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Abstract: We aimed to compare the characteristics
and outcomes of adult patients hospitalized with myo-
carditis and either concomitant corona virus disease
2019 (COVID-19) or influenza, and elucidate clinical
predictors associated with adverse outcomes in both
groups. The study used the national inpatient sample
(NIS) from 2019 to 2020 to identify 27,725 adult myo-
carditis hospitalizations, of which 5840 had concomi-
tant COVID-19 and 1045 had concomitant influenza.
After propensity score matching, the in-hospital mor-
tality from myocarditis was significantly higher
in COVID-19 compared to influenza. Patients with
myocarditis and COVID-19 were more likely to have
cardiovascular comorbidities and be older than those
with influenza-associated myocarditis. Predictors of
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mortality were also different in both groups. (Curr
Probl Cardiol 2023;48:101680.)
V
iral infections are the most common cause of myocarditis with a

heterogeneous clinical presentation.1 Coronavirus disease 2019

(COVID-19) and influenza virus share a variety of common fea-

tures, including route of transmission and similar clinical presentations.

Both COVID-19 as well as influenza related myocarditis and associated

poor outcomes has been described.2,3 Previous studies have compared

clinical outcomes of influenza and COVID-19 infection, however, a

direct comparison of outcomes and characteristics of associated myocar-

ditis has not been reported.4 Analyzing a large, national data set, we

aimed to compare the characteristics and outcomes of adult patients hos-

pitalized with myocarditis and either concomitant COVID-19 or influ-

enza, and elucidate clinical predictors associated with adverse outcomes

in both groups.

We queried the national inpatient sample (NIS) from 2019 to 2020 for

all hospitalizations for myocarditis with concomitant COVID-19 or influ-

enza. The primary outcome of interest was in-hospital mortality. A 1:1

propensity score-matched analysis was performed to adjust for possible

confounders. STATA 16.0 was used for analysis.

A total of 27,725 adult myocarditis hospitalizations (11,065 in 2019

and 16,660 in 2020) were identified of which 1045 (3.7%) had concomi-

tant influenza and 5840 (21.1%) had concomitant COVID-19. There was

a significantly increasing trend of myocarditis hospitalizations from 2019

to 2020 with »1.5 times increase in hospitalization in 2020.

Patients with myocarditis with concomitant COVID-19 vs influenza

were more likely to be older (64 vs 48 years, P < 0.001), male (61.6 vs

47.8%, P = 0.0003) and more likely to be African American (21.8% vs

15.3%, P = 0.05). Myocarditis patients with COVID-19 were also more

likely to have cardiovascular comorbidities such as hypertension (61.9%

vs 50.0%, P < 0.001), diabetes (37.9% vs 21.1%, P < 0.001), chronic

kidney disease (24.7% vs 13.9%, P < 0.001), atrial fibrillation (18.3% vs

8.6%, P < 0.001), coronary artery disease (24.7% vs 17.7%, P < 0.05),

and obesity (24.1% vs 14.8%, P < 0.001). After propensity score match-

ing, the in-hospital mortality from myocarditis was significantly higher in

COVID-19 compared to influenza (19.4% vs 10.5%, P < 0.05). Using

logistic regression analysis, age, liver disease, atrial fibrillation, chronic

obstructive pulmonary disease, and coagulopathy were identified as inde-

pendent predictors of mortality in COVID-19 patients. In influenza
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patients with myocarditis, previous history of arrhythmias and peripheral

vascular disease were associated independently with increased odds of

mortality (Fig 1). Myocarditis with influenza had more cardiogenic shock

(23.6% vs 14.4%, P < 0.05). Both groups had similar rates of respiratory

failure, respiratory failure requiring ventilation, acute kidney injury

requiring dialysis, and utilization of extracorporeal membrane oxygen-

ation.

In this large real-world population-based study, we report that COVID-

19 myocarditis was associated with higher prevalence of cardiovascular

and in-hospital mortality compared to influenza associated influenza

myocarditis despite cardiogenic shock being more common in patients

with myocarditis and influenza.

Although the exact pathophysiology of COVID-19 leading to myocar-

ditis is unknown, the pathophysiology is likely similar to that of other

viruses such as influenza. There are many similarities between COVID-

19 and influenza infections such as viral transmission, risk factors for

infection, and the range of symptoms.4 However, there are also clear dif-

ferences. The intense cytokine storm that occurs during COVID-19 can

result in myocardial inflammation without the presence of viral particle

in myocardial biopsy while influenza myocarditis appears to be related

mainly to direct viral invasion of myocytes.

In our study, the age and prevalence of cardiovascular comorbidities

was higher in patients with myocarditis and COVID-19 compared to

influenza. Prior reports have also confirmed a higher prevalence of car-

diovascular diseases in patients with COVID-19 infection.5 Predictors of

mortality were also different in both groups which can enable us to risk

stratify patients who are at high risk.

Previous studies comparing influenza and COVID-19 have demon-

strated higher mortality in patients with COVID-19.4 In our study, we

also demonstrated that myocarditis associated with COVID-19 was also

associated with significantly higher mortality compared to influenza.

However, cardiogenic shock as a result of fulminant myocarditis which is

the most severe form of myocarditis was more common in myocarditis

patients with influenza. The higher rates of mortality in myocarditis with

COVID-19 group despite lower risk of severe myocarditis could possibly

be due to deaths from noncardiac etiologies such as bacterial coinfection

and septic shock.

The NIS is an administrative database that utilizes ICD-10-CM codes

and thus could be prone to misclassification errors. Further, laboratory

and imaging data to confirm diagnosis was not available however our

study draws strength from utilization of a national database with a large
Curr Probl Cardiol, July 2023 3



FIG 1. A Comparison of outcomes and predictors of mortality in COVID-19 and influenza myocarditis. (Color version of figure is available online.)
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sample size overcoming the biases seen with single center studies. In

summary, among hospitalizations with myocarditis, concomitant

COVID-19 was associated with an increased risk of mortality but lower

risk of cardiogenic shock when compared to influenza.
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