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ABSTRACT
There is limited knowledge regarding the cardiovascular impact of
coronavirus disease 2019 (COVID-19) on emerging adults aged 18-25,
a group that disproportionately contracts COVID-19. To guide future
cardiovascular disease (CVD) research, policy, and practice, a scoping
review was conducted to: (i) examine the impact of the COVID-19
pandemic on the cardiovascular health of emerging adults; and (ii)
identify strategies to screen for and manage COVID-19erelated car-
diovascular complications in this age group. A comprehensive search
strategy was applied to several academic databases and grey litera-
ture sources. An updated search yielded 6738 articles, 147 of which
were extracted and synthesized. Reports identified COVID-19eassoci-
ated cardiac abnormalities, vascular alterations, and multisystem in-
flammatory syndrome in emerging adults; based on data from student-
athlete samples, prevalence estimates of myocarditis and cardiac
abnormalities were 0.5%-3% and 0%-7%, respectively. Obesity, hy-
pertension, CVD, congenital heart disease, and marginalization are
potential risk factors for severe COVID-19, related cardiovascular
complications, and mortality in this age group. As a screening modality
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R�ESUM�E
Il existe peu de donn�ees portant sur les r�epercussions de la maladie à
coronavirus 2019 (COVID-19) sur le plan cardiovasculaire chez les
jeunes adultes âg�es de 18 à 25 ans, un groupe contractant la COVID-
19 de façon disproportionn�ee. Afin d’orienter la recherche, les poli-
tiques et les pratiques en matière de maladies cardiovasculaires
(MCV), un examen exploratoire a �et�e r�ealis�e dans le but i) d’examiner
les cons�equences de la pand�emie de la COVID-19 sur la sant�e car-
diovasculaire des jeunes adultes, et ii) de proposer des strat�egies de
d�epistage et de prise en charge des complications cardiovasculaires
associ�ees à la COVID-19 chez les personnes de cette tranche d’âge.
Une recherche initiale exhaustive a �et�e r�ealis�ee dans plusieurs bases
de donn�ees universitaires et sources de litt�erature grise. Les r�esultats
actualis�es de cette recherche ont permis de recenser 6 738 articles,
dont 147 ont �et�e extraits et synth�etis�es. Les rapports faisaient �etat
d’anomalies cardiaques, d’alt�erations vasculaires et de cas du syn-
drome inflammatoire multisyst�emique, tous associ�es à la COVID-19
chez les jeunes adultes. À la lumière des donn�ees sur les
�echantillons d’�etudiants-athlètes, la pr�evalence des myocardites et des
Coronavirus disease 2019 (COVID-19) illness severity varies
among those infected, and though the majority of individuals
present with a mild cough and flu-like symptoms, others may
experience pneumonia, virus-related cardiac injury, and/or
death.1 Individuals with cardiovascular comorbidities are at a
greater risk of experiencing more severe COVID-19, likely
due to the virus exacerbating pre-existing complications
through cardiac involvement.2,3 However, even in otherwise
healthy individuals, infection can lead to alterations in heart
structure (eg, fibrosis) and function. Karbalai Saleh et al.4

found that nearly 30% of their COVID-19 hospitalized pa-
tients (mean age ¼ 59 years) experienced cardiac injury,
which was associated with a nearly 2-fold increase in risk of
short-term mortality. Moreover, there are data to suggest that
individuals may be delaying or avoiding medical treatment for
cardiovascular emergencies in response to the pandemic, likely
resulting in worse cardiovascular outcomes and mortality. For
example, cardiac centres in Canada reported a 30% reduction
in emergency visits for ST-elevation myocardial infarctions
earlier in 2020.5
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for COVID-19eassociated cardiac involvement, it is recommended that
cardiac magnetic resonance imaging be indicated by a positive cardiac
history and/or abnormal “triad” testing (cardiac troponin, electrocar-
diogram, and transthoracic echocardiogram) to improve diagnostic
utility. To foster long-term cardiovascular health among emerging
adults, cardiorespiratory fitness, health literacy and education, and
telehealth accessibility should be priorities of health policy and clinical
practice. Ultimately, surveillance data from the broader emerging adult
population will be crucial to assess the long-term cardiovascular
impact of both COVID-19 infection and vaccination, guide screening
and management protocols, and inform CVD prevention efforts.

anomalies cardiaques se situait respectivement entre 0,5 et 3 %, et
entre 0 et 7 % environ. Chez ce même groupe d’âge, l’ob�esit�e, l’hy-
pertension, les MCV, les cardiopathies cong�enitales et la margin-
alisation constituent des facteurs de risque de COVID-19 s�evère, de
complications cardiovasculaires associ�ees à la COVID-19 et de mor-
talit�e. Dans le cadre du d�epistage des atteintes cardiaques associ�ees à
la COVID-19, il est recommand�e, pour am�eliorer l’utilit�e diagnostique,
d’indiquer l’imagerie par r�esonance magn�etique cardiaque lors de
l’existence d’ant�ec�edents cardiaques ou à la suite d’une « triade » de
d�epistages anormaux (la troponine cardiaque, l’�electrocardiogramme
et l’�echocardiographie transthoracique). Afin de favoriser une bonne
sant�e cardiovasculaire à long terme chez les jeunes adultes, il est
recommand�e que la capacit�e cardiorespiratoire, la litt�eratie dans le
domaine de la sant�e, l’�education et l’accès à la t�el�esant�e soient
int�egr�es à titre de priorit�es dans les politiques de sant�e et la pratique
clinique. En d�efinitive, les donn�ees de surveillance portant sur cette
large tranche d’âge seront essentielles pour �evaluer les r�epercussions
cardiovasculaires à long terme (autant celles d’infections à la COVID-
19 que celles de la vaccination), pour orienter les protocoles de
d�epistage et de prise en charge, ainsi que pour �eclairer les efforts de
pr�evention des MCV.
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The impact of COVID-19 on the cardiovascular health
of emerging adults

The majority of research on COVID-19 has focused on
cardiovascular complications in vulnerable populations, such
as older adults and those with pre-existing chronic condi-
tions.4,6 Research specific to emerging adults (ie, those aged
18-257,8) is lacking; however, there is preliminary evidence
demonstrating myocarditis and cardiac abnormalities in as
many as 58% of college athletes following COVID-19.9-11 As
of February 2022, Canadians between the ages of 20 and 29
(accounting for 13% of the total population12) represented
nearly one-fifth (n ¼ 610,151) of COVID-19 cases and
accounted for 4.8% (n ¼ 6346), 3.1% (n ¼ 699), and 0.3%
(n ¼ 106) of hospitalizations, intensive care unit (ICU) ad-
missions, and deaths, respectively.13 Cardiovascular compli-
cations, including cardiogenic shock and arrhythmias, have
been observed in COVID-19 patients 18 years old and
younger.14 Multisystem inflammatory syndrome in children/
adults (MIS-C/A) and life-threatening cardiovascular pre-
sentations (eg, myocarditis) have also been reported among
young adults with or after COVID-19, the long-term conse-
quences of which remain unknown.15 Furthermore, in light of
global vaccination efforts, new evidence has emerged
concerning the cardiovascular safety of COVID-19 vaccines
(eg, vaccine-related myocarditis) in younger age groups.16,17

Because emerging adults disproportionately contract
COVID-19,18,19 determining the short- and long-term im-
pacts of infection on cardiovascular function and cardiovas-
cular disease (CVD) risk will be of value to clinicians and
policymakers and better inform COVID-19 vaccination
policy.

Objectives

The current knowledge gaps surrounding the impact of
COVID-19 on the cardiovascular health of emerging adults
relate to: (i) the prevalence of COVID-19erelated cardio-
vascular presentations/complications; (ii) the appropriate
screening and management of such conditions; and (iii) car-
diovascular care. Therefore, to address the needs of various
knowledge users (eg, policymakers, programme planners, and
health care providers), a scoping review was conducted to: (i)
describe the impact of the COVID-19 pandemic on the
cardiovascular health of emerging adults; and (ii) identify
strategies to screen for and manage cardiovascular complica-
tions in emerging adults.
Methods
The Preferred Reporting Items for Systematic Reviews and

Meta-Analyses Extension for Scoping Reviews (PRISMA-
ScR)20 guided this scoping review. Scoping reviews are con-
ducted to examine the extent, range, and nature of the evi-
dence surrounding a given topic and often precede systematic
reviews when evidence in an area is new or limited. These
reviews map findings from a broader evidence set and identify
current gaps in the literature to support future research.20 In
comparison, systematic reviews additionally appraise the
literature (eg, assess risk of bias) and are more appropriate
when there are clearly defined research questions.

Search strategy

In consultation with a research librarian from McMaster
University, the search strategy was developed and applied to
the following bibliographic databases: MEDLINE (via Ovid),
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Embase, Web of Science, PsycInfo (via Pro-
Quest), and Sociological Abstracts. All identified keywords
and index terms related to COVID-19, emerging adults, and
the cardiovascular conditions of interest were included in the
search and adapted for each database (Supplemental
Table S1). Bibliographic databases were initially searched on
January 22, 2021, and updated on January 16, 2022; no date
limits were applied.



Box 1 Cardiovascular conditions included in the
screening criteria

� Hypertension or high blood pressure
� Arrhythmia (includes tachycardia, bradycardia, atrial

fibrillation)
� Myocardial infarction
� Heart failure
� Cardiac arrest
� Coronary heart disease or ischemic heart disease
� Stroke or cerebrovascular accident
� Transient ischemic attack
� Valvular heart disease
� Cardiomyopathy (includes myocarditis)
� Cardiovascular abnormalities
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Additional searches were conducted up until January 16,
2022, to locate grey literature from national and international
sources, including the Cardiac Health Foundation of Canada,
Heart and Stroke Foundation of Canada, Hypertension
Canada, McMaster Health Forum, and World Health
Organization.

Inclusion criteria

English-language articles were required to include the
following: (i) emerging adults (individuals aged approximately
18-25 � 2) as the main participant group or subgroup, or
postsecondary student samples with a mean age between 18
and 25; (ii) a COVID-19 context; and (iii) at least one of the
cardiovascular conditions of interest (Box 1). The age range
defining emerging adults varies across the literature, often
focusing on 18- to 25-year-olds but occasionally spanning 18-
29.7,8 The former definition (ie, ages 18-25) was selected by
the research team; however, when applicable, 18- to 29-year-
old cohorts were included in the review. All study designs
were considered for inclusion.

Exclusion criteria

Studies were excluded if they: (i) focused on emerging
adults who were pregnant or studying/working in health care;
(ii) did not reference COVID-19 or the cardiovascular con-
ditions outlined in the inclusion criteria; or (iii) were not
available in full text, with the exception of case reports and
case series. Articles related to COVID-19 vaccines were
excluded in the updated search as they were not part of the
initial scope of this project; however, these articles were
collected during the screening phase to provide additional
context and evidence for discussion.

Selection of studies

Citations were collated and imported into Covidence,21

and duplicates were automatically removed. After a pilot test
of the screening protocol, each title and abstract were screened
independently by 2 reviewers (MI, HK, KH, Y-HL, JC) and
assessed against the established inclusion/exclusion criteria.
Sources that appeared to satisfy the inclusion criteria were
then retrieved as full-text articles and examined by 2 inde-
pendent reviewers (MI, HK, KH, Y-HL, JC). Disagreements
that occurred between reviewers were resolved by the primary
author (ZVR).

Data extraction, quality assessment, and analysis

A standardized data extraction form was completed for
each included study to gather the following information:
publication details (publication year and full citation),
participant characteristics (country, population, and age),
study characteristics (aim, design, methods, inclusion/exclu-
sion criteria, sample size, measures, and interventions), car-
diovascular health outcomes, pertinent findings (eg, risk and
protective factors and prevalence and incidence estimates),
conclusions, and implications. Data extracted from included
articles were organized into Supplemental Tables S2 and S3.
In accordance with the PRISMA-ScR,20 articles were not
appraised for risk of bias or methodological quality. Thematic
content analysis, based on the scoping review objectives, was
conducted by the primary author (ZVR) with assistance from
researcher assistants (EK, EJ, MI, CP) and guidance from 2
senior researchers (KMD, VT).
Results

Search results

The academic database searches yielded 6738 articles after
the automatic removal of duplicates, of which 6233 were
deemed irrelevant during abstract and title screening. A total
of 505 articles then underwent full-text screening, of which
130 were excluded for reasons such as being COVID-19
vaccine related (n ¼ 41), including participants outside of
the established age criteria (n ¼ 24), not being available in full
text (n ¼ 19), not being directly related to COVID-19 (n ¼
14), or failing to report the mean age of participants (n ¼ 11)
(see Fig. 1). In total, 248 articles captured cardiovascular
health outcomes, though 33 were excluded during the data
extraction phase as they were either duplicates or did not meet
the inclusion criteria. Of these 215 articles, 147 featured
cardiovascular conditions among emerging adult populations
with a COVID-19 context: 36 and 111 articles from the
initial and updated search, respectively. The grey literature
search located no additional sources. Altogether, the evidence
in this review includes 117 case reports/series,22-138 28
observational studies,10,11,139-164 and 2 reviews/edito-
rials.165,166 Nearly half (49%; n ¼ 72) are from the United
States (US), followed by Iran (6.1%; n ¼ 9), the United
Kingdom (5.4%; n ¼ 8), and France (5.4%; n ¼ 8).
Objective #1: Impact of the COVID-19 Pandemic
on the Cardiovascular Health of Emerging
Adults

Of the 147 articles included, 117 case reports/series
identified 123 cases of emerging adults aged 18-25 (mean
age ¼ 21; 66% male) with active or previous COVID-19 and
cardiovascular presentations/complications, 47 of which were
classified by authors as hyperinflammatory syndromes,
namely, MIS. Tachycardia (n ¼ 65) was the most common
cardiovascular presentation (accompanied by MIS or another
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cardiovascular complication in 89% of cases), followed by
ventricular dysfunction (n ¼ 44), hypotension (n ¼ 37),
thrombosis (n ¼ 23), including pulmonary embolism and
stroke, cardiomyopathy (n ¼ 28), including myocarditis and
myopericarditis, heart failure (n ¼ 27), hypertension (n ¼ 8),
bradycardia (n ¼ 9), myocardial infarction (n ¼ 5), and
cardiac arrest (n ¼ 4); a detailed report of these cases can be
found in Supplemental Table S2. The majority of these cases
occurred in emerging adults with no reported history of CVD
(91%) or other comorbidities (60%), suggesting that
COVID-19 can lead to severe and sometimes fatal cardio-
vascular health outcomes (8.9%; n ¼ 11) in otherwise healthy
young adults. The following describes the types of cardio-
vascular manifestations in emerging adults who contracted
COVID-19 as well as related impacts on cardiovascular care.

Reports of myocarditis and cardiac abnormalities

In the initial search, 2 observational studies10,11 focusing
on COVID-19eassociated myocarditis and cardiac abnor-
malities (ie, findings not meeting the 2018 Lake Louise
Criteria167) among emerging adults were identified. Starekova
et al.11 examined electronic health records of 145 university
student-athletes aged 17-23 recovering from COVID-19 and
found that 1.4% (n ¼ 2) had cardiac magnetic resonance
imaging (cMRI) findings consistent with myocarditis. In a
cross-sectional study by Brito et al.,10 sequential cMRI was
performed on 48 college student-athletes (mean age ¼ 19)
who experienced mild or asymptomatic COVID-19; cardiac
abnormalities were observed in 56% (n ¼ 27) of participants,
including pericardial (n ¼ 13), myocardial (n ¼ 8), and
myopericardial involvement (n ¼ 6). These results initially
suggested that myocarditis and general cardiac effects may be
relatively common among healthy emerging adults post-
infection. Since then, 10 additional articles have been
identified,139-145,147,165,166 providing further insight into the
prevalence and associations of myocarditis and cardiac ab-
normalities after COVID-19 in emerging adults. The majority
of these data come from observational studies on student-
athlete populations.139-145,165,166 In the broader emerging
adult population, hospital-based administrative data from
2019 through 2021 from over 900 sites in the US identified
121 inpatients aged 16-24 diagnosed with COVID-19 and
myocarditis, yielding an adjusted risk 7.4 times greater than
that of their uninfected counterparts (0.098% vs 0.013%,
respectively).147

A recent systematic review by van Hattum et al.166 provided
prevalence estimates of COVID-19eassociated myocarditis and
other cardiac abnormalities (eg, arrhythmias) among student-
athletes after infection. Among 2326 college athletes (median
age ¼ 22), the weighted prevalence of myocarditis found with
cMRI was 2.1% using the established Lake Louise Criteria. The
majority (59%) of these individuals were mildly symptomatic
while infected; 22% were asymptomatic, and the remainder
experienced moderate (19%) or severe (0.2%) illness. There were
no observed arrhythmias and only 1 resuscitated cardiac arrest
unlikely attributable to COVID-19. Several studies in our evi-
dence set specific to COVID-19erelated myocarditis were
included in the review;166 prevalence estimates ranged from 0%
to 15%,10,11,139-146,165,166 which included both asymptomatic
and symptomatic cases of COVID-19.
Additional evidence has accumulated regarding the preva-
lence of general cardiac involvement (eg, myocardial oedema
and pericardial effusion) in emerging adults with COVID-19.
In a large cohort of 3018 college athletes (mean age ¼ 21
years), 0.7% (95% confidence interval [CI]: 0.4, 1.1) were
determined to have definite, probable, or possible severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)-related
myocardial or pericardial involvement with cMRI or “triad”
testing: cardiac troponin levels, an electrocardiogram (ECG),
and a transthoracic echocardiogram.140 An analysis by Petek
et al.141 used data from the Outcomes Registry for Cardiac
Conditions in Athletes (ORCCA), representing 44 US col-
leges, with a sample of 3597 student-athletes (mean age ¼ 20)
diagnosed with COVID-19. Investigation of individuals with
exertional cardiopulmonary symptoms (n ¼ 137) revealed 10
cases of cardiovascular sequelae (7.3%) and 5 cases (3.6%) of
definite or probable cardiac involvement via cMRI, repre-
senting 21% of athletes with chest pain after COVID-19. In
another group of 170 athletes aged 18-25, 3.5% (n ¼ 6) had
abnormal cardiac rhythms and 1.2% (n ¼ 2) were diagnosed
with viral pericarditis using cMRI.139 In a sample of 137
student-athletes aged 18-27, 82% (n ¼ 112) of whom were
symptomatic, algorithm-guided screening after COVID-19
identified trace pericardial effusions with echocardiography
in 2.9% (n ¼ 4) of participants.143 Similarly, although Małek
et al.144 identified no cases of myocarditis via cMRI in a
cohort of 26 athletes recovering mainly from asymptomatic or
mild infections (median age ¼ 24), 19% (n ¼ 5) demon-
strated cardiac abnormalities, including signs of myocardial
oedema and pericardial effusion. Compared with myocarditis,
most studies suggest that general cardiac involvement among
emerging adults following COVID-19 is more common (0%-
58%).10,11,139-146,166 However, it is of note that data from
larger cohorts (ie, N > 100) provided smaller prevalence es-
timates in athletes imaged with cMRI (0%-7%).11,139-141,143

Risk factors. Cohort analyses using cMRI or triad testing
identified several risk factors for cardiac involvement, including
White Hispanic race (odds ratio [OR]: 7.6; 95% CI: 2.2,
26.1), cardiopulmonary symptoms before or during infection
or return to exercise (adjusted OR [aOR]: 3.1; 95% CI: 1.2-
7.8), or 1 or more abnormal triad test results potentially asso-
ciated with COVID-19 (aOR: 37.4; 95% CI: 13.3-
105.3).140,141 The association between biological sex and
COVID-19eassociated cardiac abnormalities (eg, abnormal
ECG findings and diagnosis of myocarditis) was unclear.139,147

With respect to age, the risk of COVID-19eassociated
myocarditis in hospitalized patients was lowest among in-
dividuals aged 16-24 when compared with older age cohorts.147

Ultimately, our review of the evidence suggests the prev-
alence of COVID-19eassociated myocarditis among other-
wise healthy emerging adult student-athletes to be nearing the
lower end of 0.5%-3%,11,139-141,143,165,166 though general
cardiac involvement (eg, myocardial oedema and pericardial
effusions) is likely more prevalent (0%-7%),11,139-141,143

particularly in those with lingering cardiopulmonary symp-
toms.141 Other cardiac events, such as arrhythmias and car-
diac arrest, seem to be less common in this age cohort after
infection.166 There was a relatively low risk of clinical cardiac
events (ie, significant arrhythmias, heart failure, sudden



Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of the search results.
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cardiac arrest, or death) in short-term follow-up (approxi-
mately 0.03%).140

Reports of hyperinflammatory syndromes

Belay et al.148 conducted the largest US cohort study to
date (n ¼ 1733) describing the clinical characteristics and
geographical and temporal distribution of patients under 21
years of age with MIS-C. Of the 55 emerging adults aged 18-
20, 58% (n ¼ 32) were admitted to the ICU, and 11% (n ¼
6) died. Cardiovascular manifestations in this age group
included hypotension in 53%, cardiac dysfunction in 42%,
myocarditis in 31%, pericardial effusion in 27%, and coro-
nary artery dilation or aneurysm in 15%. Compared with the
paediatric population, patients aged 18-20 had the highest
proportion of myocarditis (31% in 18- to 20-year-olds vs
9.2%-28% in 0- to 17-year-olds; P < 0.001). The 18- to 20-
year-old cohort, however, had the lowest incidence of MIS at
0.4 per 100,000 infected (P < 0.001).

In this review, 47 cases (mean age ¼ 21; 70% male) of
emerging adults with cardiovascular complications in the
context of confirmed or suspected hyperinflammatory syn-
dromes and active or previous COVID-19 were
identified.22-56 If not concomitant COVID-19, previous in-
fections typically occurred 3-8 weeks before the onset of
symptoms.23,30,32-34,40,43-46,52,53,56 Alongside MIS-C/A, car-
diovascular presentations/complications included ventricular
dysfunction (n ¼ 33), tachycardia (n ¼ 28), hypotension
(n ¼ 16), cardiogenic shock (n ¼ 14), cardiomyopathy (n ¼
11), including myocarditis and pericarditis, valve insufficiency
(n ¼ 4), atrial fibrillation (n ¼ 2), and noneST-elevation
myocardial infarction (n ¼ 2); refer to Supplemental Table S2
for additional case details. Cardiac involvement with echo-
cardiographic changes (eg, reduced ejection fraction and
global hypokinesia) and elevated N-terminal pro-B-type
natriuretic peptide and troponin were frequently reported
among these cases. Of note, 79% (n ¼ 37) of cases were
previously healthy with no past medical history, and 98%
(n ¼ 46) had no reported history of CVD.

Due to prompt identification and treatment, there were
few reports (4.3%; n ¼ 2) of emerging adults with MIS who
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died.48,55 A case series described the postmortem examina-
tions of 4 deaths due to maternal or paediatric antemortem
COVID-19. In this report, the death of a 19-year-old woman
was attributed to MIS causing coagulopathy.55 A separate
retrospective cohort study by Whitworth et al.149 identified
the incidence of thrombosis in children and adolescents under
21 years of age hospitalized with COVID-19 or MIS-C (n ¼
564). Eleven of the 20 cases of thrombosis (55%) occurred in
patients aged 16-21, 36% (n ¼ 4) of whom died; all cases
were either African American or Hispanic individuals. Patients
12 and older with MIS-C displayed the highest rate of
thrombotic events (19%). Despite the incidence of MIS
among emerging adults being lower than younger age cohorts,
those affected seem to be at an elevated risk of cardiovascular
complications, including myocarditis, and death. Evidence
outlining risk factors and long-term prognosis after recovery in
this age group is lacking.

Reports of vascular alterations

Multiple studies reported signs of vascular dysfunction
among young adults after COVID-19.122,160-164

Ratchford et al.160 performed a cross-sectional analysis on
healthy young adults (mean age ¼ 20) to examine the effects
of COVID-19 on markers of vascular function and arterial
stiffness. When compared with uninfected individuals, those
with COVID-19 experienced significantly lower brachial ar-
tery flow-mediated dilation (FMD) (2.7% � 1.2% vs 8.8% �
3.0%; P < 0.01) and femoral artery blood flow response (�3
� 91 mL vs 118 � 114 mL; P < 0.01) 3-4 weeks after
infection. This same group performed another cross-sectional
study161 and found higher carotid artery stiffness among
young adults with COVID-19 (6 � 1 m/s) compared with
healthy controls (5 � 1 m/s; P ¼ 0.02). Aortic augmentation
index was also greater in the COVID-19 group (12.7% �
9.1% vs 3.3% � 12.6%; P ¼ 0.03), suggesting aortic stiff-
ening and potential atherosclerotic risk progression. Another
study by Stute et al.163 similarly found that resting muscle
sympathetic nerve activity, a measure of arterial stiffness, was
higher in individuals recovering from COVID-19 (n ¼ 16;
mean age ¼ 20) compared with uninfected controls (285 �
101 a.u./min vs 159 � 46 a.u./min, respectively; P ¼ 0.001).

Growing evidence indicates that endothelial inflammation
associated with COVID-19 may contribute to cerebrovascular
disease. A case series by Arandela et al.122 identified 2 patients
between the ages of 18 and 25 who developed reversible ce-
rebral vasoconstriction syndrome in the context of COVID-
19, suggesting a potential risk in this age cohort among
those using vasoactive agents (eg, marijuana). Alterations in
cerebral and peripheral vasculature were further investigated in
a cohort study conducted by Nandadeva et al.162 Analysis
found that only peripheral vascular function was impaired in
young adults with lingering COVID-19 symptoms (n ¼ 8;
mean age ¼ 24); this impairment was not seen in those who
were no longer symptomatic (n ¼ 8; mean age ¼ 22). Taken
together, these findings suggest that the effects of COVID-19
on central large arteries may be a transient phenomenon.

Whereas the previously mentioned studies reported vascular
alterations at rest, Stute et al.164 aimed to elucidate the effect of
COVID-19 on central and peripheral haemodynamics during a
rhythmic handgrip exercise. Brachial artery blood flow was
significantly lower in the COVID-19 group (n ¼ 13; mean
age ¼ 21) compared with controls (n ¼ 13; mean age ¼ 27):
386.3 � 132.5 mL/min vs 507.4 � 109.9 mL/min, respec-
tively (P ¼ 0.002). The COVID-19 group also displayed
greater increases in systolic blood pressure, systolic arterial
pressure, and rate pressure product on exertion.

Reports of individuals with cardiovascular-related
vulnerabilities that increase risk for severe COVID-19,
related cardiovascular complications, and mortality

Cardiovascular disease, hypertension, and obesity. A few
studies offered insight into cardiovascular-related risk factors
that may confer an increased risk of severe COVID-19. Fathi
et al.157 developed a model to predict 2-week mortality using
data from 57,705 inpatients with COVID-19, which included
a “young” cohort (n ¼ 1049; aged 15-24). Among those who
died in this subsample (n ¼ 50; 4.8%), hypertension was
significantly associated with 2-week mortality (OR: 54.3; 95%
CI: 19.9, 168.2). A retrospective study of young adult
COVID-19 patients aged 18-35 admitted to New York City
public hospitals also found that cardiac comorbidities and hy-
pertension were associated with increased mortality; however,
those with these comorbidities in the 18- to 23-year-old cohort
all recovered.155 To provide context, data from the National
Health Interview Survey and an undergraduate student sample
during the pandemic show that pre-existing heart conditions
affect 0.5%-1.9% of this age group.153,156 Furthermore, evi-
dence from after a COVID-19 lockdown found that the
prevalence of hypertension among undergraduate students
(n ¼ 325; mean age ¼ 22) remained at 1%.154

A hospital system-based retrospective chart review159

conducted in Texas identified risk factors for severe disease
and readmission among young adults aged 18-29 diagnosed
with COVID-19 (mean age ¼ 24). The study identified 1853
patients with COVID-19, 8% (n ¼ 148) of whom experi-
enced a composite disease outcome (eg, a severe respiratory or
cardiovascular event) within 30 days of their first encounter.
In this cohort of young adults, older age, obesity, previous
CVD (ie, myocardial infarction, congestive heart failure, and
cerebrovascular disease), and diabetes were among significant
risk factors for composite disease outcomes (P � 0.03). A
history of CVD and obesity were also predictors of severe
disease and/or readmission within 30 days (P < 0.05). In
addition, the authors highlighted the relationship between
race and ethnicity (eg, Hispanic ethnicity) and poorer health
outcomes. A preliminary analysis (abstract) by Sands-Lincoln
et al.168 of patients aged 18-24 with COVID-19 (n ¼ 6648;
mean age ¼ 22) found African American (OR: 2.4; 95% CI:
1.6, 3.5) and “other race” identity (OR: 5.0; 95% CI: 2.6,
9.1), CVD (OR: 4.0; 95% CI: 2.8, 5.7), and obesity (OR:
3.0; 95% CI: 2.1, 4.3) to be associated with increased odds of
hospitalization. Another study by Richardson et al.158 ana-
lysed data from hospitalized patients aged 18-39 at acute care
hospitals in New York City. Notably, among patients aged
18-24 (n ¼ 119), those who died (n ¼ 4) or required invasive
mechanical ventilation (n ¼ 7) were all obese, and 5 of these
patients had additional comorbidities, including Down syn-
drome and congestive heart failure.

In summary, the majority of cardiovascular-related medical
vulnerabilities in emerging adults are rare;153,154,156 however,
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when present, data suggest that the risk for severe COVID-19,
related cardiovascular complications, and mortality in this age
group is not insignificant, particularly among those with
comorbidities.
Congenital heart disease and genetic syndromes. Pre-
dicting the COVID-19 response in emerging adults with
existing congenital heart disease (CHD) is challenging given
the heterogeneity of the population. Two separate retrospec-
tive reviews investigating factors associated with severe
COVID-19 and mortality across the CHD population found
that the presence of a structural congenital heart defect did not
confer an increased morbidity or mortality risk.150,151 Lewis
et al.150 detailed the experience of 4 emerging adults aged 21-
25 with CHD who were described to have moderate-to-severe
COVID-19. These individuals did not appear to be dispro-
portionately impacted unless they were at an advanced phys-
iological stage (ie, class C or D) (OR: 19.4) and/or had genetic
syndromes (OR: 35.8), such as Down syndrome and
DiGeorge syndrome (P � 0.002). Similarly, Broberg et al.151

found that a worse physiological stage of CHD (eg, Eisen-
menger physiology and cyanosis) was associated with mor-
tality (P ¼ 0.001), whereas anatomic complexity or defect
group was not. These findings suggest that susceptibility to
severe COVID-19 among emerging adults with CHD is based
primarily on physiological factors, and, when accompanied by
certain genetic conditions, such as Down syndrome and
DiGeorge syndrome, CHD is associated with increased hos-
pitalization from COVID-19.71,150-152,158

The role of genetic disorders in COVID-19 severity
among emerging adults with CVD seems to vary depending
on the underlying disorder. Adults with Duchenne muscular
dystrophy (DMD) are at risk for cardiorespiratory compro-
mise (ie, cardiomyopathy) and so were thought to be
vulnerable to worse COVID-19 outcomes.138 However,
Quinlivan et al.138 reported on 5 emerging adult males aged
18-23 with DMD who contracted COVID-19 and did not
develop moderate or severe disease. Despite a history of
moderate-to-severe cardiomyopathy, long-term immunosup-
pressive treatment, and respiratory insufficiency, all patients
recovered fully with no complications. This evidence in-
dicates that emerging adults with DMD may not be at an
elevated risk of severe COVID-19 and related cardiovascular
complications.

Impacts on cardiovascular care

Cardiovascular care for emerging adults was impacted by
the COVID-19 pandemic, which in some cases affected
cardiovascular outcomes. For example, Warraich et al.130

described a 19-year-old patient who delayed treatment by
self-isolating for 2 weeks during the pandemic due to a
persistent cough that was later understood to be a symptom
of a posterior circulation ischemic (POCI) stroke. Other
reports of emerging adults with cardiovascular presentations,
including stroke,130,132 intracardiac thrombosis,135 pulmo-
nary hypertension,131 and sinus tachycardia with atrioven-
tricular block,133 found that many avoided seeking treatment
due to lockdown measures or fear of contracting COVID-
19. In addition, the pandemic resulted in misguided clin-
ical judgement and management. In the case presented by
Warraich et al.,130 the young patient with POCI stroke
lacked risk factors for stroke, and so an initial diagnosis of
COVID-19 was made. In another case, a 19-year-old man
presenting to the emergency department with constitutional
symptoms was repeatedly tested for COVID-19, treated with
antibiotics for COVID-19 pneumonia, discharged, and later
diagnosed with Coxsackie A myocarditis on readmission.134

Similarly, Balfe et al.137 presented the case of an 18-year-
old girl suffering from rheumatic mitral stenosis whose
condition was worsened by the intravenous fluids she was
administered under the presumption that she had COVID-
19. Reports were also identified in which life-saving car-
diovascular care for emerging adults (eg, extracorporeal car-
diopulmonary resuscitation) was nearly prevented or
complicated due to the patient’s COVID-19 status.60,63,136

Overall, these cases highlight evidence of crucial cardiovas-
cular care being delayed, misguided, or complicated as a
result of the COVID-19 pandemic influencing public and
clinical decision-making.
Objective #2: Strategies to Screen for and
Manage Cardiovascular Complications in
Emerging Adults

Myocarditis and cardiac abnormalities

The majority of evidence surrounding screening protocols
for COVID-associated myocarditis and cardiac abnormalities in
emerging adults focuses on student-athletes.10,11,139-146,165,166

Initial evidence explored the utility of extensive cardiore-
spiratory and haematological screening in athletes recovering
from COVID-19 to identify postinfection cardiovascular ab-
normalities. Gervasi et al.146 examined a cohort of 30 pro-
fessional soccer players aged 19-27, 18 of whom tested
positive for SARS-CoV-2 IgG antibodies and reported previ-
ous asymptomatic or mild COVID-19. After comprehensive
screening (eg, blood tests, spirometry, and ECG), none of the
participants demonstrated clinically relevant cardiovascular
abnormalities (eg, myocarditis). Furthermore, both Starekova
et al.11 and Brito et al.10 conducted studies in which uni-
versity athletes recovering from COVID-19 underwent
screening with cMRI, most of whom were recovering from
mild-to-moderate or asymptomatic illness. Starekova et al.,11

with a sample of athletes aged 17-23, found that only 1.4%
(n ¼ 4) of those screened met the Lake Louise Criteria for
myocarditis. Brito et al.10 identified myocardial, pericardial, or
myopericardial abnormalities in 58% of athletes, but no signs
of ongoing myocarditis. Because of the low prevalence of
clinical myocarditis in these cohorts, cMRI as a standard
screening tool for myocarditis was deemed unwarranted,
especially for individuals with asymptomatic or mild COVID-
19 and those with a normal ECG and cardiac troponin.

Evidence from the updated search continues to support
cMRI as a sensitive and specific screening modality for
myocarditis and other cardiac abnormalities in this
population.140-142,145,165,166 Still, larger cohort studies
recommend cMRI only for individuals with a heightened risk
based on an initial, comprehensive cardiac evaluation.139-144

Multiple studies screened for elevated cardiac
troponin139-144,165 or abnormal ECG or echocardiogram
findings139-141,143,144,165 to indicate cMRI for further
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diagnostic workup. A sample of 1597 athletes screened for
post-COVID-19 cardiac abnormalities demonstrated the
utility of 4 respective screening strategies:165,169

1. A positive cardiac history (eg, chest pain) to indicate triad
testing; abnormal triad testing to indicate cMRI

2. Abnormal triad testing to indicate cMRI
3. A positive cardiac history (eg, chest pain) or abnormal triad

testing to indicate cMRI
4. cMRI without prior screening.

These approaches would have identified 5 (0.3%), 13
(0.8%), 17 (1.1%), and 37 (2.3%) cases of myocarditis in the
cohort, respectively. Moulson et al.140 similarly found that
82% of athletes diagnosed with definite or probable cardiac
involvement after COVID-19 would have been identified
with a stepwise approach using moderate symptom severity,
cardiopulmonary symptoms, or abnormal triad testing to
indicate cMRI. Despite such evidence showcasing an
increased specificity when screening algorithms included a
cardiac history and triad testing,140,165,169 the previously
discussed systematic review by van Hattum et al.166 found
that, among 10 studies (n ¼ 4171), there was no clear asso-
ciation between postrecovery cardiac troponin levels and car-
diac abnormalities. In contrast, a comprehensive history
appears to have clinical utility, as the Moulson et al.140 and
Petek et al.141 analyses of data from more than 40 US aca-
demic institutions found cardiopulmonary symptoms, spe-
cifically chest pain and dyspnea, to increase the risk of
COVID-19erelated cardiac involvement (aOR: 3.1; 95% CI:
1.2-7.8). Of those who had chest pain after return to exercise,
21% had evidence of myocardial and/or pericardial involve-
ment on cMRI.141 Ultimately, the impact of these screening
algorithms on the clinical course of emerging adult athletes
recovering from COVID-19 remains unknown, as few, if any,
adverse cardiac events have been reported among this popu-
lation following return to play.140,165,166

MIS-C/A

Regarding the identification of MIS-C/A in emerging adults
with concomitant or previous COVID-19, Belay et al.148

found that only 71% of the 18- to 20-year-old MIS cases
demonstrated SARS-CoV-2 polymerase chain reaction (PCR)
positivity, and 58% had positive serology. In our review of MIS
case reports/series involving cardiovascular complications, 47%
(n¼ 17) reported negative PCR results, whereas 70% (n¼ 33)
had positive serology. Given the significant proportion of pa-
tients with MIS and negative PCR results, the authors have
recommended SARS-CoV-2 antibody testing to classify MIS
patients without active COVID-19 or those with atypical
COVID-19 presentations.24 Compared with younger age
groups, 18- to 20-year-olds were more likely to report COVID-
19elike illness 7 or more days before MIS onset (63% vs 18%-
44%; P < 0.001).148 In the cohort study by Belay et al.,148

mainstay treatments for MIS included intravenous immuno-
globulin (IVIG) and steroids. Across the 47 cases included in
this review,22-56 70% (n ¼ 33) were treated with steroids (eg,
methylprednisolone, prednisolone, and prednisone) and 62%
(n ¼ 29) with IVIG. Additional therapies included interleukin-
1 and interleukin-6 receptor antagonists and supportive care
measures, such as aspirin and anticoagulation (Supplemental
Table S2).
Discussion
This scoping review examined current literature to describe

the impact of the COVID-19 pandemic on the cardiovascular
health and care of emerging adults. We identified multiple
cases of cardiovascular presentations (eg, tachycardia and
ventricular dysfunction), cardiac abnormalities (eg, myocar-
dial/pericardial involvement), MIS-C/A, and vascular alter-
ations among emerging adults who contracted COVID-19,
the long-term effects of which remain unknown. The evidence
is insufficient to determine the true incidence and prevalence
of these complications in this age cohort; however, prevalence
estimates from student-athlete samples of COVID-19easso-
ciated myocarditis and cardiac involvement on cMRI ranged
from 0.5% to 3%11,139-141,143,165,166 and 0% to
7%,11,139-141,143 respectively. In some groups, medical vul-
nerabilities such as obesity,158,159,168 hypertension,155,157

previous CVD,159,168 and certain genetic syn-
dromes71,150,152,158 posed an increased risk of severe illness,
cardiovascular complications, and/or mortality from COVID-
19. There were also reports of emerging adults with cardio-
vascular presentations where the provision of cardiovascular
care was negatively impacted due to COVID-19.60,130-135,137

Regarding the appropriate screening and management of these
cardiovascular abnormalities, the majority of age-specific evi-
dence pertains to COVID-19eassociated myocarditis and
MIS. Based on the findings of this scoping review, a frame-
work that highlights the negative impacts of the COVID-19
pandemic on the cardiovascular health of emerging adults
and corresponding health promotion opportunities to prevent
and mitigate these effects was constructed (see Fig. 2).

In the following, accumulated evidence from the review is
highlighted with corresponding suggestions for future
research, policy, and practice.

Investigations surrounding COVID-19 and
cardiovascular health

In this review, cardiovascular presentations among
emerging adults with current or previous COVID-19 ranged
from milder manifestations such as sinus tachycardia,170 to
more serious complications, including myocarditis, stroke,
cardiogenic shock, heart failure, thrombosis, and MIS. In-
vestigators suggest that these cardiovascular complications
may lead to cardiomyopathy, cardiac arrhythmias, and sudden
cardiac arrest in the long term.169,171-173 Therefore, ongoing
research involving emerging adults who contract COVID-19
and develop cardiovascular sequelae is recommended. Long-
term surveillance of these patients can help assess and
inform cardiovascular screening and treatment protocols. An
emphasis should also be placed on ensuring that study samples
are representative of the broader emerging adult population,
given most of the cohort evidence found in this review focused
on student-athletes.10,11,139-145,148,165,166

Myocarditis and cardiac abnormalities. Extrapolating
prevalence estimates of COVID-19eassociated myocarditis
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and cardiac abnormalities from student-athlete cohorts to the
entire emerging adult population is cautioned. Experts believe
that athletes who exercise with COVID-19 are at an increased
risk of developing myocarditis.169,174 At the same time, their
overall heightened cardiovascular health is not representative
of the broader population. Regarding the long-term implica-
tions of these findings, updated ORCCA data175 demonstrate
complete or partial resolution of cMRI abnormalities in 80%
(n ¼ 8) of participants. Follow-up after more than 1 year
identified no adverse cardiac outcomes in the subsample of
athletes with initial cardiac involvement. Though promising,
additional surveillance is required to establish the true long-
term risk of COVID-19eassociated myocarditis and other
cardiovascular sequelae in emerging adults.

With respect to screening, data from student-athletes may
be used to aid clinical decision-making given limited evidence
from the broader emerging adult population. Additional
analysis of the ORCCA cohort176 continues to indicate the
limited diagnostic utility of cardiac troponin as a screening
modality for those with COVID-19eassociated myocardial
involvement; it is recommended only for those with a high
clinical pretest probability of disease. Moreover, the data in
this review do not support routine cMRI in lower-risk
individuals.10,11,139-144,146 This approach would be quite
costly and increase the likelihood of false positives.165,177

Rather, a screening approach guided by cardiac symptoms
(eg, chest pain) and/or triad testing to indicate cMRI will
increase its diagnostic yield and feasibility.140,169 A 2022
expert consensus paper from the American College of Cardi-
ology178 is in agreement, recommending against cardiac
testing for asymptomatic cases, those with only mild-to-
moderate noncardiopulmonary symptoms, or those with
previous COVID-19 in the absence of ongoing cardiopul-
monary symptoms. Individuals with COVID-19erelated
cardiopulmonary symptoms are recommended for triad
testing and, if results are abnormal, a cardiology consultation
to consider subsequent cMRI and additional cardiac testing
for diagnosis. The body of evidence in this review is limited
with respect to treating COVID-19eassociated myocarditis in
this age group. However, case reports66,75,98,120 and sup-
porting literature179 indicate that in the absence of additional
cardiovascular complications (eg, acute heart failure), rest,
supportive measures (eg, intravenous/oral hydration, beta-
blockers), and immunosuppressive therapy yield promising
outcomes.

MIS-C/A. Emerging adults with MIS demonstrated signifi-
cant mortality (Supplemental Table S2) and were more often
reported to have COVID-19elike illness before presentation
and subsequent findings of myocarditis.148 Ultimately, these
findings emphasize the importance of recognizing and
including MIS as a differential in the context of recent
COVID-19 in this cohort.

As of now, it remains unclear whether MIS is a mani-
festation of acute COVID-19 or an entirely postacute phe-
nomenon. Given that not all MIS patients present with
positive PCR test results, SARS-CoV-2 antibody testing is
recommended as a potentially crucial diagnostic measure to
classify and recognize these patients.24 However, in the
current state of the pandemic, the majority of adults
demonstrate seroprevalence of SARS-CoV-2 antibodies,180

limiting its clinical utility. The additional use of laboratory
tests for inflammation, hypercoagulability, and organ damage
(eg, C-reactive protein, D-dimer, and cardiac enzymes) may
assist in early identification and subsequent management. To
our knowledge, no consensus guidelines are available for
MIS-A; current recommendations are extrapolated from ev-
idence specific to MIS-C, applicable to ages less than 21
years. The Centers for Disease Control and Prevention
(CDC) supports serologic testing in addition to PCR testing
when feasible, as well as workup for cardiac involvement in
affected individuals.181 Both the CDC and National In-
stitutes of Health discuss IVIG in combination with gluco-
corticoids (eg, methylprednisolone) as the first-line treatment
strategy, citing its benefits for faster recovery of cardiac
function.181,182 The latest clinical guideline from the
American College of Rheumatology additionally recom-
mends higher doses of steroids, anakinra, or infliximab for
refractory disease.183 Future research into MIS is required to
better elucidate pertinent risk factors, facilitate diagnosis and
management, and identify any long-term cardiovascular
implications in this age group.

Changes in systemic vasculature. Reports of young adults
recovering from COVID-19 found transient alterations in
arterial, cerebral, and peripheral vasculature in those with
lingering symptoms and even after recovery.122,160-164 Par-
ticipants in these studies were all assessed 3-8 weeks after
their first positive COVID-19 test; therefore, there is limited
long-term data to substantiate these findings. Of note, 1
study reported a 6% difference in brachial artery FMD
among those with previous COVID-19 compared with those
who were uninfected.160 A meta-analysis by Inaba et al.184

(mean age > 50) found that for every 1% decrease in
brachial artery FMD, there is a corresponding 8% increase in
risk of future cardiovascular events, including stroke, heart
attack, and death. In addition, these findings represent dys-
autonomia after COVID-19, a phenomenon observed
among those experiencing “long COVID,” the symptoms of
which also include fatigue and shortness of breath.185-187

These sequelae may lead to exercise intolerance among
those recovering from COVID-19 and pose future implica-
tions for CVD risk among emerging adults. Moving forward,
follow-up in this group is needed to better understand the
relationship between COVID-19 and long-term vascular
function.

Risk stratification of emerging adults for COVID-19
severity, related cardiovascular complications, and mor-
tality. There is increasing evidence that certain cardiovas-
cular comorbidities (eg, obesity, hypertension,
CVD)153-159,168 are relevant risk factors among emerging
adults in the context of COVID-19. Among emerging adults
with CHD who contract COVID-19, these patients may still
be considered high-risk due to the variability in this pop-
ulation’s clinical presentation and response to treat-
ments.150,151 In the future, retrospective analyses should
focus on emerging adults who have experienced severe
COVID-19 and related cardiovascular complications to
further clarify the relationship between these outcomes and



Figure 2. A framework to promote cardiovascular health among emerging adults in the context of the COVID-19 pandemic (created in part with
BioRender.com). The dashed lines represent pathways to prevent or manage COVID-19erelated cardiovascular health concerns. *Health literacy
and education initiatives may benefit from including parents/guardians as part of the target audience as they often play a role in an emerging adult’s
decision to seek medical care. CV, cardiovascular; CVD, cardiovascular disease; MIS-C/A, multisystem inflammatory syndrome in children/adults;
POCI, posterior circulation ischemic; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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presumptive risk factors, particularly CVD. Because most
sample sizes in the literature were modest, it is recommended
that multicentre registries specific to emerging adults, such as
the ORCCA141 and COVID-19 CVD Registry,188 be
established to enable the aggregation of data and provide
adequate statistical power to conduct such analyses.

The cardiovascular safety of COVID-19 vaccines for
emerging adults and public education

As vaccination efforts progress around the globe, there have
been signals of adverse cardiovascular events from COVID-19
vaccines, specifically cases of myocarditis and pericarditis among
emerging adults, which were not observed in clinical trials.16,17,189

In a sample of approximately 23 million Nordic residents, the
number of excess cases of myocarditis among males aged 16-24
associated with a second dose of the BNT162b2 (Pfizer) and
mRNA-1273 (Moderna) vaccines 28 days after administration
was estimated at 4-7 and 9-28 per 100,000 doses, respectively.16

A US study using the Vaccine Adverse Event Reporting System
(VAERS) data17 similarly found an elevated risk among males
aged 18-24, with 52 and 56 cases of myocarditis per million after
second doses of the Pfizer and Moderna vaccine, respectively;
comparatively, there were only 4-7 cases of myocarditis per
million doses in the female cohort. No reported deaths in vacci-
nated individuals younger than 30 were attributed to myocarditis,
apart from 1 potential case. Of note, VAERS reports can be
submitted by any member of the public and are not verified for
cause-and-effect relationships, making this passive surveillance
system particularly susceptible to false reports and under- or over-
reporting. Still, meta-analysis reveals the incidence of myoper-
icarditis associated with COVID-19 vaccines to be either com-
parable to or lower than that of other vaccines.189

The cardiovascular safety concerns of COVID-19 vaccines
must be contextualized with the cardiovascular risks associated
with COVID-19 infection. A recent CDC analysis found that
the risk of cardiovascular complications (ie, myocarditis,
pericarditis, or MIS) among males aged 18-29 was 7-8 times
greater after COVID-19 compared with vaccination; a similar
observation was found for females.190 A population-based
cohort study191 of individuals in Ontario, Canada, found
that the highest rate was among males aged 18-24 receiving
Moderna vs Pfizer as the second dose (300 vs 59 cases per
million doses, respectively) and was significantly higher when
the interdose interval was �30 days compared with �56 days
(95-377 vs 11-132 per million doses, respectively). In addi-
tion, UK data192 found an association between COVID-19
and pericarditis and cardiac arrhythmias among 16- to 29-
year-olds, though this same association was not established
with vaccines. For additional context, data suggest that 1
million second mRNA COVID-19 vaccine doses could pre-
vent 11,000 cases, 560 hospitalizations, 138 ICU admissions,
and 6 deaths among 12- to 29-year-olds, compared with 39-
47 potential cases of vaccine-related myocarditis.193 Vaccine-
related myocarditis also tends to be milder when compared
with COVID-19erelated cases, which have been associated
with a greater risk of hospitalization and death.192

Concerns regarding cardiovascular complications following
COVID-19 in this cohort are partly due to the fact that
emerging adults contract COVID-19 at disproportionately
higher rates than older adults.156 Though in agreement with
the recommendation for COVID-19 vaccination in this
cohort, we encourage continued surveillance and analysis of
data in this area.194 This measure is especially important in
light of waning vaccine immunity, increasing natural immu-
nity, and the emergence of new SARS-CoV-2 variants that
seem to pose a lower risk of hospitalization and severe dis-
ease.195 Therefore, a risk-benefit analysis of COVID-19 vac-
cines should be regularly updated for emerging adults as the
pandemic progresses. To mitigate public hesitancy, as well as
the cardiovascular risks associated with COVID-19 vaccines
and infection in this age group, we recommend researchers,
policymakers, and clinicians consider the following:

http://BioRender.com
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� The development and distribution of strain-specific
boosters that improve vaccine efficacy against trans-
mission and symptomatic illness;196,197

� Longer COVID-19 vaccine interdose intervals and
age-based product considerations191 to reduce the
incidence of cardiovascular side effects;

� Ongoing surveillance of COVID-19 and vaccine-
associated cardiovascular sequelae (eg, myocarditis,
pericarditis, and MIS);15,194 and

� Clinician and public education (for emerging adults
and parents/guardians) surrounding the signs and
symptoms and expected timelines of both infection-
and vaccine-associated cardiovascular sequelae; see
Table 1.
Table 1. Signs and symptoms of COVID-19eassociated cardiovascular
sequelae that affect emerging adults and recommendations for when
to seek medical care, as per the Centers for Disease Control and
Prevention15,194

Cardiovascular sequelae Recommendation

Myocarditis and pericarditis Seek medical care if you or your child
have any of the following symptoms
after COVID-19 infection or
vaccination:*

� Chest pain
� Shortness of breath
� Feelings of having a fast-beating,

fluttering, or pounding heart
MIS-C/A Seek medical care if you or your child

have any of the following signs/
symptoms after COVID-19:y

� Ongoing fever PLUS >1 of the
following:

B Stomach pain
B Bloodshot eyes
B Diarrhoea
B Dizziness or lightheadedness
B Skin rash
B Vomiting

Seek emergency medical attention if
you or your child have any of the
additional signs/symptoms:y

� Trouble breathing
� Persistent pain or pressure in the

chest
� New confusion
� Inability to wake or stay awake
� Pale-, grey-, or blue-coloured skin,

lips, or nail beds (depending on
skin tone)

MIS-C/A, multisystem inflammatory syndrome in children/adults.
*More often after the second dose, usually within 1 week after vaccination

(median time ¼ 3 days).191
yUsually within 6 weeks after infection or exposure.
Preventing misdiagnoses, delayed care, and future
COVID-19erelated CVD

This review suggests that when emerging adults present
with COVID-19elike symptoms, the differential diagnosis
should include potentially life-threatening cardiovascular
manifestations, such as POCI stroke and other forms of viral
myocarditis.130,134,137 In addition, emerging adults who have
cardiovascular symptoms, along with their parents/guardians,
need to be educated on the critical importance of seeking
medical care despite the risk of contracting COVID-
19.130-135,137 The increasing availability of telehealth and
digital health interventions198 may assist younger patients in
receiving timely diagnoses and treatment for potentially life-
threatening cardiovascular events.

From a developmental perspective, emerging adulthood is
a critical time to establish behaviours that promote long-term
cardiovascular health. In a national longitudinal study by
Clark et al.,199 the average 30-year risk of developing CVD for
young adults (mean age ¼ 29) ranged from 4.4% to 18%.
Health literacy and education initiatives198,200,201 that
emphasize CVD prevention (eg, healthy diets, physical ac-
tivity, and avoiding substance use) and the recognition of
cardiovascular events need to be developed and targeted at
emerging adults and parents/guardians.202-205 Promoting
cardiorespiratory fitness is also an integral aspect of CVD
prevention. An analysis of over 1.5 million Swedish men
conscripted to the military (mean age ¼ 18.3) found that
higher cardiorespiratory fitness in late adolescence and early
adulthood was significantly protective against COVID-19e
associated hospitalization (OR: 0.76), ICU admission (OR:
0.61), and mortality later in life (OR: 0.56).206 Encouraging
cardiorespiratory fitness among emerging adults now will
likely improve cardiovascular outcomes if faced with future
pandemics.

Strengths and limitations

The strengths of this review include its comprehensive
search strategy, an updated search, and an in-depth analysis of
the acquired evidence. As per scoping review guidelines,20

included articles were not critically appraised. Therefore, any
conclusions drawn from this evidence set should act as a
foundation, rather than a guideline, for future research, policy,
and practice. The authors also acknowledge the potential for
bias and subjectivity in how data were reported given the
qualitative nature of scoping reviews. In addition to the
writing team including multiple members as a means of
limiting individual bias, data are reported thoroughly in the
supplemental files and available for review. The major limi-
tation of this review, however, is that the majority of available
cohort analyses focused on student-athlete populations; this
reduces the generalizability of our findings to the broader
emerging adult population. In addition, despite including
articles from noneEnglish-speaking countries when available
in English, excluding noneEnglish-language articles likely
skews the evidence set and prevents extrapolation to the global
population. Moreover, the COVID-19 pandemic has been
dynamic with respect to the transmissibility and pathogenicity
of the current variants at large, rendering older evidence less
relevant. Nonetheless, this review provides a novel perspective
and foundation for future research, policy, and practice.
Conclusions
To the best of our knowledge, this review is the first to

focus on studies that describe the impact of COVID-19 on
the cardiovascular health of emerging adults. Among other-
wise healthy emerging adults who contracted COVID-19, rare
and sometimes fatal cardiovascular presentations were
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reported. Compared with younger age cohorts, MIS in
emerging adults has been associated with a greater risk of
cardiovascular involvement, specifically myocarditis, throm-
bosis, and mortality. Limited data for emerging adults suggest
that obesity, hypertension, CVD, and/or belonging to
marginalized groups increase the risk of severe COVID-19,
related cardiovascular complications, and mortality. Future
research needs to further define the prevalence and risk factors
of COVID-19eassociated cardiovascular complications in
this demographic. Screening and treatment protocols for these
complications (eg, triad testing and cMRI) still require further
development and validation using data from the broader
emerging adult population. Within health care practice,
several measures are encouraged to foster long-term cardio-
vascular health among emerging adults: (i) conducting dif-
ferential diagnoses for cardiovascular issues in those with
COVID-19elike symptoms; (ii) promoting health literacy
and education among emerging adults and parents/guardians,
including cardiorespiratory fitness; and (iii) expanding tele-
health accessibility. Although COVID-19 vaccines are still
recommended for emerging adults, policymakers and clini-
cians should be aware of the potential cardiovascular risks and
use the most recent surveillance data to guide vaccination
policies for this age group. These actions should prove useful
while the scientific community continues to unravel the long-
term cardiovascular implications of COVID-19 among
emerging adults.
Acknowledgements
The authors express their gratitude to Denise Smith, a

librarian at the McMaster University Health Sciences Library,
for helping develop and refine the final search strategy; Dr
Philip Joseph, MD, associate professor at McMaster Univer-
sity, for his feedback; and several research assistants, including
Bismah Jameel, who assisted with article screening and data
extraction.
Ethics Statement
The research reported in this review has adhered to the

relevant ethical guidelines.
Funding Sources
Funding for publication was provided by the senior co-

authors: (i) KMD, supported by the Canada Research Chair
in Nutrition Informatics grant; and (ii) VT, supported by the
Canadian Institutes of Health Research Health System Impact
Fellowship grant (#177475). The agencies responsible for
these grants had no involvement in this project.
Disclosures
The authors have no conflicts of interest to disclose.

References

1. Grant MC, Geoghegan L, Arbyn M, et al. The prevalence of symptoms
in 24,410 adults infected by the novel coronavirus (SARS-CoV-2;
COVID-19): a systematic review and meta-analysis of 148 studies from
9 countries. PLoS One. 2020;15:e0234765.
2. Nishiga M, Wang DW, Han Y, Lewis DB, Wu JC. COVID-19 and
cardiovascular disease: from basic mechanisms to clinical perspectives.
Nat Rev Cardiol. 2020;17:543e558.

3. Matsushita K, Ding N, Kou M, et al. The relationship of COVID-19
severity with cardiovascular disease and its traditional risk factors: a
systematic review and meta-analysis. Glob Heart. 2020;15:64.

4. Karbalai Saleh S, Oraii A, Soleimani A, et al. The association between
cardiac injury and outcomes in hospitalized patients with COVID-19.
Intern Emerg Med. 2020;15:1415e1424.

5. Heart and Stroke Foundation of Canada. Don’t wait for COVID-19 to
end to address health concerns. Available at: https://www.
heartandstroke.ca/en/articles/don-t-wait-for-covid-19-to-end-to-address-
serious-health-concerns/. Accessed March 31, 2021.

6. Puntmann VO, Carerj ML, Wieters I, et al. Outcomes of cardiovascular
magnetic resonance imaging in patients recently recovered from coro-
navirus disease 2019 (COVID-19). JAMA Cardiol. 2020;5:1265.

7. Arnett JJ. Emerging adulthood: a theory of development from the late
teens through the twenties. Am Psychol. 2000;55:469.

8. Lally M, Valentine-French S. Emerging and early adulthood. In:
Hanson A, Elder A, eds. Parenting and Family Diversity Issues. Ames, IA:
Iowa State University Digital Press; 2020.

9. American College of Cardiology. Intermediate and long-term impact of
COVID-19 on cardiovascular disease. Available at: https://www.acc.org/
latest-in-cardiology/articles/2021/04/21/13/08/intermediate-and-long-t
erm-impact-of-covid-19-on-cardiovascular-disease. Accessed June 26,
2021.

10. Brito D, Meester S, Yanamala N, et al. High prevalence of pericardial
involvement in college student athletes recovering from COVID-19.
JACC Cardiovasc Imaging. 2020;14:541e555.

11. Starekova J, Bluemke DA, Bradham WS, et al. Evaluation for
myocarditis in competitive student athletes recovering from coronavirus
disease 2019 with cardiac magnetic resonance imaging. JAMA Cardiol.
2021;6:945e950.

12. Statistics Canada. Population estimates on July 1st, by age and sex.
Available at: https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid¼17
10000501. Accessed November 11, 2022.

13. Government of Canada. COVID-19 daily epidemiology update.
Available at: https://health-infobase.canada.ca/covid-19/epidemiological-
summary-covid-19-cases.html. Accessed May 13, 2021.

14. Valverde I, Singh Y, Sanchez-de-Toledo J, et al. Acute cardiovascular
manifestations in 286 children with multisystem inflammatory syn-
drome associated with COVID-19 infection in Europe. Circulation.
2021;143:21e32.

15. Centers for Disease Control and Prevention. Multisystem inflammatory
syndrome in adults (MIS-A). Available at: https://www.cdc.gov/mis-c/
mis-a.html. Accessed May 31, 2021.

16. Karlstad Ø, Hovi P, Husby A, et al. SARS-CoV-2 vaccination and
myocarditis in a Nordic cohort study of 23 million residents. JAMA
Cardiol. 2022;7:600e612.

17. Oster ME, Shay DK, Su JR, et al. Myocarditis cases reported after
mRNA-based COVID-19 vaccination in the US from December 2020
to August 2021. JAMA. 2022;327:331e340.

18. Oster AM, Caruso E, DeVies J, et al. Transmission dynamics by age
group in COVID-19 hotspot countiesdUnited States, April-September
2020. Morb Mortal Wkly Rep. 2020;69:1494e1496.

http://refhub.elsevier.com/S2772-8129(22)00118-X/sref1
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref1
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref1
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref1
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref2
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref2
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref2
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref2
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref3
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref3
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref3
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref4
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref4
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref4
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref4
https://www.heartandstroke.ca/en/articles/don-t-wait-for-covid-19-to-end-to-address-serious-health-concerns/
https://www.heartandstroke.ca/en/articles/don-t-wait-for-covid-19-to-end-to-address-serious-health-concerns/
https://www.heartandstroke.ca/en/articles/don-t-wait-for-covid-19-to-end-to-address-serious-health-concerns/
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref6
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref6
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref6
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref7
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref7
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref8
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref8
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref8
https://www.acc.org/latest-in-cardiology/articles/2021/04/21/13/08/intermediate-and-long-term-impact-of-covid-19-on-cardiovascular-disease
https://www.acc.org/latest-in-cardiology/articles/2021/04/21/13/08/intermediate-and-long-term-impact-of-covid-19-on-cardiovascular-disease
https://www.acc.org/latest-in-cardiology/articles/2021/04/21/13/08/intermediate-and-long-term-impact-of-covid-19-on-cardiovascular-disease
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref10
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref10
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref10
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref10
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref11
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref11
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref11
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref11
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref11
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid&equals;1710000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid&equals;1710000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid&equals;1710000501
https://health-infobase.canada.ca/covid-19/epidemiological-summary-covid-19-cases.html
https://health-infobase.canada.ca/covid-19/epidemiological-summary-covid-19-cases.html
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref14
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref14
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref14
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref14
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref14
https://www.cdc.gov/mis-c/mis-a.html
https://www.cdc.gov/mis-c/mis-a.html
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref16
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref16
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref16
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref16
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref17
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref17
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref17
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref17
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref18
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref18
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref18
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref18
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref18


Rezler et al. 45
COVID-19 and the Cardiovascular Health of Emerging Adults
19. Salvatore PP, Sula E, Coyle JP, et al. Recent increase in COVID-19
cases reported among adults aged 18-22 yearsdUnited States, May
31-September 5, 2020. Morb Mortal Wkly Rep. 2020;69:1419e1424.

20. Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension for Scoping
Reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med.
2018;169:467e473.

21. Covidence. Covidence systematic review software. Veritas Health
Innovation, Melbourne, Australia. Available at: https://www.covidence.
org. Accessed January 22, 2021.

22. Chau VQ, Giustino G, Mahmood K, et al. Cardiogenic shock and
hyperinflammatory syndrome in young males with COVID-19. Circ
Heart Fail. 2020;13:e007485.

23. Razavi AC, Chang JL, Sutherland A, Niyogi A, Menard GE. A 23-year-
old man with multisystem inflammatory syndrome after mild COVID-
19. J Investig Med High Impact Case Rep. 2020;8. https://doi.org/10.
1177/2324709620974200.

24. Morris SB, Schwartz NG, Patel P, et al. Case series of multisystem
inflammatory syndrome in adults associated with SARS-CoV-2 infec-
tiondUnited Kingdom and United States, MarcheAugust 2020. Morb
Mortal Wkly Rep. 2020;69:1450e1456.

25. Kofman AD, Sizemore EK, Detelich JF, Albrecht B, Piantadosi AL.
A young adult with COVID-19 and multisystem inflammatory syn-
drome in children (MIS-C)-like illness: a case report. BMC Infect Dis.
2020;20:716.

26. Othenin-Girard A, Regamey J, Lamoth F, et al. Multisystem inflam-
matory syndrome with refractory cardiogenic shock due to acute
myocarditis and mononeuritis multiplex after SARS-CoV-2 infection in
an adult. Swiss Med Wkly. 2020;150:w20387.

27. Vieira CB, Ferreira AT, Cardoso FB, Paulos JP, Germano N. Kawasaki-
like syndrome as an emerging complication of SARS-CoV-2 infection in
young adults. Eur J Case Rep Intern Med. 2020;7:001886.

28. Cogan E, Foulon P, Cappeliez O, et al. Multisystem inflammatory
syndrome with complete Kawasaki disease features associated with
SARS-CoV-2 infection in a young adult. A case report. Front Med.
2020;7:428.

29. Singh VP, Thalji M, Singh S, et al. Fulminant myocarditis and multi-
system inflammatory syndrome in children, in the light of corona virus.
J Am Coll Cardiol. 2021;77:1964.

30. Wojnowski K, Ladna J, Kumar S. Multisystem inflammatory syndrome
of the adult: an important consequence of COVID-19. Chest.
2021;160:A347.

31. Nwachukwu I, Fernandes M. Severe multisystem inflammatory syn-
drome in an adult with myocarditis. Chest. 2021;160(suppl):A486.

32. Bulut H, Herbers AHE, Hageman IMG, et al. SARS-CoV-2-induced
multisystem inflammatory syndrome in a young adult: case report.
SN Compr Clin Med. 2021;3:1773e1779.

33. MacDonald A, Hussein R, Gowtham S, et al. Multisystem inflamma-
tory syndrome in Pennsylvania: the intersection of adult and pediatric
care. Crit Care Med. 2021;49:77.

34. Bonnet M, Champagnac A, Lantelme P, Harbaoui B. Endomyocardial
biopsy findings in Kawasaki-like disease associated with SARS-CoV-2.
Eur Heart J. 2020;41:3863e3864.

35. Carvalho V, Damasco PH, Mello TS, Gonçalves B. Para-aortic
lymphadenopathy associated with adult COVID-19 multisystem in-
flammatory syndrome. BMJ Case Rep. 2021;14:e246884.
36. Moghadam P, Blum L, Ahouach B, et al. Multisystem inflammatory
syndrome with particular cutaneous lesions related to COVID-19 in a
young adult. Am J Med. 2021;134:e36ee37.

37. Faller E, Barry R, O’Flynn O, Kearney P, Sadlier C. Kawasaki-like
multisystem inflammatory syndrome associated with SARS-CoV-2
infection in an adult. BMJ Case Rep. 2021;14:e240845.

38. Campoy NR, Gulati K, Morris K, Delgado F. Multisystem inflamma-
tory syndrome in children (MIS-C) associated with COVID-19/
incomplete Kawasaki disease. Consultant. 2021;61:e8ee11.

39. Aggarwal A, Cohen E, Figueira M, et al. Multisystem inflammatory
syndrome in an adult with COVID-19da trial of anakinra: a case
report. Infect Dis Clin Pract (Baltim Md). 2021;29:e420ee423.

40. Al-Mashdali AF, Al Samawi MS. A case of post COVID-19 multisystem
inflammatory syndrome and Bell’s palsy in a young adult. Clin Case Rep.
2021;9:e04801.

41. Mittal N, Abohelwa M, Brogan J, Nichols J. A case report of multi-
system inflammatory syndrome in adults (MIS-A) associated with heart
failure. Eur Heart J Case Rep. 2021;5:ytab381.

42. Ejaz K, Patel N, Ramos J, Sharma A. A young adult with COVID-19
associated multisystem inflammatory syndrome. Am J Respir Crit Care
Med. 2021;203:A2468.

43. Rajendraprasad S, Ahmad F, Nair S. Case of multisystem inflammatory
syndrome in children (MIS-C) presenting with rash and shock. Chest.
2021;160:A670.

44. Pombo F, Seabra C, Soares V, et al. COVID-19-related multisystem
inflammatory syndrome in a young adult. Eur J Case Rep Intern Med.
2021;8:002520.

45. Vujaklija Brajkovi�c A, Zlopa�sa O, Gubarev Vrdoljak N, et al. Acute liver
and cardiac failure in multisystem inflammatory syndrome in adults
after COVID-19. Clin Res Hepatol Gastroenterol. 2021;45:101678.

46. Chug L, Cabrera NM, Mathew J, et al. Multisystem inflammatory
syndrome in an adult associated with COVID-19. Crit Care Med.
2021;49:92.

47. Dabas R, Varadaraj G, Sandhu S, Bhatnagar A, Pal R. Kawasaki-like
multisystem inflammatory syndrome associated with COVID-19 in an
adult: a case report. Br J Dermatol. 2021;185:859e861.

48. Salzman MB, Huang CW, O’Brien CM, Castillo RD. Multisystem
inflammatory syndrome after SARS-CoV-2 infection and COVID-19
vaccination. Emerg Infect Dis. 2021;27:1944e1948.

49. Ciochetto Z, Havens PL, Aldrete S. Two cases of multi-inflammatory
syndrome in children (MIS-C) in adults in 2020. BMC Infect Dis.
2021;21:1228.

50. Ronit A, Jørgensen SE, Roed C, et al. Host genetics and antiviral im-
mune responses in adult patients with multisystem inflammatory syn-
drome. Front Immunol. 2021;12:718744.

51. H�ekimian G, Kerneis M, Zeitouni M, et al. Coronavirus disease 2019
acute myocarditis and multisystem inflammatory syndrome in adult
intensive and cardiac care units. Chest. 2021;159:657e662.

52. Bastug A, Aslaner H, Aybar Bilir Y, et al. Multiple system inflammatory
syndrome associated with SARS-CoV-2 infection in an adult and an
adolescent. Rheumatol Int. 2021;41:993e1008.

53. Bulathsinghala M, Samson R. A case of COVID-19 associated multi-
system inflammatory syndrome resulting in new onset heart failure in an
adult. J Invest Med. 2021;69:431.

http://refhub.elsevier.com/S2772-8129(22)00118-X/sref19
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref19
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref19
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref19
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref19
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref20
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref20
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref20
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref20
https://www.covidence.org
https://www.covidence.org
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref22
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref22
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref22
https://doi.org/10.1177/2324709620974200
https://doi.org/10.1177/2324709620974200
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref24
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref24
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref24
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref24
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref24
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref24
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref24
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref25
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref25
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref25
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref25
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref26
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref26
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref26
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref26
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref27
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref27
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref27
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref28
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref28
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref28
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref28
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref29
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref29
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref29
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref30
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref30
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref30
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref31
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref31
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref32
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref32
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref32
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref32
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref33
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref33
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref33
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref34
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref34
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref34
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref34
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref35
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref35
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref35
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref36
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref36
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref36
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref36
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref37
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref37
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref37
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref38
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref38
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref38
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref38
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref39
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref39
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref39
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref39
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref39
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref40
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref40
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref40
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref41
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref41
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref41
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref42
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref42
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref42
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref43
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref43
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref43
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref44
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref44
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref44
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref45
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref45
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref45
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref45
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref45
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref46
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref46
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref46
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref47
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref47
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref47
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref47
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref48
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref48
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref48
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref48
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref49
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref49
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref49
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref50
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref50
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref50
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref51
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref51
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref51
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref51
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref51
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref52
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref52
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref52
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref52
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref53
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref53
http://refhub.elsevier.com/S2772-8129(22)00118-X/sref53


46 CJC Pediatric and Congenital Heart Disease
Volume 2 2023
54. Szawarski P, Whittaker R, Riyat M, Mandal A. Adult with a paediatric
diagnosis after COVID-19 infection. Intensive Care Med Exp.
2021;9(suppl 1):001226.

55. Malik F, Kasten J, VandenHeuvel K, Leino D, Bernieh A. Spectrum of
autopsy findings in COVID-19 related pediatric and fetal deaths: 4 cases
from a tertiary care children’s center. Pediatr Dev Pathol. 2021;24:592e
617.

56. Nguyen VT, Zaccarini C, Klawonn MA, Turk M. Multisystem in-
flammatory syndrome associated with SARS-CoV-2 infection: a case
report. PM&R. 2021;13(suppl 1):S1eS229.

57. Molina MF, Al Saud AA, Al Mulhim AA, Liteplo AS, Shokoohi H.
Nitrous oxide inhalant abuse and massive pulmonary embolism in
COVID-19. Am J Emerg Med. 2020;38:1549.e1e1549.e2.

58. Rodriguez JA, Rubio-Gomez H, Roa AA, Miller N, Eckardt PA. Co-
infection with SARS-CoV-2 and parainfluenza in a young adult patient
with pneumonia: case report. IDCases. 2020;20:e00762.

59. Mantovani Cardoso E, Hundal J, Feterman D, Magaldi J. Concomitant
new diagnosis of systemic lupus erythematosus and COVID-19 with
possible antiphospholipid syndrome. Just a coincidence? A case report
and review of intertwining pathophysiology. Clin Rheumatol. 2020;39:
2811e2815.

60. Kandori K, Narumiya H, Iizuka R. Extracorporeal cardiopulmonary
resuscitation should not be performed on confirmed or suspected
COVID-19 patients. Resuscitation. 2020;153:6e7.

61. Wongkittichote P, Watson JR, Leonard JM, et al. Fatal COVID-19
infection in a patient with long-chain 3-hydroxyacyl-CoA dehydroge-
nase deficiency: a case report. JIMD Rep. 2020;56:40e45.

62. Jeantin L, Pichereau C, Pineton de Chambrun M, et al. Myocarditis,
paraparesia and ARDS associated to COVID-19 infection. Heart Lung.
2021;50:6e8.

63. Soquet J, Rousse N, Moussa M, et al. Heart retransplantation following
COVID-19 illness in a heart transplant recipient. J Heart Lung Trans-
plant. 2020;39:983e985.

64. Garau G, Joachim S, Duliere G-L, et al. Sudden cardiogenic shock
mimicking fulminant myocarditis in a surviving teenager affected by
severe acute respiratory syndrome coronavirus 2 infection. ESC Heart
Fail. 2021;8:766e773.

65. Crippa S, Kagi G, Graf L, Meyer Sauteur PM, Kohler P. Stroke in a
young adult with mild COVID-19 suggesting endotheliitis. New Mi-
crobes New Infect. 2020;38:100781.
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