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ABSTRACT
Children with congenital heart disease (CHD) are at risk for both
COVID-19 and secondary cardiovascular outcomes. Their increased
cardiovascular risk may be mitigated through physical activity, but
public health measures implemented for COVID-19 can make physical
activity challenging. We objectively measured the impact of the COVID-
19 pandemic on physical activity, continuously measured by Fitbit step
counts, in children with CHD. Step counts were markedly lower in late
March and early April 2020, compared with 2019 and early March
2020. It is vital to understand how precautions for COVID-19 will affect
the health of children with CHD, especially if they persist long term.
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R�ESUM�E
Les enfants atteints d’une cardiopathie cong�enitale (CC) sont expos�es
au risque de la COVID-19 et à des issues cardiovasculaires second-
aires. L’augmentation de leurs risques cardiovasculaires peut être
att�enu�ee par l’activit�e physique, mais les mesures de sant�e publique
mises en place dans le contexte de la COVID-19 peuvent rendre diffi-
cile la pratique de l’activit�e physique. Nous avons �evalu�e de manière
objective les r�epercussions de la pand�emie de la COVID-19 sur
l’activit�e physique, mesur�ee en continu par le compte-pas Fitbit, chez
les enfants atteints de CC. À la fin de mars et au d�ebut d’avril 2020, le
nombre de pas �etait nettement inf�erieur à 2019 et au d�ebut de mars
2020. Il est essentiel de comprendre comment les mesures
pr�eventives mises en place dans le contexte de la COVID-19 nuiront à
la sant�e des enfants atteints de CC, particulièrement si la situation
persiste à long terme.
There are minimal data available about COVID-19 in chil-
dren, especially those with underlying medical conditions who
are at increased risk of severe infection. The April 6, 2020,
report from the Centers for Disease Control and Prevention
COVID-19 Response Team showed that children with un-
derlying medical conditions represent 23% of the total pedi-
atric COVID-19 cases and 77% of those hospitalized.1 In
addition to this increased COVID-19 risk common to chil-
dren with underlying medical conditions, those with
congenital heart disease (CHD) are known to be at higher risk
of secondary cardiovascular outcomes long term.2,3 Physical
activity is a modifiable risk factor that is particularly important
for this high-risk population.4 The impact of public health
measures on vulnerable populations, such as children with
CHD, is important to quantify. The duration of the public
health measures is unknown but may last for a year or more.
Data about collateral health impacts are needed to help inform
policy makers about the pros and cons of such measures as the
epidemiology of COVID-19 evolves.

Physical activity is important for cardiovascular health as
well as general health and quality of life, especially in patients
with CHD.4 During the COVID-19 pandemic, physical ac-
tivity may be even more crucial, especially for at-risk groups,
owing to its physical and mental health benefits.5,6 Unfortu-
nately, because of public health orders, recommendations to
stay at home, school and park closures, and self-isolation by
high-risk groups, it is more challenging than usual to continue
normal physical activity patterns.5,6 In addition, because of
patient and family concern about CHD children being
particularly vulnerable, their social isolation and physical
inactivity may be exacerbated more than the general pop-
ulation’s. To date, there are no objective data to demonstrate
how physical activity patterns in children with CHD may
have changed due to COVID-19, or what impact this may
have on these patients’ health over the short and long terms.

In the present study, we aimed to quantify the change in
physical activity observed during the early phase of the
COVID-19 pandemic in children with CHD.
Methods
Data were collected as part of an ongoing prospective

cohort study in children with moderate to severe CHD. The
ll rights reserved.
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study was approved by the University of British Columbia
Research Ethics Board (no. H17-01233). Children aged 9-16
years with coarctation of the aorta (COA), tetralogy of Fallot
(TOF), transposition of the great arteries (TGA), or Fontan
circulation (FON) were recruited from April 2017 to March
2020 at the British Columbia Children’s Hospital (BCCH)
Heart Centre in Vancouver or partnership clinics throughout
British Columbia and the Yukon. BCCH is the only pediatric
tertiary hospital for the province, and almost all patients with
CHD in BC are followed in one of these settings. Participants
were provided a Fitbit Charge 2 (Fitbit, San Francisco, CA),
and were asked to wear and sync the device regularly for 24
months. Wristband size and placement were in accordance
with manufacturer guidelines. Fitbit data were collected and
managed with the use of Research Electronic Data Capture
(REDCap) tools hosted at BCCH.7,8 Fitbit data were
autoexported to REDCap with the use of the application
programming interface.

In the absence of any consensus on wear time validation for
commercial trackers in children, we considered a day to be
valid if they had at least 1000 steps. Weekly (Monday-Sun-
day) step counts were calculated by averaging the step counts
from all the valid days of each week. We have previously
validated this device for quantifying physical activity in chil-
dren with CHD.9 We defined meeting physical activity
guidelines as having � 12,000 steps per day.9,10 Step count
data were taken from the beginning of 2020 to April 5 and
compared with corresponding weeks in 2019.

Descriptive statistics (n [%] or mean � SD) were calcu-
lated for applicable variables. Distributions of continuous
variables were assessed visually. The “lowess” function in R
was used to generate a physical activity lines of best fit from
the Fitbit step counts. Between-week differences were assessed
via 1-way analysis of variance (with post hoc Bonferroni
correction). Student t tests were used for continuous variables
and chi-square tests for categoric variables. All analyses were
performed in R (v. 3.6.3) using R Studio (v. 1.1.463), and
significance was set at P < 0.05.
Results
A total of 109 children had valid data during the mea-

surement periods; 56 participants had valid data available for
both the 2019 and 2020 periods, 83 had valid data for the
2019 period (age 13.0 � 2.3 years, 48 [57.8%] male), and 82
for 2020 (age 13.2 � 2.3 years, 43 [52.4%] male). There were
no significant differences in participant characteristics between
the 2019 and 2020 groups; overall data are presented in
Table 1.

In both 2019 and 2020 there was a slight trend toward
increasing step counts from January through early March
(Fig. 1). Step counts in matched weeks were not significantly
different between the groups until the last week of March
(week 13; P ¼ 0.025) and the first week of April (week 14;
P ¼ 0.010); both were significantly lower in 2020 (Table 1;
Fig. 1). Weekday mean step counts differed from 2019 to
2020 (P ¼ 0.015 [week 13] and P ¼ 0.001 [week 14]),
although weekends did not (P ¼ 0.427 [week 13] and
P ¼ 0.608 [week 14]).

All mean step counts were < 12,000 (Canadian physical
activity guidelines equivalent) in both 2019 and 2020.9,10
Boys had higher step counts than girls; no significant time-
sex interactions were observed (Supplemental Fig. 1).

In 2020, step counts began to decrease around March 11,
when the World Health Organisation declared the COVID-
19 outbreak a pandemic (Fig. 2). A significant reduction in
step counts occurred from the week of March 9 (week 11;
10,329 � 3958 steps) to the weeks of March 23
(week 13, 6474� 3468 steps; P< 0.001) andMarch 30 (week
14, 7569 � 4742 steps; P ¼ 0.021). This significant decline
occurred after British Columbia’s declaration of a public health
emergency, implementation of 2-metre physical distancing,
and suspension of K-12 schools (March 17). It began during
Spring Break (March 16-27 for most BC schools), and per-
sisted into week 14.
Discussion
During the early phase of the COVID-19 pandemic in

Canada, children with CHD had a decline of 21%-24% of
their overall daily step counts. This reduction was likely due to
COVID-19 measures and not Spring Break. Step counts
during weeks 12 and 13 (corresponding to Spring Break in
both 2019 and 2020) were reduced in 2020 only, and this
reduction persisted into April. Step counts throughout the
study period were < 12,000 per day (approximation of the
Canadian physical activity guidelines).9,10 This was unsur-
prising given that only one-third of Canadian children, and
only 25% of those with CHD, meet the guidelines.11,12

Therefore, reduced physical activity due to COVID-19 may
not have severe long-term health impacts if the implemented
measures to prevent a catastrophic pandemic are reasonably
brief. However, it will be important to understand and model
the long-term impact of significantly reduced physical activity
on health for these patients should the present approach need
to be maintained for months, as indicated by Prime Minister
Trudeau on April 8, 2020.13 These children are already at
increased cardiovascular risk and physical inactivity which has
many other negative health consequences (eg, bone health,
motor skill development, body composition) that warrant
consideration when making future public health decisions.4,14

The impact of reduced physical activity on this population
will depend on the duration of measures and the magnitude of
reduction, so careful monitoring is required.

In addition to potential negative impacts on physical and
cardiovascular health in this already at-risk population,
mental health impacts of reduced physical activity must be
considered. Physical activity is an important coping mech-
anism during the significant disruptions to normal routine
caused by COVID-19.6 In children with CHD, this is
particularly important, because they may have already had
lower quality of life than their healthy peers before
COVID-19, and physical activity has been associated with
quality of life in children with CHD.15,16 Therefore, it is
necessary to evaluate the change in physical activity patterns
due to COVID-19 and their potential long-term impacts
on both the physical and the mental health of this high-risk
cardiac population.

Moving forward, it will be important to consider how these
children and their families may adapt to the public health
precautions and resume higher levels of physical activity. If
this is possible, or could be with appropriate intervention,



Table 1. Patient demographics and Fitbit step counts

Variable 2019 2020 P value

N 83 82 0.938
Age 13.0 � 2.3 13.2 � 2.3 0.711
Male 48 (58%) 43 (52) 0.589
Diagnosis 0.983

Coarctation of the aorta 21 (25%) 22 (27%)
Tetralogy of Fallot 23 (28%) 22 (27%)
Transpositon of the great arteries 17 (21%) 18 (22%)
Fontan circulation 22 (27%) 20 (24%)

Step counts
Week 1 (n ¼ 46) 7598 � 3345 (n ¼ 59) 7564 � 3838 0.961
Week 2 (n ¼ 51) 9130 � 3042 (n ¼ 60) 9300 � 4187 0.806
Week 3 (n ¼ 58) 8880 � 3494 (n ¼ 58) 8057 � 3683 0.220
Week 4 (n ¼ 49) 9026 � 2860 (n ¼ 54) 9287 � 4237 0.712
Week 5 (n ¼ 48) 8969 � 3561 (n ¼ 49) 9479 � 4259 0.523
Week 6 (n ¼ 49) 8732 � 3008 (n ¼ 53) 9459 � 3941 0.295
Week 7 (n ¼ 48) 9147 � 3705 (n ¼ 53) 8953 � 4162 0.805
Week 8 (n ¼ 52)8550 � 3095 (n ¼ 59)9447 � 4095 0.193
Week 9 (n ¼ 57) 9154 � 3253 (n ¼ 59) 9635 � 3616 0.452
Week 10 (n ¼ 58) 9924 � 3676 (n ¼ 63) 10,079 � 3930 0.823
Week 11 (n ¼ 54) 10,098 � 3752 (n ¼ 61) 10,329 � 3958 0.749
Week 12 (n ¼ 48) 9008 � 4110 (n ¼ 53) 8048 � 4162 0.244
Week 13 (n ¼ 51) 8240 � 4297 (n ¼ 50) 6474 � 3468 0.025*

Weekday 8409 � 4143 6417 � 3442 0.015*
Weekend 8338 � 4830 7540 � 4161 0.427

Week 14 (n ¼ 61) 10,005 � 4544 (n ¼ 43) 7569 � 4742 0.010*
Weekday 10,657 � 4404 7362 � 4419 0.001*
Weekend 9239 � 5298 8508 � 8801 0.608

Results are reported as n (%) or mean � SD. Weeks run Monday to Sunday. Week 1 in 2019 began on December 31, 2018, and in 2020 on December
30, 2019.

* Significant difference.
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then long-term negative health impacts due to reduced
physical activity could be avoided. From January through
early March 2019 and 2020, step counts are similar and
increasing. Later in March 2020, step counts were signifi-
cantly lower than in 2019, despite seasonal match between the
cohorts. It appears that this reduction was driven by reduced
weekday step counts, likely reflecting COVID-19erelated
disruptions to parents’ and children’s routines (work, school,
extracurricular activities). Week 14 step counts, though still
lower than 2019, suggest a slight increase in physical activity
from the previous week, which may reflect expected spring-
time increase in physical activity or adaptive measures taken
by families as COVID-19 measures continued.17 The objec-
tive measurement of physical activity in this study provides
the basis for future investigation of the long-term impacts of
reduced physical activity during COVID-19 and how best to
mitigate these. It will provide baseline data to investigate the
necessity and effectiveness of supports for physical activity
during and after the pandemic. This may provide an oppor-
tunity to assist children with CHD and their families in
developing life-long physical activity habits that are less reliant
on external factors (eg, school, extracurricular physical activ-
ities), which are currently cancelled but normally contribute
to physical activity levels in school-age children.18 Physical
activity monitoring throughout the COVID-19 pandemic
and after will permit better understanding of the adaptability
of children with CHD and their families, and may help
generate and test hypotheses about individual- and family-
based physical activity interventions.

To our knowledge, this is the first study to report change
in objectively measured physical activity in response to
COVID-19 and associated precautions. A key strength of this
study is the longitudinal data capture enabled by using Fitbits
and the comparison data from both 2019 and early 2020.
The main limitation to the study is that we used a single
method to quantify physical activity and as such it is limited
to only physical activity patterns indicated by step counts,
which do not reflect physical activity mode or intensity. A
second limitation is the lack of healthy control comparison
data, which were unavailable owing to the nature of the
ongoing cohort study limited to children with CHD.
Therefore, the generalizability of these data to healthy chil-
dren may be limited.

This study provides important objective physical activity
data in children with CHD, which will allow for future
modelling of the potential impacts of COVID-19 on physical
activity, and subsequently health, depending on the duration
and nature of public health measures going forward. Future
studies will be needed to model these impacts and explore
potential strategies for mitigation. Continuous physical ac-
tivity monitoring data during this pandemic provides unique
insight about the impact of COVID-19 and public health
precautions on daily habits of children with CHD, which will
hopefully inform clinicians about potential health impacts and
help in developing interventions if necessary, both during the
pandemic and in the future.
Conclusion
There is a paucity of pediatric COVID-19 data, specifically

among children with underlying medical conditions, including
CHD. Clinicians, policy makers, and other stakeholders need



Figure 1. Weekly Fitbit step counts in 2019 and 2020. Weeks run Monday to Sunday. Week 1 in 2019 began on December 31, 2018, and in 2020
on December 30, 2019. Dots (blue ¼ 2019; orange ¼ 2020) indicate individual participants’ weekly average step counts, lines show the line of
best fit for each year, and shading indicates the standard error. The red dashed line indicates 12,000 steps, which approximates the Canadian
physical activity guidelines (60 minutes per day of moderate-to-vigorous physical activity).9,10 Weekly step counts were significantly lower in 2020
than in 2019 in weeks 13 (March 23-29, 2020; P¼ 0.03) and 14 (March 30-April 5, 2020; P¼ 0.01). Weekly step counts for weeks 13 (P< 0.001)
and 14 (P ¼ 0.02) in 2020 were also lower than week 11 (March 9-15, 2020) of the same year. *P < 0.05; **P < 0.001.
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to consider the potential long-term and indirect health impacts
of public health precautions in response to COVID-19. Chil-
dren with CHD have significantly reduced physical activity
compared with before the pandemic. The short- and long-term
Figure 2. Daily Fitbit step counts and important COVID-19erelated dates in 2
line shows the line of best fit, and shading indicates the standard error. Th
Canadian physical activity guidelines (60 minutes per day of moderate-to-vigo
related to COVID-19: March 11, World Health Organisation declared pandem
ordered physical distancing, and suspended K-12 schools.
health impacts of this cardiovascular risk behaviour change have
not yet been elucidated and are in part dependent on the
duration of the healthmeasures and any action taken tomitigate
the adverse effects of these measures.
020. Dots indicate individual participants’ daily step count, the black
e blue dashed line indicates 12,000 steps, which approximates the
rous physical activity).9,10 The vertical red lines show important dates
ic; March 17, British Columbia declared a public health emergency,
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