
Scand J Med Sci Sports. 2022;00:1–11.     | 1wileyonlinelibrary.com/journal/sms

1  |  INTRODUCTION

In the general population, severe acute respiratory syn-
drome coronavirus 2 (SARS- CoV- 2) infection results in 
protean manifestations, with the most prevalent sequa-
lae and severe complications focused on the respiratory 
system.1,2 Long- term pulmonary impairment is found 
in approximately 3%– 5% of the population following 
COVID- 19, predominantly in those aged over 50 years 
old.3 Sonnweber et al.4 reported that, at 100 days following 
COVID- 19 diagnosis, almost a third of individuals contin-
ued to experience dyspnea and had impaired pulmonary 
function, and two- thirds had abnormal pulmonary imag-
ing findings.4 Moreover, in some series approximately one 
in five patients appear to develop pulmonary vascular ab-
normalities following COVID- 19.

Over the course of the pandemic, it has become ap-
parent that physical activity status appears to be relevant 

in modulating the risk of complications arising from 
COVID- 19.5 Several large epidemiological studies reveal 
a reduced risk of hospitalization, need for critical care 
support, and mortality, in physically active individuals; 
this may account for as much as 10% of the total attribut-
able risk.5 Accordingly, it may be expected that athletes, 
by virtue of their highly trained physical status, would be 
protected against the development of complications from 
COVID- 19. A key concern in athlete health focused on the 
apparent risk of cardiac complications (e.g., myocarditis 
or peri- myocarditis) following COVID- 19.6 An alarmingly 
high prevalence was reported in early publications, with 
cardiac abnormalities reported in half of collegiate- level 
athletes7 and a quarter of elite athletes.8 This prompted 
conservative assessment strategies with the promotion of 
cardiac screening, prior to any return to play (RTP).9 Later 
data challenged this, with most recent series indicating 
that the overall prevalence of cardiac complications is more 
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likely to be <2%.10 Comparatively, one review reported over 
one in five individuals diagnosed with COVID- 19, and one 
in two people hospitalized with COVID- 19 presented with 
raised markers of cardiac dysfunction.11

COVID- 19 results in a broad range of clinical mani-
festations, but by virtue of the nature of the initial infec-
tion, the respiratory system is the primary organ system 
affected in most individuals in the general population. 
Cough, dyspnea, and chest tightness are highly prevalent 
symptoms in the acute phase of the illness and respira-
tory symptomatology is common in the post- COVID- 19 
syndrome, with approximately one in eight individuals 
affected by ongoing, persistent symptoms.12

In athletes, the COVID- 19 pandemic had an immedi-
ate impact on ability to train and undertake competitive 
sport with the majority of major sporting events can-
celled.13 The cessation of regular training and competition 
impacted not only impacts physical performance, with 
detraining effects on skeletal muscle mass and with alter-
ation of mechanical tissue properties and structure14 but 
also has deleterious effects on psychological well- being.15

Our understanding of how the pulmonary system is im-
pacted in athletes with COVID- 19 remains at a relatively 
embryonic stage. There is still very little published high- 
quality data providing insight regarding pulmonary physi-
ology and imaging in this cohort of individuals. Regardless, 
the aim of this review is to provide an overview and sum-
mary of what is currently known regarding acute and 
persistent respiratory symptoms in athletic populations fol-
lowing COVID- 19, with focus on findings from pulmonary 
function and cardiopulmonary exercise testing (CPET).

2  |  METHODOLOGY

In this narrative review, we identified relevant research 
for the manuscript by searching two electronic databases 
(Google scholar and PubMed) from inception up to the pe-
riod of August 2022. The search terms employed in both 
databases consisted of key words related to “COVID- 19,” 
“athletes,” “pulmonary function,” “respiratory,” “cardio-
pulmonary,” “CPET,” “acute,” “persistent,” and “symptom.” 
We identified relevant articles that present data on acute/
persistent symptoms, pulmonary function testing and car-
diopulmonary exercise tests, as well as respiratory sequalae 
following COVID- 19 infection in athletes competing at an 
amateur, collegiate and/or elite or professional level.

2.1 | Respiratory symptoms in athletes 
in the acute phase of COVID- 19

It is now well recognized that in the general population, 
acute COVID- 19 (i.e., not asymptomatic SARS- CoV- 2 

infection), is associated with a broad range of clinical 
manifestations. In individuals with moderate- to- severe 
disease, respiratory symptoms are prominent; with acute 
breathing and cough difficulties present in 92% and 42%, 
respectively.16

As may be expected, athletic individuals appear to de-
velop similar symptoms but that typically result in only a 
mild to moderate and self- limiting illness, that is, with the 
rare occurrence of hospital- based care reported.17 Table 1 
outlines symptom prevalence during the acute phase of 
COVID- 19 in athletes, obtained from a review of 16 stud-
ies. In this analysis, the most prevalent acute symptoms 
reported in athletes were headache, anosmia, ageusia, fa-
tigue, and fever. Respiratory symptoms, such as dyspnea, 
chest pain, and cough were apparent, but less frequently 
reported.

2.2 | Respiratory symptoms in athletes 
in the post/long- COVID Syndrome

Despite a low number of athletes requiring hospitaliza-
tion (0.2%),18 the development of persistent symptoms 
and presence of a protracted recovery period following 
COVID- 19 is now recognized in both elite and sub- elite 
cohorts of athletes.19 In the UK, the National Institute for 
Health and Care Excellence (NICE) define long COVID- 19 
as “signs and symptoms that continue or develop after the 
acute COVID- 19 illness, including both ongoing sympto-
matic COVID- 19 (four to twelve weeks) and post COVID 
syndrome (>12 weeks or more)”.20 Studies have indicated 
that “long” COVID- 19 symptoms (>28 days) are present 
in approximately one in ten individuals in the general 
population, with a higher prevalence in those aged over 
40 years old.21

In athletes, the majority of studies have defined per-
sistent symptoms as those continuing >28 days from time 
of diagnosis.22,23 The type of persistent symptoms reported 
in athletes with this issue are presented in Table 2, sam-
pled from four studies. Figure  1 displays the prevalence 
of acute symptoms (16 studies) and persistent symptoms 
(four studies) reported by athletes following COVID- 19 in-
fection. In these studies, the timeframe of when the symp-
toms were reported ranged from the end of self- isolation 
up >28 days.

In the largest study to date evaluating this issue 
(n  =  3597 athletes), only 1.2% (n  =  44, 20 ± 2 years old, 
36% female) experienced persistent symptoms (>28 days), 
with loss of taste and smell reported most commonly 
(63%), followed by dyspnea (20%), and then cough (15%). 
Of this cohort, 137 athletes reported exertional symptoms 
on their return to exercise, the most common symptom 
was dyspnea (58%), followed by chest pain (36%), and then 
exercise intolerance (23%).24 In contrast, in a cohort of 



   | 3WILLIAMS and HULL

T
A

B
L

E
 1

 
A

th
le

te
 a

cu
te

 sy
m

pt
om

s p
re

va
le

nc
e

A
th

le
te

 c
ha

ra
ct

er
is

ti
cs

H
ea

da
ch

e
A

no
sm

ia
A

ge
us

ia
So

re
 

th
ro

at
C

ou
gh

Fa
ti

gu
e

SO
B

C
he

st
 

pa
in

Fe
ve

r
M

ya
lg

ia
D

ia
rr

he
a

C
av

ig
li 

et
 a

l. 
(n

 =
 9

0)
Pr

of
es

si
on

al
 a

nd
 n

on
- 

pr
of

es
si

on
al

 c
om

pe
tit

iv
e 

at
hl

et
es

25
 (3

6.
2)

35
 (5

0.
7)

34
 (4

9.
3)

N
/A

20
 (2

9.
0)

N
/A

6 
(8

.7
)

N
/A

50
 (7

2.
5)

N
/A

5 
(7

.3
)

M
ou

ls
on

 e
t a

l. 
(n

 =
 2

1)
C

om
pe

tit
iv

e 
hi

gh
 sc

ho
ol

, 
co

lle
gi

at
e,

 p
os

t- c
ol

le
gi

at
e 

an
d 

re
cr

ea
tio

na
l a

th
le

te
s

17
 (8

1.
0)

12
 (5

7.
0)

11
 (5

2.
0)

10
 (4

8.
0)

8 
(3

8.
0)

20
 (9

5.
0)

9 
(4

3.
0)

6 
(2

9.
0)

11
 (5

2.
0)

11
 (5

2.
0)

6 
(2

9.
0)

Sc
hw

el
ln

us
 e

t a
l. 

(n
 =

 4
5)

C
om

pe
tit

iv
e 

at
hl

et
es

, 2
6%

 o
f 

co
ho

rt
 p

ro
fe

ss
io

na
l

35
 (7

7.
8)

31
 (6

8.
9)

29
 (6

4.
4)

23
 (5

1.
1)

23
 (5

1.
1)

35
 (7

7.
9)

17
 (3

7.
8)

14
 (3

1.
1)

17
 (3

7.
8)

24
 (5

3.
3)

9 
(2

0.
0)

Er
ic

ks
on

 e
t a

l. 
(n

 =
 1

70
)

C
ol

le
gi

at
e 

at
hl

et
es

56
 (3

2.
9)

66
 (3

8.
8)

62
 (3

6.
5)

36
 (2

1.
2)

35
 (2

0.
6)

43
 (2

5.
3)

25
 (1

4.
7)

12
 (7

.1
)

11
 (6

.5
)

23
 (1

3.
5)

2 
(1

.2
)

H
en

dr
ic

ks
on

 e
t a

l. 
(n

 =
 1

37
)

C
ol

le
gi

at
e 

at
hl

et
es

46
 (4

1.
0)

65
 (5

8.
0)

65
 (5

8.
0)

N
/A

N
/A

45
 (4

0.
0)

14
 (1

2.
0)

13
 (1

1.
0)

47
 (4

2.
0)

N
/A

N
/A

M
ou

ls
on

 
et

 a
l (

n 
=

 1
77

4)
C

ol
le

gi
at

e 
at

hl
et

es
68

7 
(3

9.
0)

71
2 

(4
0.

0)
71

2 
(4

0.
0)

54
7 

(3
1.

0)
49

2 
(2

8.
0)

43
4 

(2
4.

0)
18

5 
(1

0.
0)

88
 (5

.0
)

43
1 

(2
4.

0)
50

1 
(2

8.
0)

88
 (5

.0
)

Pe
te

k 
et

 a
l. 

(n
 =

 3
42

4)
C

ol
le

gi
at

e 
at

hl
et

es
78

4 
(3

9.
0)

75
3 

(3
8.

0)
75

3 
(3

8.
0)

62
9 

(3
1.

0)
55

4 
(2

8.
0)

50
2 

(2
5.

0)
18

8 
(9

.0
)

99
 (5

.0
)

47
3 

(2
4.

0)
56

3 
(2

8.
0)

91
 (5

.0
)

H
ul

l e
t a

l. 
(n

 =
 1

26
)

U
K

 O
ly

m
pi

c 
an

d 
pa

ra
ly

m
pi

c 
at

hl
et

es
57

 (4
5.

0)
29

 (2
3.

0)
29

 (2
3.

0)
37

 (2
9.

0)
61

 (4
8.

0)
69

 (5
5.

0)
18

 (1
4.

0)
3 

(2
.0

)
51

 (4
0.

0)
38

 (3
0.

0)
5 

(4
.0

)

K
om

ic
i e

t a
l. 

(n
 =

 2
4)

C
om

pe
tit

iv
e 

at
hl

et
es

3 
(1

2.
50

)
17

 (7
0.

8)
15

 (6
2.

5)
9 

(3
7.

5)
11

 (4
5.

8)
15

 (6
2.

5)
5 

(2
0.

8)
N

/A
15

 (5
0.

0)
16

 (6
6.

7)
4 

(1
6.

7)

C
su

la
k 

et
 a

l. 
(n

 =
 4

6)
El

ite
 le

ve
l s

w
im

m
er

s
17

 (3
6.

0)
10

 (2
1.

0)
10

 (2
1.

0)
10

 (2
1.

0)
10

 (2
1.

0)
29

 (6
4.

0)
20

 (4
3.

0)
3 

(7
.0

)
23

 (5
0.

0)
20

 (4
3.

0)
N

/A

C
el

ik
 e

t a
l. 

(n
 =

 1
7)

V
ol

le
yb

al
l p

la
ye

rs
N

/A
14

 (8
2.

4)
14

 (8
2.

4)
N

/A
8 

(4
7.

1)
N

/A
7 

(4
1.

2)
N

/A
9 

(5
2.

5)
9 

(5
2.

9)
N

/A

Fi
ke

nz
er

 e
t a

l. 
(n

 =
 8

)
El

ite
 h

an
db

al
l p

la
ye

rs
5 

(6
2.

5)
3 

(3
7.

5)
3 

(3
7.

5)
1 

(1
2.

5)
1 

(1
2.

5)
N

/A
2 

(2
5.

0)
2 

(2
5.

0)
N

/A
1 

(1
2.

5)
N

/A

G
at

to
ni

 e
t a

l. 
(n

 =
 1

3)
Pr

of
es

si
on

al
 fo

ot
ba

ll 
pl

ay
er

s
9 

(6
9.

0)
8 

(6
2.

0)
8 

(6
2.

0)
6 

(4
6.

0)
4 

(3
1.

0)
13

 (1
00

.0
)

1 
(8

.0
)

3 
(2

3.
0)

6 
(4

6.
0)

11
 (8

5.
0)

1 
(9

.0
)

G
er

va
si

 e
t a

l. 
(n

 =
 1

8)
Pr

of
es

si
on

al
 fo

ot
ba

ll 
pl

ay
er

s
1 

(5
.6

)
3 

(1
6.

7)
5 

(2
7.

8)
1 

(5
.6

)
2 

(1
1.

1)
N

/A
(N

/A
N

/A
7 

(3
8.

9)
2 

(1
1.

1)
N

/A

Sc
hu

am
ac

he
r e

t a
l. 

(n
 =

 1
5)

Fo
ot

ba
ll 

pl
ay

er
s, 

st
af

f, 
an

d 
re

fe
re

es
9 

(6
0.

0)
5 

(3
3.

3)
4 

(2
6.

7)
4 

(2
6.

7)
1 

(6
.7

)
4 

(2
6.

7)
1 

(6
.7

)
N

/A
3 

(2
0.

0)
N

/A
2 

(1
3.

3)

M
ilo

va
nc

ev
 (n

 =
 1

6)
Fi

rs
t d

iv
is

io
n 

vo
lle

yb
al

l p
la

ye
rs

5 
(3

1.
0)

N
/A

10
 (6

2.
5)

10
 (6

2.
5)

5 
(3

1.
0)

10
 (6

2.
5)

1 
(6

.0
)

1 
(6

.0
)

12
 (7

5.
0)

8 
(5

0.
0)

3 
(1

9.
0)

Po
ol

ed
 p

re
va

le
nc

e 
(%

)
29

.6
3

29
.7

4
29

.6
8

23
.2

1
21

.1
3

20
.9

8
8.

42
4.

22
19

.6
4

21
.5

2
3.

78

N
ot

e:
 D

at
a 

pr
es

en
te

d 
as

 to
ta

l n
um

be
r o

f c
as

es
 (%

 o
f t

he
 to

ta
l p

op
ul

at
io

n)
.



4 |   WILLIAMS and HULL

Olympic and Paralympic athletes (n = 147), a higher prev-
alence of “long COVID” was reported with 14% reporting 
persistent symptoms at 28 days following initial diagnosis 
and 27% reporting an inability to return fully to their sport 
within this timescale. In this cohort, symptoms such as 
fatigue (71%), dry cough (57%), and headache (52%) were 
the most prevalent acute symptoms, but the presence of 
chest pain and dyspnea (i.e., lower chest- focused symp-
toms) appeared to be associated with a higher likelihood 
of delayed recovery and full return to sport.23

Schwellnus and colleagues19 found athletes who re-
ported chills, loss of smell, chest pain, and difficulty 
breathing had a lower chance of return to sport within 
40 days compared to athletes without these symptoms. 
Moreover, in this cohort, excessive fatigue was found to 
be associated with a 75% lower probability of returning 
to sport within 40 days.19 More recently, the same group25 
found that athletes who report a greater number of symp-
toms and fatigue were more likely to suffer a significant 
delay in their full return to sport.25 In the general popu-
lation, a similar finding is apparent with those reporting 
a greater number of symptoms at onset of illness more 
likely to suffer a protracted symptom course.26

Very few studies have objectively evaluated and inves-
tigated physiological findings in athletes with protracted 
COVID- 19 symptoms. Moulson et al.22 evaluated 21 ath-
letes (22 ± 4 years old, 43% female) of whom over 70% re-
ported persistent dyspnea, exercise intolerance, and chest 
pain. The prevalence of persistent symptoms was similar 
to that reported in the study by Petek et al.,24 Athletes 
in their cohort all presented with at least one symptom 
during the acute phase of COVID- 19 illness and 67% de-
veloped an additional late- onset symptom that was not 
present during the initial infection. All athletes reported 
at least one exertional cardiopulmonary symptom, the 
most common were dyspnea, chest pain, and exertional 
palpitations (76%, 57%, and 29%, respectively). The find-
ings on subsequent lung function and CPET testing in this 
cohort are discussed below.

2.3 | Impact of COVID- 19 on 
pulmonary function

Several studies have evaluated pulmonary physiology, 
predominantly using spirometry, in athletes following 
COVID- 19. The majority of studies have found very lit-
tle impact of COVID- 19 infection on lung function, when 
compared to an individual's pre- COVID- 19 values or 
when compared to the findings in a control group without 
COVID- 19.27- 30 Specifically, Gattoni et al.31 found no signif-
icant impairment in spirometry values assessed immedi-
ately after COVID- 19 infection compared with pre- season T
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(i.e., pre- infection) baseline values in 13 male, professional 
football players (24 ± 4 years). Furthermore, there was no 
association found between forced vital capacity (FVC), 
forced expiratory volume in 1  second (FEV1), and peak 
expiratory flow (PEF) and days positive with COVID- 19 
infection.31 Milovancev et al.32 also found minimal effect 
to spirometric data in athletes (n = 16, 24 ± 5 years old) fol-
lowing short duration, mild COVID- 19 illness. FEV1 and 
FVC were both within normal limits (>80% predicted), 
although athletes had returned to training for an average 
of 20 days prior to testing. Finally, Cafiero et al.33 observed 
no abnormalities in either spirometry or diffusion capac-
ity for carbon monoxide (DLCO) evaluations in pediatric 
athletes 30 days after COVID- 19 infection.

In contrast, some studies have reported subtle findings 
of pulmonary dysfunction. Komici et al.34 reported a de-
cline in the mid- flow values of forced expiratory flow75- 25 
(FEF75- 25) rates in a quarter of a cohort (n = 24) of ath-
letes following COVID- 19, but with the other parameters 
preserved. Similar findings were published by Moulson 
et al.,22 (described above), who found that over 30% of 
athletes had an abnormal FEV1% predicted and FEV1/
FVC ratio, indicative of airflow obstruction, when tested 
three to 6 months after COVID- 19 infection. Furthermore, 
Gervasi et al.28 reported declines of 5.4%, 6.3%, and 20.4% 
in FVC, FEV1, and PEF, respectively, when an athlete's 
spirometry values were compared with their pre- infection 
baseline values. A similar finding was observed in an as-
ymptomatic control group who had a 6% in FEV1 from a 
pre- season value. The reason for these changes is unclear, 
given the fact that athletic status has limited impact on 
spirometric indices. Finally, one study assessed respiratory 
muscle strength and found a mean difference of −17% in 
maximal inspiratory pressure (MIP) and maximal expi-
ratory pressure (MEP) values between a group of female 

athletes (n = 17) recovering from COVID- 19 and a control 
group.30 However, the lack of a longitudinal measurement 
perspective in this setting limits objective evaluation and 
comparison of results.

2.4 | Impact of COVID- 19 on 
cardiopulmonary exercise performance

A number of studies have now utilized CPET to evalu-
ate the cardiorespiratory impact of COVID- 19 in athletes; 
a summary of findings can be viewed in Table 3. Results 
from these studies are somewhat conflicting but the ma-
jority showing that overall cardiorespiratory function ap-
pears to be relatively well preserved31,32,34,35 and reveal no 
significant cardiopulmonary pathology.22,34 Moulson and 
colleagues22 used the findings from CPET to argue that 
the key value from this form of testing was to thus provide 
reassurance. In this study, 21 competitive athletes with 
protracted post- COVID- 19 symptoms were evaluated. Of 
the 18 athletes with exertional symptoms during exercise, 
three athletes had an abnormal oxygen uptake, and three 
athletes achieved a peak oxygen uptake of ≥80% but ≤90% 
predicted. No dysrhythmia or gas exchange issue was 
identified. Some athletes in this cohort had a low breath-
ing reserve at end exercise, occurring predominantly in 
participants in whom abnormal spirometry at rest was 
identified. A sub- group underwent a follow- up CPET at 
approximately 5 months, and there was evidence of an 
improvement in resting heart rate (HR) and peak exercise 
HR, with an accompanying 7% increase in peak oxygen 
consumption accompanied by improvements in exertional 
exercise symptoms such as dyspnea, chest pain, and cough.

A number of studies have reported impaired cardiopul-
monary function following COVID- 19. Anastasio et al.29 

F I G U R E  1  Pooled acute (16 studies) 
and Persistent (4 studies) symptoms 
prevalence (%) reported by athletes 
following COVID- 19 infection.
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reported evidence of abnormal metabolic function on 
CPET, with an early onset of anaerobic metabolism (i.e., 
reduced threshold) in 13 elite cross- country skiers (mean 
age: 22 years, 77% male) recovering from COVID- 19 when 
compared to 13 control athletes. Additionally, at aerobic 
threshold, the average V̇O2peak was 27% lower in post- 
COVID- 19 athletes, with an accompanying reduction in 
minute ventilation, oxygen pulse, and breathing reserve.29 
Fikenzer et al.27 found that following COVID- 19, athletes 
had a 5% decline in peak power output during incremen-
tal test, a 7% reduction in V̇O2peak and 14% lower minute 
ventilation, all with a 4% higher peak HR.

2.5 | Pulmonary imaging following 
COVID- 19

The literature evaluating pulmonary imaging in athletes 
following COVID- 19 is currently sparse and confined to 
case reports and small case series+/−cohorts. There are no 
systematic prospective studies evaluating pulmonary im-
aging in athletes following COVID- 19.

In the report by Petek and colleagues24 described above, 
of the 137 athletes who reported exertional cardiopulmo-
nary symptoms, 16 athletes had pulmonary imaging. Of 
this sub- group pneumonia, pleural effusion and pulmo-
nary embolism were identified in 3 individuals. Csulak 
and colleagues36 presented a case study on a 27- year- old 
female elite swimmer, with ground glass opacities on CT 
imaging that resolved over 4 weeks.

3  |  DISCUSSION

Persistent respiratory symptoms, such as breathlessness, 
can limit exercise performance following COVID- 19. The 
physiological assessment of athletes with this issue typi-
cally focuses on the identification of cardiac issues. Our 
analysis of the published data indicates that the devel-
opment of a pathological pulmonary disease process fol-
lowing COVID- 19 in athletes is rare. Indeed, there are no 
published reports describing the development of pulmo-
nary fibrotic complications in athletes and only isolated 
case reports of pulmonary vascular issues.24 This aligns 
with findings reported in the general population, where 
young individuals appear to be protected against the de-
velopment of interstitial related abnormalities following 
COVID- 19 and generally have a mild self- limiting illness 
course, from a pulmonary perspective.

The presence of lower respiratory symptoms during 
the acute illness phase of COVID- 19 appears to be asso-
ciated with a higher chance of delayed sporting recovery 
and training time loss.19 Specifically, one study reported 

athletes were nearly three times more likely to have pro-
longed time loss from sport if lower respiratory symptoms 
were present.23 In support of these data, more recent 
findings by Snyders et al.,25 reported athletes with an in-
creased total number of symptoms and increased num-
ber of chest and neck symptoms can predict prolonged 
return to play. Furthermore, the prevalence of protracted 
COVID- 19 symptoms has been associated with viral co- 
infections such as Epstein– Barr virus (EBV). Primary EBV 
infection is often asymptomatic and dormant in the ma-
jority of immunocompetent individuals; however, some 
reports indicate a proportion of patients with persistent 
COVID- 19 symptoms and long- term sequalae may be the 
result of EBV reactivation and/or co- infection.37

Our review of the literature reveals that in some series, 
there does appear to be evidence of pulmonary physio-
logical defect, in athletes following COVID- 19.22,34 The 
majority of publications, however, evaluating lung func-
tion indicate that generally there are minimal changes in 
lung function, as assessed by spirometry parameters, fol-
lowing COVID- 19.27,29 These findings are in keeping with 
those in the general population, which may be explained 
by the fact that the pulmonary sequalae of COVID- 19 ap-
pear to cause the greatest physiological disruption to the 
interstitial compartment rather than the airways. Hence, 
generally only minor changes in spirometric indices are 
seen, but more marked reductions in more complex pul-
monary function tests such as gas transfer (i.e., DLCO 
measurement) are more evident.1 To assess this issue, 
more detailed pulmonary function testing is needed and 
to date, only one study has evaluated DLCO parameters 
following COVID- 19 in pediatric athletes, which actually 
found values to reside within the normal predicted range. 
It would therefore be helpful for further prospective stud-
ies to include assessment of diffusion membrane capac-
ity and capillary blood volume using measurements like 
DLCO and diffusion capacity for nitric oxide (DLNO). 
This acknowledged, some studies have, however, reported 
spirometric defects in athletes following COVID- 19, indic-
ative of evidence of airflow obstruction22,28,34 and further 
assessment of airway inflammatory markers (e.g., with 
FeNO), bronchodilator reversibility testing+/− testing of 
airway hyper- responsiveness is needed to better charac-
terize this issue.38

In the assessment of functional (i.e., exertional) 
breathlessness, CPET has provided insight regarding 
gas exchange, ventilatory capabilities, and measures the 
multi- system response when athletes are symptomatic.22 
Interpretation of findings must be considered with cau-
tion, given the potential confounding of a detraining ef-
fect, selection of an appropriate control group and whether 
the findings can be considered to be COVID- 19 specific 
(i.e., there is little data comparing with other infections). 
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For one study cohort, athletes had a 20- day retraining pe-
riod prior to CPET, whereby re- adaptation may have oc-
curred, and detraining effects may have been mitigated.32 
Generally, the published reports to date have provided 
reassurance from CPET from the perspective of identifi-
cation of cardiopulmonary pathology.32,34 However, some 
reports found key physiological parameters at aerobic 
threshold to be reduced. Athletes reached aerobic thresh-
old at a significantly earlier load, with a lower oxygen con-
sumption, oxygen pulse, and minute ventilation.

Several CPET studies in post- COVID- 19 cohorts in 
the general population have detailed a high prevalence of 
breathing pattern disorders+/− hyperventilation.39 In this 
context, CPET was valuable in that it provides reassurance 
regarding the presence of a normal peak oxygen uptake, 
but simultaneously identifies features such as an abnor-
mally high breathing frequency+/− erratic tidal volume for 
a given work rate.39 This chaotic ventilation may be driven 
by chemoreceptor abnormalities or central control issues, 
which drives abnormalities in perception of breathing. 
However, the exact mechanism for persistent exertional 
dyspnea in the context of dysfunctional breathing fol-
lowing COVID- 19 is currently unknown.39 Therefore, to 
assess this issue, athletes reporting exertional dyspnea, 
persistent post- exercise cough, chest tightness, or abnor-
mal spirometric indices, should be considered for inves-
tigations of a breathing pattern disorder, in addition to 
other tests of pulmonary physiology to identify reversible 
pathology such as exercise- induced bronchoconstriction 
(EIB).40

4  |  LIMITATIONS

There are some limitations to this review that should be 
considered. With the emergence of new variants of SARS- 
CoV- 2, there is potential that the presentation of post- 
COVID- 19 sequalae and the influence on physiological 
parameters may differ. Varying definitions of symptom 
severity throughout the evaluated literature highlights the 
need for an individualized approach and management, 
which is further obscured by the introduction and effects of 
vaccines. The limitations of each individual study should 
be considered when interpreting results. A further key 
area is the heterogeneity of symptoms time course were 
reported, and physiological measurements taken. There 
is a range from immediately after COVID- 19 infection up 
until three to 6 months which may lead to inaccuracies 
and difficulty generalizing results. Moreover, studies that 
used an observational research design without the com-
parison to pre- existing baseline measurements also make 
interpretation and the generalization of results difficult. 
Particularly as the declines observed may be attributed to 

detraining effects, periods of inadequate training instead 
of actual physiological change.

5  |  PERSPECTIVE AND 
RECOMMENDATIONS

As studies continue to report findings in athletes recover-
ing from COVID- 19, further details regarding pulmonary 
function and imaging will undoubdetly emerge. The liter-
ature included in this review has predominantly identified 
findings in young, adult white patients and thus the gen-
eralizability of the published findings is limited. Future 
studies should aim to recruit more diverse, heterogenous 
sample populations that lead to more robust and complete 
datasets.

The papers assessing symptom clusters and preva-
lence should state the sporting level of athletes, the train-
ing experience, occurrence of comorbidities and some a 
breakdown of ethnicity demographics. Furthermore, pro-
spective work should evaluate training time out, detrain-
ing and compare with other non- SARS- CoV- 2 infections, 
to determine whether findings are COVID- 19 specific.

In the meantime, it is recommended that any athlete 
with breathlessness undergoes a detailed clinical review 
to identify clinical features that may identify pulmonary 
vascular issues (e.g., pleuritic chest pain) or airway centric 
symptoms to help direct investigations.9 Features of car-
diac concern (e.g., chest pain, palpitations) should prompt 
cardiology assessment, with minimum recommendation 
that any individual with ongoing breathlessness has a 
chest x- ray, full blood count and spirometry+/− measure-
ment of airway inflammation with possible assessment of 
gas transfer. A CPET test provides useful insight and may 
reassure individuals with ongoing exertional symptoms.

In conclusion, the vast majority of athletes with 
COVID- 19 appear to develop a self- limiting, mild disease 
and do not require targeted treatment of hospital- based 
care. Persistent respiratory symptoms and an initial pre-
sentation with lower respiratory- focused symptoms ap-
pear to be associated with longer recovery and extended 
return to play. In this setting, it is still rare to identify a 
protracted pulmonary pathological process secondary to 
SARS- CoV- 2 but serious pulmonary conditions (e.g., PE) 
should be identified with a robust clinical- investigation 
algorithm. The use of CPET and pulmonary function 
testing appear to be valuable in providing reassurance 
of the lack of cardiopulmonary pathology and in the 
identification of airway disease+/− a breathing pattern 
disorder. Although breathlessness may be a relevant 
clinical issue in a proportion of athletes recovering from 
COVID- 19, both may identify other issues by evaluat-
ing cardiopulmonary performance under physiological 



10 |   WILLIAMS and HULL

stress and identify features such as autonomic dysfunc-
tion or breathing pattern dysfunction. Future research 
should focus on evaluating gas exchange indices and 
pulmonary imaging in athletes with persistent dyspnea 
with an inclusive perspective.
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