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ABSTRACT ARTICLE HISTORY
Objective: Athletes are susceptible to acute respiratory tract infections, including SARS-CoV-2, Received 31 May 2023
which can affect cardiovascular function. We aimed to evaluate the impact of COVID-19 infection Revised 29 September
and quarantine on cardiac function in male and female collegiate athletes. 2023

Methods: We conducted a single-center, prospective, case-control study and performed Accepted 5 October 2023
transthoracic echocardiography in a diverse group of convalescent SARS-CoV-2-positive athletes KEYWORDS
following a 10-14-day quarantine, matched to non-SARS-CoV-2 athletes. Data collection occurred SARS-CoV-2; collegiate
from August 1, 2020, to May 31, 2021. athlete; COVID;
Results: We evaluated 61 SARS-CoV-2-positive athletes (20+ 1years, 39% female) and 61 controls cardiovascular changes
(age 20+2years, 39% female). Echocardiography in SARS-CoV-2-positive athletes was performed

on average 40+38days after infection diagnosis. All SARS-CoV-2-positive athletes had clinically

normal systolic left ventricular function (LVEF > 50%). However, SARS-CoV-2-positive athletes

exhibited mildly lower LVEF compared to controls (65+6% vs. 72+8%, respectively, p<0.001),

which remained significant when evaluated separately for female and male athletes. Sub-analysis

revealed these differences occurred only when imaging occurred within a mean average of 27 days

of infection, with a longer recovery period (=27 days) resulting in no differences. SARS-CoV-2-positive

male athletes exhibited higher left ventricular end-diastolic volume and mitral filling velocities

compared to male controls.

Conclusion: Our study reveals unique sex-specific cardiac changes in collegiate athletes following

SARS-CoV-2 infection and quarantine compared to controls. Despite a mild reduction in LVEF,

which was only observed in the first weeks following infection, no clinically significant cardiac

abnormalities were observed. Further research is required to understand if the changes in LVEF

are directly attributed to the infection or indirectly through exercise restrictions resulting from

quarantine.

Abbreviations: ACE2: Angiotensin-converting enzyme 2; CMR: cardiac magnetic resonance imaging;
e": Tissue-Doppler myocardial early filling; IVSDd: Intraventricular septal diastolic diameter; LVEDD:
LV end-diastolic diameter; LVEDD:i: Left ventricular end-diastolic diameter index; LVEF: Left ventricular
ejection fraction; PCR: Polymerase chain reaction; PEF: Peak expiratory flow; R: Resistance; s
Tissue-Doppler myocardial systolic; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2;
TMPRSS2: Transmembrane serine protease 2; TTE: Transthoracic echocardiography

Introduction (SARS-CoV-2) infection were subjected to a series of
direct and indirect perturbations that could alter car-
diovascular function. Possible direct SARS-CoV-2 car-
diac involvement included myocardial and pericardial

In the early stages of the Coronavirus disease 2019
(COVID-19) pandemic, collegiate athletes diagnosed
with severe acute respiratory syndrome coronavirus 2
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abnormalities, with reports from multiple large-scale
prospective studies suggesting a prevalence of approx-
imately 1% in competitive athletes across various dis-
ciplines [1-3]. Notably, the potential direct cardiac
insult associated with COVID-19 occurs in the context
of additional concomitant indirect effects that may
combine to alter cardiovascular function and athletic
performance adversely. Following diagnosis with
COVID-19, athletes are required to undergo a quaran-
tine period with concurrent training restrictions. These
procedures aimed to reduce viral transmission and
minimize the risk of health complications. Depending
on the initial level of physical conditioning and the
severity of detraining, reductions in circulating blood
volume, left ventricular wall thickness, and chamber
size may occur within the early stages of reduced
training load in elite competitive athletes [4,5]. Thus,
collegiate athletes presenting with COVID-19, or similar
acute respiratory illnesses requiring time off from
training may be vulnerable to changes in the cardio-
vascular system that may cause symptoms or reduced
exercise performance in the weeks following infection.

An important consideration is that although a simi-
lar proportion of female collegiate athletes have been
reported to test positive for SARS-CoV-2 infection, the
impact of the combined direct and indirect effects of
COVID-19 on cardiac morphology in female athletes
remains poorly understood [1,6]. To date, the
sex-disaggregated symptomatic data in collegiate ath-
letes suggest that males and females report a similar
proportion of persistent symptoms (symptoms lasting
>3 weeks) following SARS-CoV-2 infection, but a greater
proportion of female competitive athletes reported
exertional cardiopulmonary symptoms compared to
males [7]. Moreover, the physiological and morpholog-
ical differences reported between males and females
following exercise adaptation suggest that the cardiac
adaptation to prescribed detraining following infection
may also differ.

Before the COVID-19 pandemic, Valtonen et al.
(2019) demonstrated that many respiratory viruses
identified in Olympic athletes following acute respira-
tory illnesses were certain strands of coronaviruses [8].
However, since the COVID-19 outbreak began,
SARS-CoV-2 has been the primary pathogen causing
acute respiratory infection in the general population
[9] and in athletes [10,11]. In addition, recent work
found an incidence of 4.7 (per 1000 athlete days) of
acute respiratory illness in athletes [12]. Therefore,
given the high prevalence of acute respiratory infec-
tions in collegiate athletes, which can cause absence
from training and competition, important lessons can
be learned from evaluating the cardiovascular changes

following COVID-19 diagnosis and subsequent quaran-
tine procedures [12,13].

We therefore prospectively planned the present
study to define the echocardiographic features of male
and female collegiate athletes in the weeks following
SARS-CoV-2 infection and a strict quarantine proce-
dure with exercise restriction. We hypothesized that
athletes following SARS-CoV-2 infection and quaran-
tine would demonstrate significant sex-specific cardiac
remodeling changes compared to matched healthy,
non-SARS-CoV-2 infected athlete controls that would
persist for several weeks following the quarantine
period. We also hypothesized that these differences
would only be evident in the athletes tested within
the first few weeks following infection. In order to
scrutinize this hypothesis, we conducted transthoracic
echocardiography on each athlete in a timeframe after
they resumed athletic activity. Our objective was to
ascertain the presence of any noteworthy modifica-
tions in cardiovascular function.

Methods
Study design

The current investigation was a single-center
case-control study involving current NCAA Division 1
collegiate athletes with a confirmed positive
SARS-CoV-2 diagnosis during the fall 2020 semester
and matched non-SARS-CoV-2 athlete controls.
Individuals were eligible to enroll if they were cur-
rently a student-athlete at Kansas State University,
actively training or competing, and undergoing weekly
screening for SARS-CoV-2 infection.

Following a positive SARS-CoV-2 test confirmed via
standard clinical laboratory procedures (PCR or anti-
gen) performed by Kansas State University medical
staff and completion of mandatory quarantine, ath-
letes were contacted about the study. All enrolled
SARS-CoV-2-recovered participants were propensity
score matched (1:1) to non-SARS-CoV-2 athlete con-
trols, as determined by negative clinical laboratory
procedures (PCR, antigen, or antibody) based on age,
biological sex, race, and body mass index to improve
statistical power as is common in case-control studies
[14]. SARS-CoV-2-recovered participants were sched-
uled for transthoracic echocardiography following
medical clearance for return to regular activity. The
duration between diagnosis and echocardiography
measurement varied due to scheduling challenges
with individual athletes, with a mean average of
40days (27-day median average). This study protocol
was in accordance with the ethical standards of the



institution or national research committee. Approval
was received by the Institutional Review Board of
Kansas State University and conformed to the stan-
dards set by the Declaration of Helsinki (Kansas State
University Research Compliance Office Federalwide
Assurance: FWA00000865). Verbal and written informed
consent were obtained from all participants included
in the study.

Measurements

Transthoracic echocardiography (GE Medical Systems
Ltd.,, Vivid S6) was performed, using the American
College of Cardiology guidelines for competitive ath-
letes and highly active people for return to play status
after SARS-CoV-2 diagnosis as guidance [15]. All
non-SARS-CoV-2 participants completed a transtho-
racic echocardiography evaluation following a negative
SARS-CoV-2 test. A trained echocardiographer con-
ducted all echocardiography measures with a 1.5- to
4.3-MHz phased array transducer. Standard views were
acquired, and measurements of the left ventricular
chamber were quantified per published guidelines
[16]. Cutoff values for suspected SARS-CoV-2-induced
myocardial injury included left ventricular end-diastolic
diameter (LVEDD) of >70mm in men and >60 in
women as a measure of severe left ventricular (LV) dil-
atation and LV ejection fraction (LVEF) <50% as previ-
ously described [15]. In addition, we assessed arterial
blood pressure via an automated blood pressure mon-
itor before imaging following a 10min rest period in
the supine position (Omron HealthCare Co. Ltd.
HEM-907XL Kyoto, Japan).

Statistical analysis

Participant characteristics are described with continu-
ous data presented as mean=+SD, and categorical data
are presented as counts and percentages. For normally
distributed outcomes, comparisons between positive
SARS-CoV-2 and controls were analyzed with indepen-
dent samples t-test. Non-normally distributed data
were analyzed with the Mann-Whitney U-test. Given
the potential differences in PCR testing relative to anti-
gen for SARS-CoV-2, we performed a subanalysis that
included only PCR-confirmed SARS-CoV-2 infection. All
significance tests were two-sided, using p<0.05 as the
level of statistical significance. Given the variability in
time between SARS-CoV-2 and echocardiography mea-
surements, positive SARS-CoV-2 were grouped based
on the duration between diagnosis and study enroll-
ment. Groups were defined as within 27days of

ANNALS OF MEDICINE € 3
diagnosis and to =27 days and was chosen as it repre-
sented the median duration from diagnosis in our
study sample. Prism (version 7.04, Graphpad software,
INC., La Jolla, CA) data analysis software was used for
all statistical analysis.

Results
Study population

A total of 68 athletes had a positive SARS-CoV-2 and
agreed to participate in the study; however, 7 were
excluded from the analysis due to missing/incomplete
cardiac images. In the 61 SARS-CoV-2-positive athletes
(201 yrs., 39% female), cardiac images were obtained
on average 40days post-infection and compared to 61
matched controls (age 20+2 yrs, 39% female).
SARS-CoV-2 positive athletes were involved in the fol-
lowing sports: baseball (6), cheerleading (5), football
(26), men’s basketball (2), rowing (4), track & field (6),
volleyball (1), women’s basketball (2), and women'’s
soccer (9). SARS-CoV-2 negative athletes (n=61) partic-
ipated in the following sports: baseball (25), cheerlead-
ing (5), football (1), men’s basketball (4), rowing (8),
track & field (4), volleyball (2), women’s basketball (2),
women’s soccer (7), and women's tennis (3). At the
time of infection, 44% of the SARS-CoV-2-positive ath-
letes reported having mild illness, and 56% were
asymptomatic. No athlete reported cardiac-related
symptoms.

Upon analysis, most cardiac wall and cavity dimen-
sions were similar in the athletes with a history of
SARS-CoV-2 infection compared to matched controls
(Table 1 and Figure 1). Left ventricular end-diastolic
diameter (LVEDD) was similar between SARS-CoV-2
positive athletes compared to controls. This similarity
remained in the female athletes (Figure 2). However,
males exhibited a slightly higher absolute LVEDD than
controls (5.2+0.5 vs. 50+£0.4cm, p=0.01) (Figure 3).
Upon further investigation, in SARS-CoV-2 positive
male athletes imaged within 27days of diagnosis,
LVEDD was significantly higher compared to controls
(3.2£0.4 vs. 3.5+0.5, p=0.02), but in those SARS-CoV-2
positive male athletes imaged =27 days post-diagnosis
there was no significant difference (3.3+0.6 vs.
3.6+0.3cm, p=0.2). Importantly, no athletes with a
history of SARS-CoV-2 had the presence of dispropor-
tionate or severe LV dilation (LVEDD >7cm in males
and >6cm in females). Left ventricular intraventricular
septal dimension in diastole (IVSDd) was similar
between SARS-CoV-2 positive athletes compared to
controls (1.0£0.2 vs. 1.1£0.2mm, p=0.07) (Figure 1).
However, when separating female and male athletes,
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Table 1. Demographics, clinical characteristics, and echocardiographic imaging findings in SARS-CoV-2-positive athletes compared

to matched negative controls.

Combined Female Male

COvID-19 Negative COVID-19 Negative COovID-19 Negative

Positive Control p Value Positive Control p Value Positive Control p Value
N 61 61 - 24 24 - 37 37 -
Age, yrs 201 20+2 0.8 19+1 19x1 0.6 211 21+2 >0.9
Sex, % women 39 39 - - - - - - -
BMI, kg/m? 275 25+3 0.2 23+4 24+2 0.8 29+5 27+4 0.04
Days since 40+38 - - 51+43 - - 31£32 - -

diagnosis

Vital signs
SBP, mmHg 122+11 12712 0.2 120+10 122+10 0.5 12411 13012 0.1
DBP, mmHg 63+8 63+7 0.8 62+7 62+6 0.9 63+9 64+7 0.7
LVmass, g 204+62 207 £62 0.82 168+ 54 172+51 0.8 228 +56 229+59 0.9
Lvsv 76+19 73+16 0.36 65+14 66+17 0.8 84+18 78+14 0.15
IVSDd, mm 1.0+0.2 1.1£0.2 0.07 1.0£0.2 1.0£0.2 0.7 1.1+£0.2 1.2+0.2 0.04
PWDd, mm 1.0£0.2 1.0£0.2 0.6 1.0£0.2 1.0£0.2 0.8 1.1£0.2 1.1£0.2 0.4
RWT 0.42+0.08 0.48+0.08 0.2 0.43+0.09 0.43+0.07 >0.9 0.41+0.08 0.45+0.09 0.07
LVM, g 204+92 206 +62 0.8 168+54 172+50 0.4 228+55 227459 >0.9
LVMi, g/ m? 96+22 10125 03 90+22 95+22 0.6 100+22 10624 04
LVEDD, cm 50+06 48+04 0.1 46+0.5 46+04 >0.9 5.2+0.5 5.0+0.4 0.01
LVEDDi, cm/m? 24+03 24+03 0.2 26104 26+0.3 0.4 23+0.2 23+0.2 0.3
LVEDV, ml 127£33 118+24 0.19 10719 103+20 0.5 140+33 127 +£21 0.09
LVEDVi, ml/m? 60+11 58+9 0.5 59+10 57+9 0.6 62+12 59+8 0.6
LVEF, % 65+6 72+8 <0.0001 67+6 72+8 0.02 64+6 72+8 <0.001
LVEF <50%, % 0 0 >0.9 0 0 >0.9 0 0 >0.9
SV, ml 76+19 73+16 0.4 65+13 66+16 0.4 84+18 78+14 0.2
SV, ml/m? 364+7 377 0.9 36+8 36+9 >0.9 3717 37+6 >0.9
E 0.86+0.15 0.90+0.15 0.13 0.88+0.1 0.96+0.15 0.2 0.84+0.17 0.86+0.13 0.4
A 0.45+0.10 0.4+0.09 0.08 0.4+0.06 0.41x0.10 0.4 0.47+0.12 0.41x0.08 0.07
E/A 2.00+0.5 2.3+0.52 0.006 22+04 24+0.6 0.2 1.89+£0.48 2.14+0.47 0.008
Septal €’ 0.16+0.16 0.14%0.03 03 0.13£0.02 0.14%0.02 0.3 0.18+0.2 0.14%0.02 0.3
Septal s’ 0.09+0.01 0.09+0.02 0.8 0.08+0.01 0.08+0.01 0.8 0.09+0.02 0.10+0.03 0.6
E/e 6.6+1.7 6.7£1.6 0.6 6.6+1.2 69+1.8 0.7 6.7£19 65+15 0.6

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; IVSDd: intraventricular septum diastolic dimension; PWDd: posterior wall
diastolic dimension; RWT: relative wall thickness; LVmass: left-ventricular mass; LVEDD: left-ventricular end-diastolic diameter; LVEDV: left-ventricular

end-diastolic volume; LVESV: left-ventricular end-systolic volume; LVEF: left-ventricular ejection fraction; SV: stroke volume.

the COVID-positive male athletes had a lower
IVSDd than controls (1.1+0.2 vs.1.2+0.2mm, p=0.04)
(Figure 3), with no differences detected in females
(1.0£0.2 vs. 1.0£0.2mm, p=0.7) (Figure 2).

LVEF was significantly lower in SARS-CoV-2 positive
athletes compared to controls (65+6% vs. 72+8%,
p<0.0001) (Figure 1). In contrast, peak systolic tissue
velocity, an important marker of LV systolic function,
was not different in SARS-CoV-2 positive athletes
compared to controls. The difference in LVEF persisted
when females and males were analyzed separately
(male, 64+6% vs. 72+8%, p<0.001 (Figure 3); female,
67+£6% vs. 72+8%, p=0.02) (Figure 2). A sub-analysis
was performed to determine if the time between
diagnosis and imaging influenced this finding. In
SARS-CoV-2 positive female athletes imaged within
27days of diagnosis, LVEF was significantly lower
compared to controls (64+6% vs. 73+7% respectively,
p=0.01). A similar finding was observed in SARS-CoV-2
positive male athletes compared to controls (62+4 vs.
72+7% respectively, p<0.001). However, in SARS-CoV-2
positive male and female athletes tested >27days
post-diagnosis, there were no significant differences
compared to controls (female: 68+6 vs. 71+8%,

p=0.3; male: 65+6 vs. 71+£9, p=0.09). Importantly,
LVEF was greater than 50% in all SARS-CoV-2-positive
athletes in all instances, indicating normal systolic LV
function. Moreover, peak systolic tissue velocity was
not different when females and males were analyzed
separately, supporting normal systolic LV function.
These are clinically significant findings, as a value less
than 50% has been identified as a ‘red flag’ for the
plausibility of SARS-CoV-2 myocardial injury [15].

Mitral valve early filling (E) and atrial (A) velocities
were not different between groups; however, when
assessing the mitral E and A diastolic filling velocities
(E/A) ratio, SARS-CoVo2-positive athletes exhibited a
lower E/A than controls (2.0+0.5 vs. 2.3+0.52, p=0.006)
(Figure 1). The male athletes also noted this difference
(1.89+0.48 vs. 2.14+0.47, p=0.008). Tissue-Doppler
assessments of the lateral myocardial wall revealed
similar early filling (e') velocities across groups. All ath-
letes with a history of SARS-CoV-2 had age-specific
Tissue-Doppler €’ (Figures 2 and 3) with a similar E/’e
between groups. Tissue-Doppler myocardial systolic (s')
velocity was not different between groups.

Data were collected during the early stage of COVID
testing for diagnosis status, and thus, some of our



Figure 1. Comparison of interventricular septal wall thickness
at end-diastole (IVSDd), left ventricular ejection fraction (LVEF),
and Tissue-Doppler ratio of myocardial early (E) and late (A)
ventricular filling velocity in collegiate athletes during the con-
valescent stage of SARS-CoV-2 recovery compared to
non-SARS-CoV-2 athlete controls. The dotted line represents a
LVEF of 50%.

student-athletes had only received antigen (rapid) test-
ing. Although antigen and PCR tests are relatively sim-
ilar and both result in high sensitivity to detect
SARS-CoV-2 [17] we included a sub-analysis of only
PCR-confirmed SARS-CoV-2 infection. This resulted in a
total of 45 PCR-confirmed positive SARS-CoV-2 infec-
tions. Within this sub-analysis, LVEDD was similar
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across all groups. However, LVEF remained lower in the
COVID-19-positive  athletes compared to controls
(67+£6 vs. 717, p<0.001). This difference persisted
across male (65+6 vs. 71+7, respectively, p = 0.07)
and female athletes (66+6 vs. 71%7, respectively,
p=0.003). Mitral valve or tissue-Doppler velocities were
similar across all groups.

Discussion

This study aimed to examine the transthoracic imaging
outcomes of female and male collegiate athletes
during the early convalescent stage of COVID-19 infec-
tion after a mandatory quarantine period including
exercise training restrictions. Our study revealed that
the LVEF of recently recovered athletes was slightly
lower than that of matched controls but still within
the clinically normal range and occurred independently
in both female and male athletes. Moreover, our anal-
ysis revealed that the lower LVEF only occurred in ath-
letes imaged within 27days of diagnosis and that
athletes who had a longer recovery between diagnosis
and imaging (i.e. = 27days) had no difference in LVEF
compared to matched controls. In addition, and clini-
cally meaningful, none of the athletes displayed an
LVEF that would suggest SARS-CoV-2-induced cardiac
injury, indicating that cardiovascular deconditioning
caused by detraining during the quarantine period
may have been the cause. This finding was supported
by similar peak systolic LV tissue velocity, an index of
systolic function, between groups. We also observed
that SARS-CoV-2 positive male athletes had lower
IVSDd and E/A with higher LVEDD than healthy con-
trols, but we did not observe these differences in
female athletes. The lower LVEDD in male athletes was
also dependent on time, with no differences in LVEDD
observed in SARS-CoV-2 positive male athletes imaged
>27days post-diagnosis compared to controls.
Therefore, our analysis demonstrated that neither
female nor male athletes exhibited clinical cardiac
abnormalities consistent with direct SARS-CoV-2 car-
diac injury, with similar responses in both groups [15].

Previous reports regarding the impact of COVID-19 on
cardiac function in competitive athletes have yielded
mixed findings using varying methodologies to assess
cardiac dysfunction over a relatively short-duration fol-
lowing infection. Recent work by Moulson et al. (2021)
reported that the prevalence of clinically significant
SARS-CoV-2 cardiac involvement in collegiate athletes is
<1% when assessed via transthoracic echocardiography
in early stages (~10days post SARS-CoV-2 diagnosis) [1].
Clark et al. (2021) supported this finding and reported
~2.5% of professional athletes with COVID-19 exhibited
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Figure 2. Comparisons of left ventricular end-diastolic diameter (LVEDD), left ventricular ejection fraction (LVEF), Tissue-Doppler myo-
cardial early filling ('), and interventricular septal wall thickness at end-diastole (IVSDd) in female athletes. LVEF was mildly lower in
SARS-CoV-2 athletes compared to matched controls. The dotted line represents a LVEF of 50%.

Figure 3. Comparisons of left ventricular end-diastolic diameter (LVEDD), left ventricular ejection fraction (LVEF), Tissue-Doppler
myocardial early filling (¢), and interventricular septal wall thickness at end-diastole (IVSDd) in male athletes. LVEF was mildly
lower in SARS-CoV-2 athletes compared to matched controls. The dotted line represents a LVEF of 50%.



cardiac injury in the early stages of infection [18]. Within
that study, COVID-19 positive athletes all had normal tro-
ponin and left ventricular strain imaging, with only one
athlete meeting the cardiac magnetic resonance (CMR)
criteria for myocarditis. Although no athletes in the cur-
rent study presented with myocarditis, we recently pub-
lished a case series of cardiac abnormalities in athletes
after COVID-19 infection. All four athletes had an abnor-
mal left ventricular global longitudinal strain, and one
presented with recent myocarditis [19]. Moreover, a
recent study investigated twenty-six COVID-19 positive
student-athletes and reported that none of the athletes
had markers of elevated troponin, but 46% showed the
presence of CMR-indicated late gadolinium enhancement
— an imaging technique used to assess myocardial injury
clinically [20]. Additionally, athletes with persistent symp-
toms had no SARS-CoV-2 sequelae following evaluations.
Still, within athletes who had chest pain upon return to
exercise, 20.8% of cases had probable or definite
SARS-CoV-2 cardiac involvement on CMR [7]. Others have
reported that ~40% of COVID-19 athletes exhibit late
pericardial enhancement, with over half of athletes show-
ing subclinical myocardial and pericardial disease [21].

Limited prospective data exist evaluating sex-specific
differences in cardiac involvement among athletes fol-
lowing diagnosis and quarantine for respiratory infec-
tions like SARS-CoV-2. We observed a significantly
lower but clinically normal LVEF in female and male
athletes during the convalescent phase of recovery
compared to matched controls. Moreover, this finding
was dependent on the timing of imaging relative to
diagnosis, with only those athletes imaged within
27 days of diagnosis having a significantly lower LVEF.
The similar response between females and males for
LVEF was mirrored by most echocardiographic-derived
variables, with minor discrepancies between sexes.
Moreover, neither female nor male athletes exhibited
any previously identified ‘red-flags’ for SARS-CoV-2 car-
diac injury. Like the present study, in a cohort of 100
patients recovering from SARS-CoV-2 infection,
Puntmann et al. (2020) [22] reported relatively mild
decreases in LVEF compared to healthy controls but
within standard criteria. However, this is not a consis-
tent finding, with numerous reports of an unchanged
LVEF following SARS-CoV-2 infection in the acute
recovery and convalescent phases [23, 24]. An essen-
tial consideration in the present study is the initial
training status of collegiate athletes. Although we did
not assess cardiorespiratory fitness, all recruited ath-
letes were actively training or competing in their
respective sports.

Unfortunately, we could not assess global left ven-
tricular strain and strain rate with myocardial work
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analysis, an emerging method incorporating left ven-
tricular afterload into global longitudinal strain analy-
sis [25]. While LVEF is the classical index for evaluating
LV function, it often lacks sensitivity is influenced by
ventricular loading (e.g. afterload) and LV geometry,
factors that have been previously reviewed [26].
Therefore, to mitigate this limitation, we also mea-
sured peak LV systolic velocity via tissue Doppler as a
secondary qualitative assessment of LV function [27].
Notably, peak systolic LV tissue velocity was not differ-
ent within both male and female athlete groups.
Therefore, coupled with the preserved stroke volume
and LVEF within the normal range for this population,
these findings suggest that LV systolic function was
relatively normal following infection and quarantine. A
second important limitation is that we had no
pre-infection cardiac volumes/function measurements
in these athletes. This limitation precludes us from
determining if the lower LVEF is new, possibly due to
direct SARS-CoV-2 involvement or an indirect conse-
quence of the SARS-CoV-2 quarantine protocol restrict-
ing exercise training.

The minor changes observed in the present study
may be due to alterations in training status that occur
with strict quarantine protocols. It is well established
that removal or reduction in exercise volume can result
in loss of athletic cardiac adaptations related to regu-
lar training. During data collection (August 2020-May
2021), a positive COVID-19 diagnosis resulted in a
10-14-day isolation period with cessation of exercise
training, which would result in an acute detraining
phase in this highly trained group of athletes [28]. In
a recent review of detraining effects on cardiac struc-
ture and function in athletes, reduction in LV wall
thickness and chamber dimensions are experienced
within the first couple weeks of detraining [29].
However, there is limited evidence of exercise detrain-
ing studies eliciting reductions in LVEF. Thus, the minor
reductions in LVEF we see in SARS-CoV-2 positive ath-
letes compared to controls may be a combination of
both the infection and detraining effects.

The sex-specific alterations observed in the present
study, due to SARS-CoV-2 infection and detraining,
provide additional insight into the sex-based differ-
ences in cardiovascular structure and outcomes in ath-
letes. As recently reviewed, sex-specific remodeling
with exercise detaining is inconclusive due to the rela-
tive paucity of females in published work, particularly
female collegiate athletes [29]. However, the cardiac
adaption to detraining, like exercise training, may be
influenced by physiological and morphological distinc-
tions between males and females [29,30]. Extreme
detraining via strict bed rest has been shown to elicit



8 €> V-R.G.TURPINETAL.
similar reductions in left ventricular mass in men and
women [31]; however, this may not translate to
short-duration reduced sport-specific training loads.
Interestingly, a recent study of men and women
showed a weak association between plasma volume
and ejection fraction following prescribed detraining
[5]. Unfortunately, the changes in blood/plasma vol-
ume were not assessed in the present study, and a
similar relationship could not be assessed. Some stud-
ies suggest that blood volume changes with physical
deconditioning may be different between men and
women [32], which may partially explain the sex-specific
observations in the present study. It remains unclear if
the different adaptations to exercise training for men
and women are mirrored in the detraining period. As
reviewed by Finocchiaro et al. [33] and Petek et al.
[34], female athletes engaged in dynamic-type sports
primarily exhibit eccentric LV remodeling compared to
the concentric LV remodeling observed in men
engaged in similar sports. This varied type of remodel-
ing to exercise training may partially explain the
decreased IVSDd, and LVEDD observed in the male
participants in the present study. Despite the current
paucity of information on sex-specific exercise detrain-
ing, particularly with concomitant respiratory infection,
the present study supports the ongoing work that sex
influences cardiac adaptation. Moreover, this work sup-
ports the need for additional work determining the
impact of sex on cardiovascular adaptations to exercise.
The present study is unique in that various athletes
across multiple sports were imaged, resulting in poten-
tial variations in the level of intensity of dynamic and
static exercise required for sport completion that may
influence exercise-induced cardiac remodeling. Sports
that are predominantly strength-specific will result in
concentric hypertrophy in which the athlete experi-
ences an increase in LV mass and wall thickness, while
sports that require more endurance training will result
in eccentric hypertrophy, which consists of enlarge-
ment in the atria along with dilation of both ventricles
[35]. These sport-specific cardiac changes can also vary
depending on the athlete’s sex, as females in dynamic
sports have a higher prevalence of eccentric left ven-
tricular hypertrophy, while males in dynamic sports
tend to display concentric LV remodeling [33]. Notably,
most athletes in the present study performed mixed
exercise-type sports. Using recently published classifi-
cation resulted in 92% of athletes engaged in moder-
ate/high dynamic and 85% in low/moderate static
intensity levels [30]. However, this is only an estimate
as many athletes were engaged in various levels of
strength, power, and endurance training separate from
their specific sports competition. As such, the mean

average absolute RWT in the present study was
0.43+0.08, suggesting a similar type of cardiac remod-
eling across our study sample [33].

Notably, the current study’s findings could extend
beyond SARS-CoV-2 infections and into other viral infec-
tions that lead to time off from training. Respiratory
tract infections, including the flu, respiratory syncytial
virus, and COVID-19, are the most common type of ill-
ness in athletes [11], with elite athletes having a higher
incidence than recreationally competitive athletes and
normally active individuals [36]. Recent work by Derman
et al. (2022) further revealed that a pooled incidence of
multiple types of acute respiratory infections reported
upwards of 4.9 infections per 1000 athlete days [12],
potentially impacting athlete health and performance.
The present study highlights how both direct and indi-
rect effects of infection can result in alterations in left
ventricular structure and function. While the mild differ-
ences observed in the SARS-CoV-2 athletes here were
still within clinically normal limits, they may negatively
affect exercise performance. Thus, the athlete, coaching,
strength and conditioning staff, athletic training, and
medical personnel should consider these changes when
making decisions and setting expectations regarding a
return to full training and competition. Moreover, given
that cardiac images were obtained on average 40days
post-infection (and thus 26-30days post-quarantine),
the present study suggests that several weeks may be
required to recover full cardiac function following
reduced LVEF following SARS-CoV-2 infection and
detraining during quarantine.

Limitations

This study presents a few notable limitations. First, this
study was completed in a single-center setting, which
may limit generalizing the observations to other insti-
tutions or athletic populations. Secondly, the time
duration of training status for each student-athlete
was not recorded; thus, we cannot report potential dif-
ferences following varying years of participation in
their respective sport. Additionally, we did not have
pre-SARS-CoV-2 infection measurements, limiting our
ability to evaluate any causal relationships surrounding
the indirect effects of quarantine detraining or direct
effects of SARS-CoV-2 infection on cardiac function.
Thus, our findings represent associations, and we can-
not determine causality. Our data were also collected
before any vaccines were available; thus, all
student-athletes were unvaccinated, and we cannot
provide insight into the potential efficacious effects of
vaccination status. Similarly, we did not assess cardio-
respiratory fitness throughout SARS-CoV-2 recovery.



Given the potential for cardiorespiratory detraining,
which can occur rapidly within a few days of inactivity
[37], we cannot delineate the true etiology of the
observed cardiac differences following SARS-CoV-2.

An important experimental consideration of the
present study is the limited ability to assess differences
between athletes with and without symptoms during
their SARS-CoV-2 infection. Less than half of the study
sample self-reported mild non-specific symptoms (e.g.
cough, sore throat, nasal congestion) during the time
of infection and thus limited sample size and ability to
directly assess differences based on the type of symp-
toms reported. Also, limited information on the dura-
tion of symptoms was available. This is, however, an
essential factor to consider, given that 2weeks of con-
valescence without resumption of exercise after symp-
tom resolution has been recommended. Therefore, the
duration of quarantine and reduced training load may
have varied between athletes and introduced addi-
tional variability in our study outcomes.

Conclusions

We present data from a cohort of collegiate athletes
during the convalescent phase of SARS-CoV-2 infection
who underwent a 10-14-day quarantine period with
restricted exercise training. We observed a relatively
mild lower, but clinically normal, LVEF between
SARS-CoV-2-positive athletes and non-SARS-CoV-2 con-
trols, with no athletes exhibiting clinically defined
pathologic SARS-CoV-2 cardiac involvement.
Importantly, these differences in LVEF were only
observed in athletes imaged within the first few weeks
(<27days) of infection. Athletes imaged =27days
post-infection (i.e. longer convalescent period), no dif-
ference in LVEF was observed compared to matched
controls. These findings are consistent with other stud-
ies showing minimal cardiac injury during COVID-19
recovery and suggest that indirect effects of cardiovas-
cular detraining during quarantine may have occurred.
However, future studies are warranted to determine if
the lower LVEF observed in SARS-CoV-2 infected and
quarantined athletes truly impacts performance and
recovery duration.
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