,

respectively. However, the key difference between our
study with these studies is that we evaluated PA with wear-
able tracker continuously for six months instead of at con-
trolled timepoints. That is, we evaluated the cumulative
response but not the status. In addition, PA evaluated by
wearable tracker and questionnaire would result in different
finding. As shown in our study, the PA indicators of the
wearable tracker were significantly lower after the lock-
down compared with before (Table 3), but it showed no dif-
ference in the activity score of the AQoL questionnaire
(Table 4). We also found that when participants were
more active their asthma symptom may have worsened as
a result. For example, when the total steps were over
10,000, the asthma control score increased with increase
of total steps (Figure 6). This indicates that children with
asthma would potentially benefit from taking part in PA
when the degree of participation is within an optimal
scope (in doing so, avoiding any adverse effects on
asthma control).

It is noteworthy also to acknowledge that the small
cluster of well-controlled asthma participants was not as
active as the well-controlled group. Possible reasons
behind this could be that children feel no motivation to be
more active if they have well-controlled asthma.
Motivation alongside time constraints, weather and lower
self-efficacy have all been noted as potential barriers to par-
ticipation in PA.%! On the contrary, it could be due to the
children downplaying their asthma severity to avoid parental
worry. Previous literature suggests that parental perception of
vulnerability of their child due to asthma greatly impacts the
frequency of school absences and visits to the GP.** As the
sample size in this study is limiting, we are unable to untan-
gle this finding. Further research is needed to investigate the
role of asthma control and PA in children disclosing a score
of ‘well controlled’. In addition, under the hypothesis that
there is a positive relationship between PA and asthma
control or asthma quality of life, both asthma control and
asthma quality of life should have worsened after the lock-
down since the subject became less active compared with
before the lockdown. In other words, AC score should
have expected to increase with a decrease in AQoL score
after the lockdown in Figures 7 and 8, but it is the opposite
as shown in Table 4. The reason for this contradiction is
probably that the worsening of the asthma control and
quality of life is counteracted by the improvement of them
because of potential factors such as less virus infections
and reduced pollution during the lockdown.

One limitation of this study is the sample size. The gen-
eralizability of our results is somewhat limited by the small
sample of this pilot study. Though the study was over a pro-
longed amount of time for each individual, we could not
recruit more than 22 subjects due to COVID-19 ceasing
recruitment. Further, approximately 30% of participants
had compliance rate lower than 15%, either for wearing
the trackers or responding to the survey. The second
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limitation is that our analysis only applies to children who
has a mild or moderate asthma condition. Owing to safety
reasons, we only included subjects who had a diagnosis
of asthma that was not too severe. Therefore, our findings
do not necessarily apply to individuals who have more
severe forms of asthma, or to children who have experi-
enced asthma attacks. Lastly, there may exist confounders
affecting the relationship between PA and asthma control
which were not included in our analyses. On the one
hand, other than PA, asthma control in children may also
depend on factors including, sex, age, BMI, living condi-
tion, asthma severity at baseline, rhinitis and medicine
adherence.?>** On the other hand, there may be other
potential confounding factors which might have had
impact on asthma control such as less virus infections and
reduced pollution during the lockdown, which we will con-
sider in our future study and analyse the relationship
between these factors and asthma control with multilevel
regression models.

Conclusions

This feasibility study suggests that the wearable tracker
could enable the continuous and longitudinal collection of
PA data to study the population of children with asthma.
The results show that the PA level of children with
asthma significantly reduced while their asthma control
slightly improved during the pandemic. PA appears to dem-
onstrate a beneficial factor to asthma control and asthma
quality of life to some degree, and this was sustained
during a lockdown period. Further larger studies, in particu-
lar controlled clinical trials, are needed to reduce confound-
ing variables and to further verify the hypothesis that
appropriate level of PA can improve asthma control in chil-
dren at different stages.
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