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Abstract

The COVID-19 pandemic has had devastating direct consequences on the health of affected patients. It has also had a
significant impact on the ability of unaffected children to be physically active. We evaluated the effect of deconditioning
from social distancing and school shutdowns implemented during the COVID-19 pandemic on the cardiovascular fitness of
healthy unaffected children. This is a single-center, retrospective case—control study performed in an urban tertiary referral
center. A cohort of 10 healthy children that underwent cardiopulmonary exercise testing after COVID-19 hospital restrictions
were lifted was compared to a matched cohort before COVID-19-related shutdowns on school and after-school activities.
Comparisons of oxygen uptake (VO,) max and VO, at anaerobic threshold between the pre- and post-COVID-19 cohorts
were done. The VO, max in the post-COVID cohort was significantly lower than in the pre-COVID cohort (39.1 vs. 44.7,
p=0.031). Only one out of ten patients had a higher VO, max when compared to their matched pre-COVID control and was
also the only patient with a documented history of participation in varsity-type athletics. The percentile of predicted VO,
was significantly lower in the post-COVID cohort (95% vs. 105%, p=0.042). This study for the first time documented a
significant measurable decline in physical fitness of healthy children as a result of the COVID-19 pandemic and its associ-
ated restrictions. Measures need to be identified that encourage and facilitate regular exercise in children in a way that are
not solely dependent on school and organized after-school activities.

Keywords Functional capacity - VO, - COVID-19

Abbreviations Introduction

CPET Cardiopulmonary exercise test

VO, max Maximal oxygen uptake The COVID-19 pandemic has had devastating direct conse-
BMI Body mass index quences on the health of affected patients. Furthermore, it
PCR Polymerase chain reaction has also had a multitude of secondary consequences on the
RER Respiratory exchange ratio economy and education. Children were required to attend
EKG Electrocardiogram school remotely for several months and were therefore una-
VE Ventilation ble to engage in their regular school, social, and after-school
VCO, Carbon dioxide production activities including physical education and sports programs.
PETCO, Partial pressure of end-tidal carbon dioxide While the impacts on education have been tremendous, what

has not been evaluated are the equally important poten-
tial implications on the health and cardiovascular fitness
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measures were implemented to contain the spread of the
virus. As an example, in New York City, school closures
were implemented on March 16, 2020 while strict social
distancing measures currently remain in-place. Commercial
gyms were allowed to re-open five months later on August
24, 2020 and public schools began to re-open in New York
City on September 21, 2020 at the beginning of the new
school year. However, this reopening has included a hybrid
model of remote and in-person instruction.

In these large urban areas, the pandemic may have
resulted in a significant reduction in the cardiovascular fit-
ness of children and young adults which could have signifi-
cant long-term implications. Therefore, to better understand
the impact of the COVID-19 shutdown of school and recrea-
tional activities on the cardiovascular fitness of children and
young adults, this study evaluates the exercise performance
of children and young adults 3—6 months into the pandemic
and its associated shutdowns, and compares it to the exercise
performance of a matched cohort before these restrictions
were implemented.

Methods

A retrospective study was performed at a single New York
City urban tertiary referral center located in the middle
of Manhattan, comparing exercise capacity in ten healthy
children and young adults who underwent cardiopulmonary
exercise testing (CPET) on or after the reopening of the exer-
cise laboratory on June 15, 2020 but before the official date
for re-starting school activities in New York City on Sep-
tember 21, 2020, to ten matched controls who underwent
exercise testing prior to the shutdown of the exercise labo-
ratory on March 19, 2020. This study was reviewed by our
Institutional Review Board and deemed exempt.

Primary Objectives

e To compare the functional capacity derived by cardiopul-
monary exercise testing pre-COVID to a matched cohort
several months into the COVID pandemic

Inclusion Criteria

e Any patient that underwent cardiopulmonary exercise
testing after June 15, 2020 (when the cardiology divi-
sion resumed CPET)

e Matched controls were included if the following criteria
were fulfilled (criteria were chosen based on previously
published data on parameters that affect VO, max [2-7])

e Cardiopulmonary exercise testing within the prior
2 years

e Gender

e Age+1 year

e Match by race (Hispanic, White, Black, Asian,
Other)

¢ Body mass index + 10%

e Height and weight: + 10%

e If a perfect match could not be identified, criteria
were expanded to allow the following:

e Age + 2 years
e Match by race:

e Hispanic and whites were considered one
group

e Patients that declined to provide ethnicity
were considered an appropriate match for any
race

e Height and weight:

e One criterion of the two was allowed to extent
to + 15%, provided the BMI was within a +
10% range

e Matching procedure:

e The first matched control was identified by
sequentially screening all CPET from newest to
oldest

e A control that was matched to one patient could
not be matched again to another, even if consid-
ered a perfect match

Exclusion Criteria

e Any significant comorbidity that is expected to affect
cardiopulmonary exercise performance

e Patients with a history of documented COVID-19 infec-
tion (either by antibody serology or PCR) at the time
of stress testing

e Age above 21 years

e Patients undergoing exercise testing at or after official
reopening of schools in New York City (September 21,
2020)

e Patients that do not have a match with adequate match-
ing criteria

¢ Submaximal stress test with respiratory exchange ratio
(RER)< 1.1

e Patients with significant EKG changes during CPET
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e Abnormal baseline echocardiography documenting
either a structural cardiac anomaly, or any abnormal-
ity of systolic or diastolic function

Outcome Parameters and Predictors

This is a retrospective case—control study evaluating for a
possible decline in exercise performance of healthy pediatric
patients following 3—-5 months of COVID-19 restrictions.
The following data were collected:

e Basic demographic data age, gender, height, weight,
BMLI, ethnicity

e C(Clinical data comorbidities, participation in varsity
sports (four or more times a week, participating in com-
petitions), baseline echocardiography

e Stress test data type of test, VO, max (and percent of
predicted VO, max), VO, at the anaerobic threshold,
maximum heart rate (and % of predicted maximum heart
rate), maximum respiratory exchange ratio during exer-
cise, heart rate reserve, VE/VCO,, PETCO,

Stress Test Protocols

All patients underwent cardiopulmonary stress testing in a
single tertiary referral center supervised by the same car-
diologists. In the post-COVID cohort, SARS-CoV-2 PCR
testing was required within 5 days prior to testing and exer-
cise testing included the use of appropriate personal protec-
tive equipment for the staff performing the study. Patients
underwent either a Vancouver protocol [8] or a Bruce pro-
tocol. The Vancouver protocol allowed smaller incremen-
tal changes in the workload, but has the disadvantage of
making blood pressure recordings at faster treadmill speeds
more difficult when compared to the Bruce protocol. Pre-
and post-exercise spirometry were obtained only in selected
patients. Therefore, parameters that depend on a more accu-
rate assessment of spirometry data rather than estimates
(such as the maximal voluntary ventilation and breathing
reserve) are not provided for all patients.

For all patients in this study, stress tests were continued
until patients reached either their maximum predicted heart
rate with an RER > 1.1, or when a deteriorating running form
required discontinuation of the protocol. No patient in this
study required early termination due to concerning clinical
symptoms, EKG changes, or blood pressure abnormalities.

Statistics

Pre- and post-COVID cohorts were compared with regard
to age, height, weight, BMI, gender, ethnic origin, and type
of test performed to identify whether the cohorts are simi-
lar with respect to these variables using a paired ¢ test for
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discrete variables and chi-square test for categorical vari-
ables. The cohorts were also compared for important stress
test parameters to identify whether there were any significant
differences between these two groups relating to the level of
exertion (maximum heart rate, max RER during exercise)
using a two-sided paired f test.

To evaluate whether there was a decline in the post-
COVID cohort for exercise performance, a one-sided paired
t test was used to compare VO, max and VO, at anaerobic
threshold between pre- and post-COVID cohorts.

Results
Patient Cohorts

The exercise laboratory for the division of pediatric car-
diology at Weill Cornell Medicine reopened to perform
CPETs on June 15, 2020 after institutional limitations on
non-urgent procedures were lifted following the COVID-19
surge. Schools in New York began reopening on September
21, 2020, while commercial gyms were allowed to open a
month earlier on August 24, 2020. During the time period
between resumption of CPET testing at our institution and
the reopening of school (June 15, 2020 through September
21, 2020), 22 cardiopulmonary stress tests were performed.
Seven patients had some exclusion criteria to participating
in this study: four patients had congenital heart disease,
one patient had hypertrophic obstructive cardiomyopathy
(HOCM), one patient had a history of COVID-19 infection,
and one patient had a submaximal effort during exercise test-
ing. An additional five patients did not have a patient identi-
fied that fulfilled the matching criteria. Out of the remaining
ten patients, six fulfilled all matching criteria, while four
required the extended criteria.

Clinical Parameters that Impact VO, and VO, Max

Basic demographic and clinical data are listed in Table 1
(and supplemental Tables 1 and 2). There were no significant
differences relating to gender, race, weight, height, BMI,
and procedural indication. The mean age in the post-COVID
cohort was slightly higher than in the pre-COVID cohort
(15.2 vs. 14.5 years, p=0.025). Out of 20 patients, only
one had a clear documentation of exercising more than four
times a week at a competitive level. The most common indi-
cation for CPET was chest pain (7/20), followed by electro-
physiological indications such as Wolff—Parkinson—White
(WPW), borderline prolonged QT interval, palpitations,
supraventricular tachycardia (5/20), and shortness of breath
(5/20). Additional indications included (pre)syncope (3/20).

Four out of the ten patients in the pre-COVID cohort
underwent CPET using the Vancouver protocol, while all
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Table 1 Basic demographic and clinical data Table 3 CPET exercise performance data
Pre-COVID Post-COVID p value Pre-COVID Post-COVID p value

Gender VO, max 44.7 (£7.7) 39.1 (£5.2) 0.031

Male 4 4 1.0 VO, max % predicted 105 (£ 14.2) 94.6 (+10.4) 0.042

Female 6 6 Anaerobic threshold 24.6 (+5.5) 21.5 (x4.1) 0.082
Race

White 9 6 0.23

Hispanic 2 activities, exercising more than four times a week at a com-

Unspecified 0 2 petitive level (and continuing to do so during the COVID-
Age (years) 14.5 (£3.2) 152 (£3.2) 0.025 related shutdowns). The percentile of predicted VO, was sig-
Height (inches) 66 (+5.2) 66 (+£6.4) 0.78 nificantly lower in the post-COVID cohort (95% vs. 105%,
Weight (Ibs) 128 (£30.5) 131 (£34.1) 0.44 p=0.042). There was a trend for the anaerobic threshold to
BMI (kg/m’) 202 (£2.6) 20.9 (£2.9) 0.11 be lower in the post-COVID cohort, even though it did not
Indication reach statistical significance (21.5 vs. 24.6, p=0.082).

Chest pain 4 3 0.83

SOB 2 3

(Pre) syncope 2 1 Discussion

EP indication 2 3
EP Electrophysiology This study has documented a significant decrease in func-

patients in the post-COVID cohort were tested using the
Bruce protocol. There were no significant differences in
important cardiovascular and pulmonary data such as max-
imum heart rate, percentage of predicted maximum heart
rate, RER at peak exercise, heart rate reserve, VE/VCO,,
and PETCO, between the pre-COVID and the post-COVID
cohorts (Table 2, Supplemental Table 3a, b).

Assessment for a Decline in Exercise Performance

Results of exercise performance are listed in Table 3 (and
Supplemental Table 4). The VO, max in the post-COVID
cohort was significantly lower than in the pre-COVID cohort
(39.1 vs. 44.7, p=0.031). In fact, only one patient out of
ten had a higher value in the VO, max when compared to
matched pre-COVID controls. This was the only patient
with a documented history of participation in varsity-level

Table 2 Basic CPET data

Pre-COVID Post-COVID  p value

CPET protocol

Bruce 6 10 0.025

Vancouver 4 0
Maximum HR (bpm) 195 (+8.4) 195 (+9.8) 0.95
% of predicted max HR 94.6 (+3.6) 94.7 (£3.3) 0.95
RER at VO, max 1.28 (+0.08) 1.31 (=0.1) 0.41
Heart rate reserve (%) 4.8 (+3.4) 5(x3.7) 0.91
VE/VCO, 31.9 (£3.8) 31.7 (£3.7) 0.89
PETCO, 37 (x1.7) 38.1(x1.5) 0.37

tional capacity and anaerobic threshold when comparing a
post-COVID cohort to matched pre-COVID controls. In fact,
there was only one out of ten paired patients in whom the
VO, in the post-COVID patient was higher than their pre-
COVID control. Also, this was the only patient out of twenty
with a clearly documented history of competitive varsity-
type sports activity (dancing) that was also continued during
the COVID-19-related shutdowns. There were no significant
cardiovascular or pulmonary differences between the two
groups that could account for the differences observed.

This study has for the first time documented a measurable
effect of the COVID-19 pandemic on the exercise capac-
ity of healthy children, as reflected in the decline of VO,
max. SARS-CoV-2 has had a devastating effect on patients
directly affected by the virus but there are also indirect
effects on society as a whole due to social distancing meas-
ures and school-related shutdowns. Children and their need
for exercise have not been spared by the effects of these
measures. While adults are often accustomed to independent
exercise, the majority of children receive their main expo-
sure to exercise through school and recreational activities,
as well as important social activities such as summer camps
during school breaks. A study by Drake et al. showed that
participation in team sports was inversely related to being
overweight/obese in high school students [9]. All of these
activities have been extremely restricted during the COVID-
19 pandemic. In a Canadian study, it was found that only
4.8% of children were meeting the movement behaviors
guidelines during the COVID-19 pandemic [10]. Replac-
ing these activities with safe alternatives in the setting of
the COVID-19 pandemic is essential to promoting healthy
habits while reducing the risk for obesity from a sedentary
lifestyle.
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At a young age, foundations are often laid for developing
healthy long-term behaviors. An expert panel convened by
the American Academy of Pediatrics in 2011 reported that
there is “reasonably good evidence” that physical activity
patterns formed in childhood are continued in adulthood.
This panel also concluded that there is “strong evidence”
for favorable clinical effects from physical activity in child-
hood and adolescence with regard to blood pressure, body
fat, body mass index, and cholesterol levels [11]. Therefore,
there are favorable effects from exercise in childhood that
can extend into adulthood but discontinuation of these activ-
ities during the pandemic has the potential to disrupt these
habits that children would otherwise continue as adults.
Eliminating the ability to exercise could potentially lead
not only to the short-term decline of VO, max that has been
documented in this study, but also a loss of the understand-
ing of the importance of physical activity and exercise. With
the ongoing COVID-19 pandemic and its associated restric-
tions that will likely remain in-place for the near future, it
is even more important to identify ways to allow children to
safely participate in physical activities. While remote learn-
ing can replace some of children’s educational needs, online
classes will not be able to replace the ability to exercise.
Novel activities such as the Peleton bike provide socially
interactive ways to potentially engage children in cardio-
vascular exercise from home, but affordability and space
requirements are often prohibitive factors for many families.
While these options can improve access to exercise in a safe
manner during a pandemic, there is the potential for these
methods to contribute to the social inequities exposed by the
COVID-19 pandemic if access is limited to those of higher
socioeconomic status [12] including children [13]. Partici-
pation in vigorous family activities may be one approach
to increase physical activity while minimizing additional
potential infectious exposure risk [14]. In the long-term,
strategies need to be identified that encourage regular exer-
cise for all children in a way that is not solely dependent on
school and organized after-school activities.

Limitations

This study has several limitations. Most importantly is the
small sample size, which was limited to exercise tests per-
formed prior to reopening of schools following COVID-
19-related shutdowns. Furthermore, these comparisons of
exercise performance were not obtained on the same patient
pre- and post-COVID but instead matched controls and,
therefore, the observed differences could have occurred by
chance. Moreover, two patients had unspecified ethnicity
which could potentially have impacted the results given
race-related differences in VO, max. [2, 3, 6] In addi-
tion, several patients in the pre-COVID cohort had a more
graded exercise protocol (Vancouver) [8] in comparison to
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the post-COVID cohort. The Vancouver protocol had been
evaluated for several months at our institution but the higher
treadmill speed was less suitable for manual blood pressure
measurement during the test, because of which we have
since reverted back to the Bruce protocol for the majority of
patients at our center.

Summary

For the first time, this study has documented a significant
measurable decline in physical fitness of healthy children
due to the COVID-19 pandemic and its associated restric-
tions. Measures need to be identified that encourage and
facilitate regular exercise in children in ways that are not
solely dependent on school and organized after-school
activities.

Data Availability Available upon reasonable request.
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