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Context: SARS-CoV-2 infection can affect the exercise
response in athletes. Factors associated with the exercise
response have not been reported.

Objective: To (1) describe heart rate (HR), systolic blood
pressure (SBP), and rating of perceived exertion (RPE) responses
to exercise in athletes with a recent SARS-CoV-2 infection and (2)
identify factors affecting exercise responses.

Design: Cross-sectional, experimental study.

Patients or Other Participants: Male and female athletes
(age ¼ 24.2 6 6.3 years) with a recent (,28 days) SARS-CoV-2
infection (n ¼ 72).

Setting: A COVID-19 Recovery Clinic for athletes.

Main Outcome Measure(s): Heart rate, SBP, and RPE
were measured during submaximal exercise (modified Bruce
protocol) at 10 to 28 days after SARS-CoV-2 symptom
onset. Selected factors (demographics, sport, comorbidities,
preinfection training variables, and symptoms during the
acute phase of the infection) affecting the exercise response

were analyzed using random coefficient (linear mixed)
models.

Results: Heart rate, SBP, and RPE increased progressively
from rest to stage 5 of the exercise test (P ¼ .0001). At stage 5
(10.1 metabolic equivalents), a higher HR and a higher SBP dur-
ing exercise were associated with younger age (P ¼ .0007) and
increased body mass index (BMI; P ¼ .009), respectively. Higher
RPE during exercise was significantly associated with a greater
number of whole-body (P ¼ .006) and total number (P ¼ .004) of
symptoms during the acute phase of infection.

Conclusions: A greater number of symptoms during the
acute infection was associated with a higher RPE during exer-
cise in athletes at 10 to 28 days after SARS-CoV-2 infection.
We recommend measuring RPE during the first exercise chal-
lenge after infection, as this may indicate disease severity and
be valuable for tracking progress, recovery, and return to sport.

Key Words: exercise, performance, COVID-19, coronavi-
rus, return to sport

Key Points

• In athletes with a recent SARS-CoV-2 infection (10 to 28 days after onset), an expected increase was seen in heart
rate, systolic blood pressure, and rating of perceived exertion (RPE) during incremental submaximal exercise.

• Athletes with a greater number of symptoms during the acute phase of the infection had a higher RPE during
exercise.

• After acute respiratory infection, we recommend performing an exercise challenge test, including measures of RPE,
in keeping with the recently published International Olympic Committee consensus guidelines.

SARS-CoV-2 infection is predominantly a respiratory
illness but can have systemic effects, which have
been observed in the general population as well as in

athletes.1,2 Younger athletes are relatively protected from
severe disease but are not excluded from ongoing medi-
cal consequences or postacute sequalae of SARS-CoV-2,
despite mild acute illness in most cases.3–5 In particular,
symptoms during exercise post–SARS-CoV-2 infection,

including dyspnea and chest pain, have been reported in
large cohorts of athletes (4%–8%).4,5

The Sport and Exercise Medicine (SEM) clinician is
responsible for advising athletes with recent acute respiratory
infection, including SARS-CoV-2, on safe return to sport
(RTS). To date, RTS guidance post–SARS-CoV-2 infection
has been predominantly focused on the detection of inflamma-
tory heart disease, such as myocarditis and pericarditis, and
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clearing the athlete to resume exercise training.6,7 In a recent
International Olympic Committee consensus statement, an
exercise challenge test is recommended as the first step in the
RTS process after an acute respiratory infection in athletes.8

Recommended variables obtained from an exercise challenge
test, including heart rate (HR), systolic blood pressure (SBP),
and rating of perceived exertion (RPE), can guide the decision
to return to training and subsequent decisions to increase the
training load until the athlete returns to full performance.
However, data are limited on the response to an exercise chal-
lenge post–SARS-CoV-2 infection in athletes and factors that
may predict an abnormal response to the exercise challenge.
Heart rate and SBP responses during exercise 10 to 34

days postinfection have been reported in small samples of
athletes with mixed results. Researchers of some studies
reported no differences in peak exercise HR or SBP after
infection,9 although significant differences in HR at the aer-
obic threshold, anaerobic threshold, and maximal effort
have been reported post–SARS-CoV-2 infection.9 The mea-
surement of the RPE during exercise has not been reported
in athletes returning to sport after acute respiratory infec-
tion, including SARS-CoV-2.9 An understanding of the
RPE response to exercise postinfection could make a valu-
able contribution to the decision-making process and
implementation of RTS guidance for both athletes and cli-
nicians. Several factors, such as age, sex, history of comor-
bidities, sporting history, preinfection training history, and
severity of the acute infection, may influence the HR, SBP,
and RPE responses to an exercise challenge after SARS-
CoV-2 infection in athletes, but these variables have not
been investigated.
The aim of this study was to (1) describe the HR, SBP,

and RPE response to exercise in athletes 10 to 28 days post–
SARS-CoV-2 infection and (2) identify factors affecting the
exercise responses. Specific factors of interest included
demographic variables, sport variables, history of comorbidi-
ties, preinfection training variables, and symptoms during
the acute phase of the infection.

METHODS

Study Design and Setting

This was a cross-sectional, experimental study in a cohort
of athletes. Data were collected in the COVID-19 Recovery
Clinic (the clinic) research laboratory at the Sport, Exercise
Medicine and Lifestyle Institute (SEMLI) in Pretoria, South
Africa, between July 20, 2020, and July 20, 2021, during the
first (ancestral virus) and second (predominantly b-variant)
waves of the COVID-19 pandemic. This study forms part of
the Athlete With Acute Respiratory InfEction (AWARE)
international, multicenter research study. The Research Eth-
ics Committee of the Faculty of Health Sciences at the Uni-
versity of Pretoria approved the umbrella AWARE study
(REC number: 644/2020) as well as this specific study proto-
col (REC number: 771/2019).

Study Cohort

Potential participants for this study were 72 male and
female athletes (age ¼ 18 to 65 years) who had a recent
SARS-CoV-2 infection and completed at least 10 days of
mandatory isolation. Throughout the data collection period
for this study, an isolation period of 10 days remained

consistent and was mandated by the national government.
The SARS-CoV-2 infection was confirmed by either a
polymerase chain reaction analysis on a nasopharyngeal or
throat swab (n ¼ 70) or a positive IgG antigen test for
SARS-CoV-2 taken at the onset of illness (n ¼ 2).10 At the
start of the study, COVID-19 vaccines were not available.
In 2021, vaccination became available in a phased rollout,
initially only for higher-risk and older individuals. Thus, at
the time of closure for participant inclusion for this study
(May 2021), no participants were vaccinated.
An athlete was defined as someone who “consistently

trains in any sport for a minimum of 3 hours per week, com-
peting at varying levels from recreational to elite.” Sport disci-
plines were classified according to their dynamic exercise
load, which is associated with the percentage of maximal oxy-
gen uptake (VO2max) and increased cardiac output.11 Sports
were classified according to their cardiovascular dynamic
load as follows: low, less than 50% (n ¼ 3); moderate, 50%
to 75% (n ¼ 19); and high, greater than 75% (n ¼ 47)
dynamic load.11 From this classification, the different types of
sport within this population were combined for analysis and
assigned to a low-moderate dynamic load (,75%) group,
including judo, gymnastics, CrossFit, rugby union and rugby,
and a high dynamic load (.75%) group, including football,
tennis, field hockey, netball, cycling, triathlon, swimming, and
running (long distance).11

Clinical Assessment Before Exercise Challenge
Testing

All athletes provided written informed consent and were
assessed by an SEM physician in the clinic before a sub-
maximal exercise challenge test. The initial clinical assess-
ment was conducted between 10 and 28 days postonset of
symptoms and included a medical history, clinical assess-
ment, and selected special investigations. All participants
completed a previously described online medical question-
naire to provide history related to (1) demographics (age
and sex); (2) sport (classification by dynamic load, level of
sport, highest level of sport participation, and years of par-
ticipation in sport); (3) history of comorbidities by organ
system, including cardiovascular disease or risk factors;
respiratory, nervous system, psychological, gastrointestinal,
metabolic, renal or bladder, or immune or blood disorders;
and history of cancer; (4) preinfection training variables
(hours of training) in 0 to 7 days and 8 to 35 days before the
onset of symptoms of acute SARS-CoV-2 infection; and (5)
symptoms (number) during the acute phase of the infection
that were selected from a list of a maximum of 23 symptoms
in 3 anatomical regions (nose and throat, chest and neck, and
whole body [systemic]).12,13 After a clinical assessment, the
SEM physician cleared all athletes of any contraindications
to a submaximal exercise challenge test.

Measurements

Measurements at Rest. Before commencing exercise,
resting measurements were recorded for each athlete. Height
(cm) and weight (kg) were measured by a stadiometer (seca
213; Hammer Steindamm) and weight scale (seca 813; Ham-
mer Steindamm), respectively. Heart rate (bpm) was mea-
sured by a 12-lead electrocardiogram (custo cardio 110 BT,
custo med GmbH) recorded for 30 seconds.14,15 Systolic
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blood pressure (mm Hg) was measured by a manual Welch
Allyn sphygmomanometer, inflatable cuff, and professional
stethoscope (Welch Allyn Inc).14,16

Measurements During the Submaximal Exercise
Challenge. Participants completed a submaximal exercise
challenge test to measure HR, SBP, and RPE responses to
exercise. The modified Bruce treadmill protocol was selected
for the submaximal exercise test.14 The rationale for the selec-
tion of this protocol was the consideration of recent SARS-
CoV-2 infection and possible resultant exercise intolerance.
The modified Bruce protocol allows a slow, gradual progres-
sion of exercise intensity (gradient and speed), increasing the
likelihood of reaching a steady-state of exercise compared
with the common selection of the Bruce protocol that has
more aggressive increments in exercise intensity.17 Partici-
pants completed 5 stages of the modified Bruce protocol,
starting at 2.3 metabolic equivalents (METs; eg, low-intensity
activities of daily living) and ending at 10.1 METs (eg, vigor-
ous jogging, cycling, or swimming),18 or the test was termi-
nated at 85% HR maximum if this was reached before
completion of the fifth stage. Heart rate and SBP were mea-
sured using the same apparatus as at rest every 3 minutes

(toward the end of each stage), and contraindications to con-
tinuing exercise testing were monitored throughout the test by
the applied exercise physiologist conducting the tests.14 The
RPE was measured every 3 minutes (in the last 30 seconds of
each stage) using a visual chart of the Borg scale ranging
from 6 (no exertion) to 20 (maximum exertion).18–20

Factors Affecting the Exercise Response (HR, SBP,
and RPE)

The following selected factors that may affect the
response to exercise were explored.
Demographic Variables.Demographic variables included

age (years), sex (male or female), and body mass index (BMI;
kg/m2).
Sport Variables. Sport variables included the type of

sport (low-moderate or high dynamic load), level of sport
(professional versus amateur), highest level of sports partici-
pation (international, national, provincial, and recreational),
and athlete experience (years).
History of Comorbidities. Athletes were grouped as

those with and those without a history of pre-existing
comorbidities.
Preinfection Training Variables. Preinfection training

variables were hours of training at 0 to 7 and 8 to 35 days
before the onset of symptoms and detraining days (days
between the onset of symptoms and return to training).
Symptoms During the Acute Phase of the Infection.

The number (out of a maximum of 23 symptoms) of nose
and throat, chest and neck, and whole body symptoms as
well as the total number of symptoms during the acute
phase of the infection were explored.

Statistical Analyses

Descriptive information was reported as n (%) for cate-
gorical variables and mean 6 SD for numerical variables.
The outcomes (HR, SBP, and RPE) at stage 5 were ana-
lyzed, as it represented the highest exercise intensity (10.1
METs) measured across the sample and most realistically
represents the exercise intensity at which athletes would
return to training. The significance of the factors related to
the outcomes at stage 5 was assessed using a linear model,
and least square means and standard errors (mean [SEs])
with the v2 statistical test (P values) were reported.
Linear mixed models with a random intercept and slope

were used to investigate the relationship between the outcomes
(HR, SBP, and RPE) and the baseline stage to stage 5. The SEs
were reported at each stage with the estimated differences (SEs
and 95% CIs) from one stage to the next, with P values indicat-
ing whether the increase at each stage was significant. For the
RPE, the interaction of stage3 number of total symptoms was
analyzed and the results conveyed using a graph. For reporting
results, a significance level of 1% was used.

RESULTS

Study Population Characteristics

The cohort consisted of 72 athletes (age¼ 24.26 6.3 years
old; 28 female, 39%; 44 male, 61%) who were assessed
17.5 6 4.6 days postonset of the SARS-CoV-2 infection.
Athletes were assessed between June 2020 and July 2021 in
South Africa, and as such, none had been vaccinated for

Table 1. Demographics, Sport Variables, History of Comorbidi-

ties, Preinfection Training, and Symptoms During the Acute Phase

of the Infection in the Study Population (n 5 72)

Mean 6 SD No. (%)

Demographic variables

Age, y 24.2 6 6.3

Male 44 (61)

Female 28 (39)

BMI, kg/m2 24.2 6 3.6

Sport variables

Classification of sport by dynamic loada

Low-moderate dynamic load (,75%) 22 (32)

High dynamic load (.75%) 47 (68)

Level of sport

Professional 38 (53)

Amateur 34 (47)

Highest level of sport participation

International 11 (15)

National 15 (21)

Provincial 23 (32)

Recreational 23 (32)

Athlete experience, y 9.9 6 6.2

History of comorbidities

Pre-existing number of comorbidities 1.0 6 0.9

Preinfection training variables

Hours of training 0–7 days before onset 8.7 6 6.6

Hours of training 8–35 days before onset 12.9 6 8.6

Training resumed at assessment date

Yes 26 (36)

No 46 (64)

Detraining daysb 18.0 6 9.3

Symptoms during the acute phase of the

infection

Number of symptoms: nose and throat 3.3 6 1.9

Number of symptoms: chest and neck 2.5 6 1.9

Number of symptoms: whole body 2.4 6 2.0

Total number of symptoms 8.2 6 4.9

Abbreviation: BMI, body mass index.
a Type of sport indicated as other and therefore not classified, n ¼ 3.
b Detraining days ¼ number of days between onset of symptoms
and return to training.
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COVID-19 at the time of infection or assessment. Most
athletes (n ¼ 46; 64%) had not resumed training postonset of
symptoms at the time of assessment, and for those who had
resumed training, 18.0 6 9.3 days passed between the onset
of symptoms and the resumption of training.
All demographic variables, sport variables, history of

comorbidities, preinfection training, and symptoms during
the acute phase of the infection are presented in Table 1.

The HR, SBP, and RPE Response to the Exercise
Challenge

The HR, SBP, and RPE response to the exercise challenge
from rest to the completion of stage 5 (10.1 METs) of the
submaximal exercise test is reported in Table 2. A significant
increase was found from rest (HR and SBP) through all 5
stages of exercise (HR, SBP, and RPE; P, .0001). The larg-
est increase in HR (39.5 bpm) was from baseline to stage 1.
The largest increase in SBP (14.5 mmHg) and RPE (2.3)
was from stage 4 to stage 5.

Factors AssociatedWith the HR Response
During Exercise

Factors potentially associated with the HR response at
stage 5 (10.1 METs) of the submaximal exercise test are
reported in Table 3. Younger age was significantly associated
with a higher HR (P ¼ .0007) with an average decrease in
HR of 12 bpm for every 10-year increase in age. All other
demographic, sport, or training variables and symptoms dur-
ing the acute phase of the infection were not associated with
the HR response.

Factors AssociatedWith the SBP Response
During Exercise

Factors potentially associated with the SBP response at
stage 5 (10.1 METs) of the submaximal exercise test are
reported in Table 4. Age, sex, all sport variables, comorbidities,
preinfection training variables, and symptoms during the acute
phase of infection were not significantly associated with the
SBP response. The only demographic variable that was associ-
ated with higher SBP at stage 5 was a higher BMI (P ¼ .009)
with an average of 1.5 mmHg increase in SBP for every
1 kg/m2 increase in BMI.

Factors AssociatedWith the RPE Response
During Exercise

Factors potentially associated with the RPE response at
stage 5 (10.1 METs) of the submaximal exercise test are
reported in Table 5. Demographics, sport variables, history of
comorbidities, and preinfection training variables were not sig-
nificantly associated with the RPE response at stage 5. A
greater number of whole-body symptoms (P ¼ .006) and the
total number of symptoms (P¼ .004) were significantly associ-
ated with a higher RPE at stage 5. For every increase of 4 total
number of symptoms, the RPE increased by 0.7 (SE ¼ 0.23).
The relationship between the RPE response from stage 1

to stage 5 and the total number of symptoms is depicted in
the Figure. An increase was seen in the RPE with increas-
ing stages as well as a steeper increase with an increasing
number of symptoms (P ¼ .024 for interaction).T

a
b
le

2
.

T
h
e
H
e
a
rt

R
a
te

(H
R
),

S
y
s
to
li
c
B
lo
o
d

P
re
s
s
u
re

(S
B
P
),

a
n
d

R
a
ti
n
g

o
f
P
e
rc
e
iv
e
d

E
x
e
rt
io
n

(R
P
E
)
R
e
s
p
o
n
s
e
F
ro
m

R
e
s
t
to

S
ta
g
e
5
(1
0
.1

M
e
ta
b
o
li
c
E
q
u
iv
a
le
n
ts

[M
E
T
s
])

o
f
th
e

S
u
b
m
a
x
im

a
l
E
x
e
rc
is
e
C
h
a
ll
e
n
g
e
T
e
s
t

A
ll

H
R
,
b
p
m

S
B
P
,
m
m
H
g

R
P
E
,
6
–
2
0

E
s
ti
m
a
te

(S
E
)

E
s
ti
m
a
te
d
In
c
re
a
s
e

(S
E
)

L
C
L
–
U
C
L

P
V
a
lu
e
a

E
s
ti
m
a
te

(S
E
)

E
s
ti
m
a
te
d
In
c
re
a
s
e

(S
E
)

L
C
L
–
U
C
L

P
V
a
lu
e
a

E
s
ti
m
a
te

(S
E
)

E
s
ti
m
a
te
d
In
c
re
a
s
e

(S
E
)

L
C
L
–
U
C
L

P
V
a
lu
e
a

R
e
s
t

5
7
.3

(1
.2
)

1
0
6
.2

(1
.0
)

S
ta
g
e
1
(2
.3

M
E
T
s
)

9
6
.8

(2
.1
)

3
9
.5

(1
.5
)

3
6
.5
–
4
2
.6

.0
0
0
1

1
1
0
.9

(1
.2
)

4
.8

(0
.9
)

2
.9
–
6
.7

.0
0
0
1

6
.5

(0
.1
2
)

S
ta
g
e
2
(3
.5

M
E
T
s
)

1
0
2
.4

(2
.1
)

5
.6

(0
.6
)

4
.4
–
6
.8

.0
0
0
1

1
1
8
.3

(1
.3
)

7
.3

(0
.9
)

5
.6
–
9
.1

.0
0
0
1

7
.4

(0
.2
0
)

0
.8
4
(0
.1
4
)

0
.5
6
–
1
.1
2

.0
0
0
1

S
ta
g
e
3
(4
.6

M
E
T
s
)

1
1
1
.3

(2
.3
)

8
.9

(0
.8
)

7
.4
–
1
0
.4

.0
0
0
1

1
2
3
.2

(1
.4
)

5
.9

(0
.8
)

4
.4
–
7
.5

.0
0
0
1

8
.5

(0
.2
5
)

1
.1
1
(0
.1
3
)

0
.8
6
–
1
.3
7

.0
0
0
1

S
ta
g
e
4
(7
.0

M
E
T
s
)

1
3
0
.1

(2
.4
)

1
8
.8

(0
.7
)

1
7
.3
–
2
0
.2

.0
0
0
1

1
3
4
.4

(1
.6
)

1
0
.2

(1
.0
)

8
.2
–
1
2
.2

.0
0
0
1

1
0
.4

(0
.3
1
)

1
.9
3
(0
.1
7
)

1
.5
9
–
2
.2
6

.0
0
0
1

S
ta
g
e
5
(1
0
.1

M
E
T
s
)

1
5
4
.4

(2
.3
)

2
4
.3

(1
.0
)

2
2
.2
–
2
6
.4

.0
0
0
1

1
4
8
.9

(1
.9
)

1
4
.5

(1
.1
)

1
2
.3
–
1
6
.8

.0
0
0
1

1
2
.7

(0
.3
0
)

2
.2
5
(0
.1
4
)

1
.9
6
–
2
.5
4

.0
0
0
1

A
b
b
re
v
ia
ti
o
n
s
:
L
C
L
,
lo
w
e
r
c
o
n
fi
d
e
n
c
e
lim

it
;
U
C
L
,
u
p
p
e
r
c
o
n
fi
d
e
n
c
e
lim

it
.

a
P
v
a
lu
e
s
in
d
ic
a
te

th
e
d
if
fe
re
n
c
e
(l
in
e
a
r
in
c
re
a
s
e
)
in

th
e
e
s
ti
m
a
te

(s
lo
p
e
)
b
e
tw
e
e
n
th
e
s
ta
g
e
s
.

Journal of Athletic Training 93



DISCUSSION

This study aimed to describe the HR, SBP, and RPE
response to exercise and investigate the factors associated
with the HR, SBP, and RPE response to submaximal exer-
cise in athletes with a recent SARS-CoV-2 infection. The
main findings of this study are as follows: (1) HR, SBP, and
RPE significantly increased from rest to stage 5 of the exer-
cise test; (2) higher exercise HR was significantly associated
with younger age; (3) SBP at stage 5 was not associated
with any factor; and (4) the most significant clinical finding
was that the RPE at stage 5 was significantly associated with
symptoms during the acute phase of infection.

The HR and SBP Response to an Exercise Challenge

Post–SARS-CoV-2 Infection in Athletes

The first main finding of this study is an expected HR and
SBP response14,18,20 to an exercise challenge test in athletes
less than 28 days post–SARS-CoV-2 infection. Previous
researchers have not described the HR and SBP response
throughout the exercise challenge test but did report findings
of resting HR, peak HR, and peak SBP without abnormality or
significant difference to controls.21–23 Thus, our findings are in
keeping with those in previous reports.9 For the clinician plan-
ning safe RTS in athletes after SARS-CoV-2 infection, this

Table 3. Factors Associated With the Heart Rate (HR) Response During Exercise (10.1 Metabolic Equivalents [METs])

Variable

Estimates

HR (bpm) at 10.1

METs, Mean 6 SE Chi-Square P Valuea

Demographic variables

Age, y 20 159.4 6 2.6 11.6 .0007

30 147.4 6 2.9

40 135.4 6 5.7

Sex Male 152.8 6 3.0 0.62 .43

Female 156.6 6 3.7

BMI, kg/m2 20 153.9 6 3.6 0.02 .891

22 154.1 6 2.8

26 154.4 6 2.6

Sport variables

Classification of sport by dynamic load Low-moderate (,75%) 161.2 6 4.1 4.4 .036

High (.75%) 150.0 6 2.8

Level of sport Professional 153.1 6 3.3 0.26 .609

Amateur 155.5 6 3.3

Highest level of sport participation International 140.4 6 5.8 8.55 .036

National 153.7 6 4.9

Provincial 161.3 6 3.8

Recreational 153.6 6 3.8

Athlete experience, y 20 157.8 6 3.3 2.82 .093

30 156.5 6 2.8

40 153.9 6 2.3

History of comorbidities

Comorbidities Yes 148.7 6 3.1 6.2 .013

No 160.1 6 3.2

Preinfection training variables

Training 0–7 days before onset, h 4 157.2 6 2.8 3.3 .069

6 155.9 6 2.5

11 152.7 6 2.4

Training 8–35 days before onset, h 6 154.7 6 3.0 0.06 .806

10 154.4 6 2.5

18 153.9 6 2.7

Detraining daysb 12 151.5 6 2.7 3.36 .067

15 152.9 6 2.4

22 156.1 6 2.5

Symptoms during the acute phase of the infection

Number of symptoms: nose and throat 2 153.2 6 2.8 0.44 .506

3 154.0 6 2.3

4 154.9 6 2.5

Number of symptoms: chest and neck 2 154.4 6 2.4 0.06 .811

3 154.1 6 2.4

4 153.8 6 3.0

Number of symptoms: whole body 2 154.0 6 2.4 0.3 .586

3 154.6 6 2.4

4 155.3 6 3.0

Total number of symptoms 4 153.5 6 3.1 0.15 .699

8 154.2 6 2.3

10 154.6 6 2.5

Abbreviation: BMI, body mass index.
a Bold values are statistically significant.
b Detraining days ¼ number of days between onset of symptoms and return to training.
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finding is reassuring because athletes returning to sport after
SARS-CoV-2 infection may present unique clinical scenarios
that can raise concern and uncertainty for the attending SEM
physician, clinician, and athlete.5

A second main finding from our study is the associa-
tion between a higher HR and younger age. This finding
was expected and can be explained by the widely docu-
mented finding that maximum exercise HR decreases
with age.24 We also show that SBP was not associated
with any variables that we explored. Changes in HR and
SBP during recovery from SARS-CoV-2 infection require
further investigation.

RPE During an Exercise Challenge Post–SARS-CoV-2
Infection in Athletes

A third and novel aspect of our study was to measure the
RPE during an exercise challenge test in athletes at 10 to 28
days post–SARS-CoV-2 infection. The RPE response to
exercise post–SARS-CoV-2, or any other acute respiratory
infection, has not previously been reported, and we cannot
compare our findings to those of previous research studies.
The RPE response during exercise can provide valuable
insight about the multisystem response to exercise18,20,25,26

and provides a recognized measure of effort and relative
fatigue during exercise, indicating intensity and homeostatic

Table 4. Factors Associated With the Systolic Blood Pressure (SBP) Response During Exercise (10.1 Metabolic Equivalents [METs])

Variable Estimates SBP (mmHg) at 10.1 METs, Mean 6 SE Chi-Square P Valuea

Demographic variables

Age, y 20 148.26 2.4 0.06 .814

30 149.06 2.8

40 149.86 5.6

Sex Male 151.76 2.4 4.51 .034

Female 143.26 3.1

BMI, kg/m2 20 142.46 3.0 6.78 .009

22 145.46 2.2

26 151.56 2.2

Sport variables

Classification of sport by dynamic load Low-moderate (,75%) 147.86 3.5 0.130 .716

High (.75%) 149.46 2.4

Level of sport Professional 145.76 2.6 2.56 .11

Amateur 151.96 2.8

Highest level of sport participation International 138.86 4.9 4.68 .197

National 149.46 4.1

Provincial 151.06 3.4

Recreational 150.36 3.4

Athlete experience, y 20 150.96 2.8 1.51 .219

30 150.06 2.4

40 148.16 2.0

History of comorbidities

Comorbidities Yes 149.66 2.8 0.28 .599

No 147.56 2.8

Preinfection training variables

Training 0–7 days before onset, h 4 149.16 2.4 0.17 .677

6 148.96 2.1

11 148.36 2.1

Training 8–35 days before onset, h 6 148.26 2.5 0.06 .813

10 148.46 2.1

18 148.86 2.3

Detraining daysb 12 147.36 2.3 1.06 .304

15 148.06 2.0

22 149.86 2.3

Symptoms during the acute phase of the infection

Number of symptoms: nose and throat 2 148.76 2.3 0.01 .928

3 148.66 2.0

4 148.56 2.2

Number of symptoms: chest and neck 2 148.46 2.0 0.23 .630

3 148.96 2.1

4 149.46 2.6

Number of symptoms: whole body 2 148.56 2.0 0.04 .850

3 148.76 2.1

4 148.96 2.7

Total number of symptoms 4 148.26 2.5 0.05 .815

8 148.66 2.0

10 148.86 2.2

Abbreviation: BMI, body mass index.
a Bold values are statistically significant.
b Detraining days ¼ number of days between onset of symptoms and return to training.
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disturbance.18,20,25,26 The RPE is an integration of various
symptoms from a number of organ systems including, but
not limited to, working muscles, cardiovascular and pulmo-
nary systems, joints, and those responsible for sweating, pos-
sible pain, and dizziness.19,27 Of particular practical clinical
value, measuring the RPE during exercise does not require
any equipment and can be measured not only by the clini-
cian but also by the athlete or coach.
The most significant finding of this study was the associ-

ation between a higher RPE and a greater number of symp-
toms during the acute phase of the infection. Athletes with
a greater number of acute symptoms reported a higher RPE

during exercise at the same workload than those with fewer
symptoms (an RPE of 13 that is “somewhat hard” versus
an RPE of 11 that is “fairly light,” respectively). In previ-
ously published studies reporting exercise tests in athletes
with a recent SARS-CoV-2 infection, HR and BP variables
have been reported, but not the RPE.21–23,28 We suggest that
measuring the RPE can be a valuable practical clinical tool
to assess the multiorgan response to exercise in the setting
of athletes with recent acute respiratory infection. We
recently showed that a greater number of total symptoms is
associated with prolonged return to training post–SARS-
CoV-2 infection in athletes.12 Prolonged symptoms beyond

Table 5. Factors Associated With the Rating of Perceived Exertion (RPE) Response During Exercise (10.1 Metabolic Equivalents [METs])

Variable Estimates RPE (6–20) at 10.1 METs, Mean 6 SD Chi-Square P Valuea

Demographic variables

Age, y 20 12.7 6 0.3 1.78 .182

30 12.1 6 0.4

40 11.4 6 0.8

Sex Male 12.0 6 0.4 4.78 .029

Female 13.3 6 0.5

BMI, kg/m2 20 12.8 6 0.5 1.00 .317

22 12.7 6 0.3

26 12.3 6 0.3

Sport variables

Classification of sport by dynamic load Low-moderate (,75%) 11.4 6 0.5 6.39 .012

High (.75%) 13.0 6 0.3

Level of sport Professional 12.3 6 0.4 0.37 .545

Amateur 12.7 6 0.4

Highest level of sport participation International 12.3 6 0.7 0.91 .824

National 12.7 6 0.6

Provincial 12.8 6 0.5

Recreational 12.1 6 0.5

Athlete experience, y 20 12.6 6 0.4 0.13 .719

30 12.5 6 0.4

40 12.4 6 0.3

History of comorbidities

Comorbidities Yes 12.5 6 0.4

No 12.4 6 0.4 0.06 .811

Preinfection training variables

Training 0–7 days before onset, h 4 12.6 6 0.4 0.39 .535

6 12.6 6 0.3

11 12.4 6 0.3

Training 8–35 days before onset, h 6 12.7 6 0.4 1.06 .303

10 12.6 6 0.3

18 12.3 6 0.3

Detraining daysb 12 12.3 6 0.34 0.92 .338

15 12.4 6 0.30

22 12.6 6 0.34

Symptoms during the acute phase of the infection

Number of symptoms: nose and throat 2 12.1 6 0.3 4.82 .028

3 12.4 6 0.3

4 12.8 6 0.3

Number of symptoms: chest and neck 2 12.4 6 0.3 5.34 .021

3 12.7 6 0.3

4 13.0 6 0.4

Number of symptoms: whole body 2 12.4 6 0.3 7.5 .006

3 12.8 6 0.3

4 13.2 6 0.4

Total number of symptoms 4 11.8 6 0.3 8.46 .004

8 12.5 6 0.3

10 12.9 6 0.3

Abbreviation: BMI, body mass index.
a Bold values are statistically significant.
b Detraining days ¼ number of days between onset of symptoms and return to training.
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the acute phase of infection have been reported in athletes
including fatigue, shortness of breath, and headache,3,4,29

and the regression of cardiopulmonary endurance parame-
ters as a consequence of detraining has been questioned.29

Evidence suggests that a greater number of symptoms dur-
ing the acute phase of the SARS-CoV-2 infection in non-
athletes is associated with multiorgan involvement and
prolonged recovery.30 We therefore hypothesize that multi-
organ system involvement could be the main mechanism
responsible for the increased RPE response we observed in
athletes with a greater number of acute symptoms. We also
suggest that monitoring the RPE during exercise in the
recovery from infection can be valuable to track progress,
recovery, and RTS. We do acknowledge that although the
RPE scale is subjective, it has advantages because it is vali-
dated, reliable, easy to understand, simple to use, and gives
data that are easy to interpret.19,20 Further studies are
needed to (1) explore the relationship between a higher
RPE during an exercise challenge test and prolonged RTS
in athletes post–SARS-CoV-2 infection, (2) track changes
in the RPE during the recovery from infection over time,
(3) explore other possible reasons for the higher RPE in
athletes with a greater number of acute symptoms, and (4)
investigate if findings are applicable to an athletic popula-
tion vaccinated against the SARS-CoV-2 infection.
The strengths of this study include its relatively larger

sample size than that of similar studies, the assessment of
athletes at 10 to 28 days post–SARS-CoV-2 infection, and
the fact that the RPE was measured during the exercise
challenge test. Limitations to the study include the nature
of RPE measurement and the limited training data avail-
able. The RPE is a subjective measure that requires time
for the athlete to understand and interpret the sensitivity
of the scale. Furthermore, the significant association between
the RPE and number of acute symptoms was observed at sub-
maximal intensities of exercise with a maximum RPE of 13
(“somewhat hard”). However, it would be expected for ath-
letes to exceed an RPE of 13 during training, which limits the

generalizability of the results. Thus, it would be beneficial to
understand the exercise response at higher intensities of exer-
cise and higher RPE ratings. Available training data preinfec-
tion were limited, and additional variables such as intensity
and type of training could have strengthened the covariate
analysis.

CONCLUSIONS

In summary, in this study, we report the response to an
exercise challenge test in athletes with a recent (,28 days
postonset of symptoms) SARS-CoV-2 infection. Based on
the results of this study, we confirm the value of performing
an exercise challenge test postacute respiratory infection,
which is the recommendation from recently published Inter-
national Olympic Committee consensus guidelines.8 We
also suggest that the RPE be documented during exercise,
in addition to other parameters that include HR and SBP.
Symptoms during exercise also need to be monitored during
follow-up exercise challenges as new exertional symptoms
can be unmasked as training progresses.29
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