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*Myocarditis more common in men than women (p<0.0001)
*Median age of patients 33 years
*Males were significantly younger than females (p<0.0001)

*Myocarditis most prevalent in men 16-20 years of age with a gradual decline with age thereafter

*Women highest level after menopause

*Hospital admissions inverse logarithmic association with age

*More men had myocarditis than women (76% men)

*Men had higher peak troponin levels (p<0.001)

*Men were significantly younger than women (p<0.001)

*More men were hospitalized (p=0.015)

*Women had more chronic medical conditions

*More men had myocarditis (78%)

*sST2, a biomarker of heart failure, was increased in men with myocarditis <50 years of age
*sST2 levels correlated with NYHA class heart failure in men but not in women

*More men were found to have myocarditis at autopsy for sudden cardiac death (SCD) (p=0.02)
*SCD was higher in males for all ages from 16-45

*Highest SCD-myocarditis incidence from autopsy observed in those aged 36—45 years
*More men had myocarditis than women

*More men were hospitalized for myocarditis

*Hospitalized men were younger than women (p<0.001)

*In hospital complications and death were higher in women (p<0.001)

*More men had myocarditis than women (82%)

*Sex differences in symptoms: men chest pain, women dyspnea

*Creatine kinase and myoglobin higher in men (p=0.04, p=0.004, respectively)

*More men had myocarditis

*Men were younger than women (36 vs. 53 years, p<0.001)

*ST-elevation on electrocardiogram more often in men (p=0.01)

*More men were hospitalized with suspected myocarditis than women (74%)
*Myocarditis occurred more often in patients 16-20 years of age

*The proportion of males were higher in all age groups except patients >70 years of age
*In the last 10 years, the incidence of myocarditis increased, especially in males

*Incidence rose from 6.3 to 8.6 per 100,000 from 2000-2014, mostly in men <50 years of age
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Epidemiology

* More men develop myocarditis (75-80% M)

* Sex ratio 1:2-4 F:-M

* Myocarditis occurs before age 50 in M and after 50 in F

* Peak myocarditis 16-20yrs M, median 35; F 55

e Sudden cardiac death at autopsy M>F 16-45

* More men hospitalized, more complications and death in F

e Cardiac biomarkers Tpn, creatine kinase, myoglobin, sST2, IL-6, IL-
17A higher in M

* In the last 10 years, the incidence of myocarditis increased,
especially in males <50 years of age



Why is myocarditis more frequent in men?




Greater inflammation &

dilation in male mice
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Myocardial infiltrate primarily CD11b+
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CD11b increased in male mice and men with myocarditis
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Sex Differences in the Immune Response in Myocarditis
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Te increases TLR4/Casp1/IL-13 and fibrosis
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Estradiol reduces myocarditis
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Summary Sex Differences Immune Response

* Mincreased TLR4, IL-1 (proinflammatory & profibrotic), IL-18 (increases
IFNy/Th1), “Th1”

* M increased complement pathways: CD11b, C3, C4, C3aR, C5aR
* M increased Mast cells and Macrophages (M1 & M2b-TLR4)

* M increased IL-6, TGFP1, IL-23, IL-17A, Th17 (profibrotic)

* Th2 response (MCs, M2b, IL-4, IL-33) required for DCM

* Sex hormones (not chromosomes) drive effects

* F make the same response to virus as M, but they regulate it better

* Fincreased T, B, antibodies, CR1, Th2/M2a, Treg, IL-10, IC, TNF (anti-
inflammatory and anti-fibrotic)
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Sex Differences in COVID

Myocarditis & Vaccines




Risk of death from viral myocarditis, COVID-19
vs. COVID-19 vaccine

Table 1 | Characteristics of COVID-19-associated myocarditis and myocarditis after COVID-19 mRNA

vaccination
Myocarditis type

‘Common’ viral
myocarditis

COVID-19-associated
myocarditis and cardiac

injury

Myocarditis after
COVID-19 mRNA
vaccination

Incidence

1-10 per 100,000
people peryear

1,000-4,000 per
100,000 people with
SARS-CoV-2 infection

0.3-5.0 per 100,000
vaccinated people

Survival (%)
=80

30-80

=09

Potential mechanisms

Myocardial injury

Genetic (variants in genes encoding HLA,
desmosomal, cytoskeletal or sarcomeric proteins)

Immune crossreactivity

Sex-related factors

Endothelial injury and microthrombosis

Genetic (variants in genes encoding HLA,
desmosomal, cytoskeletal or sarcomeric proteins)

Sepsisand shock

Hypersensitivity reaction

Genetic (variants in genes encoding HLA,
desmosomal, cytoskeletal or sarcomeric proteins)

Immune crossreactivity

Sex-related factors

COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Myocarditis after Covid-19 Vaccination

COVID-19: Risk ratio of myocarditis associated with COVID-19 estimated to be 18.28

2.5 million vaccinated from health care system in Israel

Vaccine: Risk ratio from a large study from Israel was 3.24
* Incidence of myocarditis 2.13/100,000 cases 42 days after the first dose of the Pfizer-
BioNTech mRNA vaccine

e 4.12/100,000 males all ages
e 0.23/100,000 all ages
* 10.69/100,000 for males age 16-29

70% developed myocarditis after 2" vaccine
80-100% presented with chest pain and elevated troponin

76% mild, 22% intermediate, 1 readmitted to hospital, 1 died

N ENGL | MED 385,23 NEJM.ORG DECEMBER 2, 2021
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Males w/ COVID
same level of virus
out increased
inflammatory
markers
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COVID immune response ‘same’ as CVB3
myocarditis

e Elevated in COVID in males and during myocarditis in CVB3 animal model and
myocarditis patients

e Complement

CRP (not in mice)

TNF

IL-1[3 (TLR4)

IL-18 (TLR4)

IL-6

e [L-17/Th17

Males- monocytes/macrophages
Females- T cells
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