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Abstract
Background: Myocarditis is a rare but significant adverse event associated with 
COVID-19 vaccination, especially for men under 40. If the risk of myocarditis is 
not stratified by pertinent risk factors, it may be diluted for high-risk and inflated 
for low-risk groups. We sought to assess how the risk of myocarditis is reported 
in the literature.
Methods: In accordance with PRISMA standards, we reviewed primary publica-
tions in PubMed, Embase, Google Scholar and MedRxiv (through 3/2022) and 
included studies that estimated the incidence of myocarditis/pericarditis after 
receiving either the BNT162b2 (Pfizer), mRNA-1273 (Moderna) or Ad26COVS1 
(Janssen) vaccine. The main outcome was the percentage of studies using 4, 3, 2, 
1 or 0 stratifiers (i.e. sex, age, dose number and manufacturer) when reporting 
the highest risk of myocarditis. Secondary outcomes included the incidence of 
myocarditis in males after dose 1 and 2 of the BNT162b2 (Pfizer) or mRNA-1273 
(Moderna) vaccine.
Results: The 29 included studies originated in North America, Europe, Asia, or 
were Worldwide. Of them, 28% (8/29) used all four stratifiers, and 45% (13/29) 
used 1 or 0 stratifiers. The highest incidence of myocarditis ranged from 8.1—39 
cases per 100,000 persons (or doses) in studies using four stratifiers. Six studies re-
ported an incidence greater than 15 cases per 100,000 persons (or doses) in males 
aged 12–24 after dose 2 of an mRNA-based vaccine.
Conclusions: Only one in four articles reporting myocarditis used four strati-
fiers, and men younger than 40 receiving a second dose of an mRNA vaccine are 
at greatest risk.

K E Y W O R D S

COVID-19 vaccination, epidemiology, health policy, myocarditis
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1   |   INTRODUCTION

Myocarditis and/or pericarditis may be a serious safety 
signal associated with COVID-19 vaccination.1 Early 
data from Israel estimated the excess risk of myocardi-
tis from the BNT162b2 (Pfizer) vaccine to be 2.7 events 
per 100,000 persons across people of all demographics.2 
Since then, however, reports have emerged finding the 
risk of myocarditis to be much higher in certain subsets of 
people. In an analysis by the Centers for Disease Control 
(CDC) of 1626 myocarditis cases reported to the Vaccine 
Adverse Reporting System (VAERS) after mRNA-based 
COVID-19 vaccination, 1195 (73%) were younger than 30, 
82% (1265/1538) occurred after the second dose and 82% 
(1334/1625) were males.3 Additional published analyses 
have supported this data by showing that those at highest 
risk of myocarditis are men under age 30 who receive a 
second mRNA vaccine dose.4–10

The CDC and Food and Drug Administration (FDA) 
monitor COVID-19 vaccine safety which informs pol-
icy recommendations regarding the optimal vaccination 
schedule. In a meeting on June 7th, the CDC reported 
that among all demographics, adolescent men receiving 
the second dose of the Pfizer vaccine had the highest in-
cidence of myocarditis.11 The CDC has already recom-
mended an extended delay of 3 or 4—8 weeks (from an 
initial recommendation of 3—4 weeks) between dose 1 
and 2 of the primary mRNA COVID-19 vaccination series 
for healthy individuals to reduce the risk of myocarditis.12 
It is likely that they will continue to update their recom-
mendations as more data emerges to minimise the risk 
and maximize the benefit of vaccination.

We performed a review of the literature to estimate the 
population-level incidence of myocarditis after COVID-19 
vaccination. We specifically looked at studies that strati-
fied the risk by sex, age, dose number and manufacturer 
to identify the subset of people at greatest risk. This in-
formation may empower policymakers and public health 
agencies to make prudent decisions about how to vacci-
nate against COVID-19 safely.

2   |   METHODS

2.1  |  Objective

We sought to find articles that estimate the risk of post-
COVID-19 vaccine induced myocarditis broken down by 
sex, age, dose number and manufacturer.

The primary outcome was the percentage of studies 
using 4, 3, 2, 1 or 0 stratifiers (i.e. sex, age, dose number 
and manufacturer) when reporting the highest risk of 
myocarditis.

The secondary outcome was the incidence of myocar-
ditis in men after dose 1 and 2 of the BNT162b2 (Pfizer) or 
mRNA-1273 (Moderna) vaccine. The Pfizer and Moderna 
vaccine carry the greatest risk of myocarditis. We aimed 
at comparing the risk of myocarditis between dose 1 and 
dose 2 within the same vaccine and between the two 
vaccines.

2.2  |  Literature search

Articles discussing COVID-19 vaccination and myocar-
ditis in relation to the BNT162b2 (Pfizer), mRNA-1273 
(Moderna) and Ad26COVS1 (Janssen), COVID-19 vac-
cine was identified in PubMed, Embase, Google Scholar 
and MedRxiv through 3/2022 using the following general 
search terms: ‘myocarditis’, ‘pericarditis’, ‘COVID-19 vac-
cine’, ‘BNT162b2’, ‘mRNA-1273’, and ‘Adv26’ through 
03/2022. The full search query can be found in the appen-
dix (Table S1).

We limited our search to the three FDA approved 
or authorised COVID-19 vaccines: BNT162b2 (Pfizer), 
mRNA-1273 (Moderna) and Ad26COV21 (Janssen). 
The ChAdOx1 (AstraZeneca) vaccine was excluded be-
cause only case reports of myocarditis after vaccination 
were  found in the literature, and some nations sus-
pended in younger people (e.g. Germany March 2021) 
(Table S1).

2.3  |  PRISMA guidelines/
article inclusion

The review article was in accordance with the standards 
of the Preferred Reporting Items for Systematic Review 
and Meta-Analysis (PRISMA) Statement. All articles 
initially found were screened by a single reviewer via 
title/abstract, and all case reports/series, review papers 
and unrelated reports (i.e. myocarditis related to SARS-
CoV-2 and adverse events other than myocarditis) were 
removed. The remaining selection was reassessed, and 
all reports that did not provide a population-level inci-
dence estimate of myocarditis, pericarditis and/or myo-
pericarditis were removed. Additionally, all estimates 
presented only as presentation, duplicates and unre-
lated articles were eliminated. Articles were excluded 
if they were not full-length original articles (i.e. >2500 
words), as these often-lacked sufficient explanation of 
methods for categorization (Figure  S1). All articles re-
porting an incidence risk of myocarditis/pericarditis 
after COVID-19 vaccination were included. A second 
researcher was consulted whether there was uncertainty 
about including a report.
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2.4  |  Data abstraction

All included articles were read completely by a single re-
viewer, and the following data points were extracted for the 
primary analysis: title, author, myocarditis risk estimates, 
number of stratifiers used for the highest incidence esti-
mate, database/cohort used to derive the incidence, study 
country of origin, time frame postvaccination considered, 
myocarditis diagnosis method, journal and impact factor, 
accrued citations in Google Scholar and Altmetric score. 
The accrued citations in Google Scholar and the Altmetric 
score were noted on 6/6/2022 and were used to investigate 
the correlation between the magnitude of myocarditis risk 
estimates and the accrued citations in Google Scholar or 
Altmetric score.

The following data points were extracted, and descrip-
tive statistics were compiled (if available in the manu-
script): average age of patients with myocarditis, total 
number of vaccine doses administered, total number of 
myocarditis cases, number of myocarditis cases in males, 
number of myocarditis cases in females, the time frame 
considered and if the paper was peer reviewed and pub-
lished or if it was a preprint.

The stratifiers we prespecified were: sex, age, dose 
number and manufacturer. These stratifiers were chosen 
because emerging reports suggested that the incidence of 
myocarditis varied among vaccine recipients of different 
sexes and ages, the dose received and the vaccine man-
ufacturer. Additionally, although there are many other 
stratification factors to consider the ones selected were 
the most prevalent and were readily accessible. The time 
between dose 1 and 2 is another relevant stratification fac-
tor, but this was only considered in one study by Buchan 
et al.10 Articles were grouped according to the number of 
stratifiers used to estimate the incidence of myocarditis.

In this analysis, myocarditis was considered synon-
ymous with pericarditis and myo/pericarditis. Thus, 
myocarditis includes myocarditis, pericarditis and myo/
pericarditis.

2.5  |  Data analysis

Statistical analysis was performed in R version 4.2.2. The 
Kruskal–Wallis test was used to compare a difference in 
the distribution of the highest myocarditis risk by strati-
fied groups. A univariate meta-regression was used to as-
sess how stratification is related to the rate of myocarditis. 
We sought to identify if factors, such as journal impact 
factor, industry funding or study location, were predic-
tors of the degree of stratify a study utilised. We used a 
Kruskal–Wallis test to determine whether impact factor 
was a predictor of the degree of stratification. The Fisher's 

Exact test was used to evaluate whether either industry 
funding or study location was a predictor of the degree of 
stratification.

2.6  |  Ethics approval

In accordance with 45 CFR §46.102(f), this study was not 
submitted for institutional review board approval because 
it involved publicly available data and did not involve in-
dividual patient data.

3   |   RESULTS

A total of 758 articles were obtained after literature 
search. Of those, 89% (674/758) were removed from the 
initial screen as they were case reports/ series, review pa-
pers or unrelated articles. Of the remaining 84 articles, 
30% (25/84) were duplicates, 6% (5/84) were presentations 
or not full-length articles, 8% (7/84) did not provided a 
population-level incidence of myocarditis and 21% (18/84) 
were unrelated. This left 29 articles for the final analysis.

The analysis contained cases of myocarditis from males 
and females of all age groups. The studies came from a di-
verse group of countries: Hong Kong, Canada, US, Israel, 
UK, Denmark, South Korea, Singapore and some were 
worldwide.

We found 28% (eight of 29) of studies utilised four 
stratifiers (Table 1) and Table 2. The incidence of myocar-
ditis ranged from 8.1 to 39 cases per 100,000 persons (or 
doses) when four stratifiers were examined (Figure 1). All 
were in men under age 40 after dose 2 of an mRNA-based 
vaccine.

The highest two estimates when examining four strati-
fiers, 39 and 37.3 cases per 100,000 persons were in males 
aged 12–17 after dose 2 of the Pfizer vaccine (Figure 2). 
The two studies reporting rates after the Moderna vaccine 
found a risk of 30 cases per 100,000 doses in males aged 
18–24 after dose 2 and 10.1 cases per 100,000 persons in 
males under age 40 after dose 2 (Figure 3).

We found 17% (five of 29) of studies utilised three strat-
ifiers (Table 1). The incidence of myocarditis ranged from 
4.3 to 53.7 cases per 100,000 persons (or doses) when only 
three stratifiers were examined (Figure 1). The highest in-
cidence of myocarditis across all 29 articles was found in 
this group. Sharff et al estimated a risk of 53.7 cases per 
100,000 doses in males aged 18–24 after dose 2 of either 
the Pfizer or Moderna vaccine9 (Figure 2). The lowest es-
timate in this group by Choe. et al, 4.3 cases per 100,000 
persons, did not stratify by sex.

We noted that 10% (three of 29) of studies utilised two 
stratifiers (Table 1). The incidence of myocarditis ranged 
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from 1 to 6.3 cases per 100,000 persons (or doses) when 
only two stratifiers were examined (Figure 1).

We found 45% (13 of 29) of studies utilised either 1 or 0 
stratifiers (Table 1). The incidence of myocarditis ranged 
from 0.2 to 7.8 cases per 100,000 persons (or doses) when 
1 and 0 stratifiers were examined (Figure 1). 85% (11 of 13) 
studies in this group did not separate out the risk between 
males from females.

The rates of myocarditis decline across groups 
(groups = 4, 3, 2, 1, or 0 stratifiers) using fewer stratifica-
tion factors (p = 0.0007) (Figure 1). In other words, when 
myocarditis is reported more granularly, rates are highest.

The univariate meta-regression showed a significant 
association between the risk of myocarditis and the num-
ber of stratification factors. The comparator for the anal-
ysis was the group with 0 stratifiers. The group with four 
stratifiers had a beta coefficient of 2.6 (p  < 0.0001), the 
group with three stratifiers had a beta coefficient of 2.4 
(p < 0.0001), the group with two stratifiers has a beta coef-
ficient of 0.91 (p = 0.06) and the group with one stratifier 
was not significant.

The median journal impact factor in among 4, 3, 2, 1 
and 0 stratifier groups was 92.1, 3.3, 51.6, 6.9 and 4.6, re-
spectively. The journal impact factor was not a predictor of 
the degree of stratification (p = 0.257).

Only one study was funded by industry. Industry 
funding was not a predictor of the degree of stratification 
(p = 0.414).

The percentage of studies conducted in the United 
States among 4, 3, 2, 1 and 0 stratifier groups was 50%, 11%, 
67%, 20% and 75%, respectively. US or Non-US study origin 
was a predictor of the degree of stratification (p = 0.02).

The incidence of myocarditis after dose 1 of the Pfizer 
vaccine in men under age 40 ranged from 0.2 to 5.6 cases 
per 100,000 persons (or doses) (Figure 2). The incidence 
of myocarditis after dose 2 of the Pfizer vaccine in males 
under age 40 was considerably higher and ranged from 1.2 
to 39 cases per 100,000 persons (or doses) (Figure 2).

The incidence of myocarditis after dose 1 of the 
Moderna vaccine in men under age 40 ranged from 0.5 
to 3.7 cases per 100,000 persons (or doses) (Figure 3). The 
incidence of myocarditis after dose 2 of the Moderna vac-
cine in men under age 40 ranged from 2.4 to 30 cases per 
100,000 persons (or doses) (Figure 3).

There were five studies with Altimetric scores greater 
than 5000 and Google Scholar citations greater than 100 
(Table  1). Two of these studies used all four stratifiers 
(incidence: 15.1 and 10.6 cases per 100,000 persons (or 
doses)), one of the studies used three stratifiers (inci-
dence: 10.7 cases per 100,000 persons), one of the studies 
used one stratifier (incidence: 2.7 cases per 100,000 per-
sons) and one of the studies 0 stratifiers (incidence: 1.0 
cases per 100,000 persons).# 
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4   |   DISCUSSION

We performed a review to identify articles that estimated 
the incidence of COVID-19 vaccine induced myocarditis 
in young males. Our analysis was broad which identified 
both published and unpublished literature. We found 29 
articles that met the inclusion criteria and categorised 
them based on how the incidence of myocarditis was 
reported.

Overall, we found that higher incidences of myocar-
ditis were correlated with more granular data. In other 

words, studies that stratified by all four (sex, age, dose 
number and manufacturer) or even three risk factors 
reported the highest rates of myocarditis, with few ex-
ceptions. This was supported by the univariate meta-
regression which showed a significant association 
between the degree of stratification and the myocardi-
tis risk. In studies that did not stratify appropriately, the 
risk estimate is likely diluted for subgroups of people 
at higher risk (young men) and inflated for people at 
lower risk (older women). In an era of precision med-
icine, it seems inappropriate to use a nonstratified or 

T A B L E  2   Descriptive statistics of all studies included in the analysis

Descriptor
Studies using 4 
stratifiers (N = 8)

Studies using 3 
stratifiers (N = 5)

Studies using 
2 stratifiers 
(N = 3)

Studies using 
1 stratifier 
(N = 9)

Studies using 
0 stratifiers 
(N = 4)

Average age of patients with 
myocarditis, median (range)

15.25 (13.69–24) 21.5 (16–27) 25 38 (25–44) 36 (22–48)

Total number of vaccine doses 
administered, median (range)

9,931,875 (305,406-
354,100,845)

2,923,182 (261,334-
275,252,007)

2,800,000 240,000,000 
(268,320- 
298,792,852)

1,457,474 
(127,081-
7,588,200)

Total number of myocarditis cases, 
median (range)

194.5 (13–1626) 35 (15–1439) 27 (23–269) 21 (7–1956) 31 (3–67)

Number of myocarditis cases in 
males, median (range)

118 (12–1334) 32.5 (13–1117) 109.5 (23–196) 6 (6–15) 15 (3–15)

Number of myocarditis cases in 
females, median (range)

18 (1–296) 2.5 (2–292) 36.5 (0–73) 1 (0–6) 5 (0–6)

Study Period, median weeks, 
(range)

27.85 (20–38) 31.52 (17.6–43.4) 22.9 (17–52.7) 31.14 (17–41.6) 29.87 (25–33.6)

Full length/peer reviewed, n (%) 6 (75) 4 (80) 3 (100) 9 (100) 4 (100)

Preprint, n (%) 2 (25) 1 (20) 0 (0) 0 (0) 0 (0)

F I G U R E  1   Highest myocarditis incidence from each study. Each bar represents a unique study. Data are grouped according to the 
number of stratifiers used. Stratifiers are sex, age, dose number and manufacturer. Each bar is labelled on the x-axis with the stratifiers 
unique to the study that the estimate was obtained from. The number above each bar represents the myocarditis incidence. Male (M), Dose 2 
(D2), Not Applicable (NA). In studies using four stratifiers, the stratifiers Male and Dose 2 were universally applicable
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10 of 14  |      KNUDSEN and PRASAD

broad myocarditis incidence estimates when forming 
policy around vaccinating young men, a category easily 
identifiable.

Consistently, we found that men under the age of 40 
who received a second dose of either the Pfizer or Moderna 
vaccine had the highest incidence of myocarditis. Our re-
view covered the time of the initial vaccine roll-out and the 
months that followed. During this period, adverse events 
associated with COVID-19 vaccination, such as myocardi-
tis, were first being identified. Given that as high as 70% of 
studies reporting adverse events associated with COVID-19 
vaccination did not stratify enough to calculate the inci-
dence in the demographic at highest risk, public health 
officials may have overlooked or minimised this complica-
tion, delaying the opportunity for risk mitigation.

Our analysis showed higher rates of myocarditis than 
reported by the CDC through the Vaccine Adverse Events 
Reporting System (VAERS). As of a 7 June 2022, presen-
tation, VAERS documented 4.64 cases per 100,000 doses 
for those aged 12–15 and 7.59 cases per 100,000 doses 
for those aged 16–17 after dose 2 of the Pfizer vaccine.11 
However, data from Vaccine Safety Datalink (VSD) aligns 

better with our report. Vaccine Safety Datalink reports 
15.3 cases per 100,000 doses for those aged 12–15 and 
13.9 cases per 100,000 doses for those aged 16–17 after 
dose 2 of the Pfizer vaccine.11 Notably, Sharff et al found 
that VSD undercounts cases of myocarditis. Her analysis 
using encounter text description keyword searching iden-
tified five additional cases of myocarditis that were missed 
using VSD methodology.9

Furthermore, we found that for both Pfizer and 
Moderna vaccines, the risk of myocarditis is orders of 
magnitude greater after the second dose compared to the 
first dose, especially for age groups under 25. There are 
five studies reporting an incidence greater than 10 cases 
per 100,000 persons (or doses) in men aged 12–19 after 
dose 2 of the Pfizer vaccine. The risk of myocarditis across 
those five studies ranges from 1/2562 to 1/9442 persons. 
The Moderna COVID-19 vaccine was approved later than 
Pfizer's; thus, there are less data on the incidence of myo-
carditis. However, we found that men aged <40 who re-
ceive the second dose are at highest risk.

To contextualise the incidence of myocarditis after 
COVID-19 vaccination, it is helpful to compare the risk to 

F I G U R E  2   Myocarditis incidence in males after of BNT162b2 (Pfizer) vaccination. (A) Incidence of myocarditis after dose 1 of 
BNT162b2 vaccination. (B) Incidence of myocarditis after dose 2 (left) or after either dose 1 or 2 (right) of BNT162b2 vaccination. Sharff 
et al is an exception and combines data from Pfizer and Moderna vaccination. Estimates are grouped by the study they were collected 
from—indicated by the author listed on the x-axis. Bars of the same colour are estimates from the same study but from a different age 
group. Incidence estimates were only included from studies that separated men from women and provided an estimate of the incidence of 
myocarditis in males after BNT162b2 vaccination
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the incidence of myocarditis after influenza vaccination or 
SARS-CoV-2 infection. Myocarditis is typically not associ-
ated with influenza vaccination; thus, there are few, if any 
reports describing the incidence. On the contrary, myocar-
ditis is a known cardiovascular sequala of COVID-19.13 
The CDC estimated that among men 12–17 and 18–29, 
the incidence of myocarditis and myocarditis or pericar-
ditis was 50.1–64.9 and 55.3–100.6 cases per 100,000, re-
spectively.13 The incidence of myocarditis found for young 
men after SARS-CoV-2 infection is larger than what we 
found for myocarditis following COVID-19 vaccination. 
Moreover, Patone et al showed that the number of excess 
myocarditis events after SARS-CoV-2 infection was at 
least four times larger than after either dose 1 or 2 of the 
AstraZeneca, Pfizer or Moderna vaccine among people of 
all ages.14 However, when Patone's analysis was limited to 
those under 40, the number of excess myocarditis events 
after dose 2 of the Moderna vaccine outnumbered those 
having had a SARS-CoV-2 infection.14 Furthermore, cal-
culating the incidence of myocarditis after vaccination is 
relatively precise given that the two inputs, cases of myo-
carditis and vaccine doses administered, are known. The 
calculation for estimating the incidence of myocarditis 
after SARS-CoV-2 infection is more challenging to obtain 

because the total number of people who have had an in-
fection is likely unknown and unattainable. Studies typi-
cally rely on documented infections, which likely suffers 
the flaw of undercounting the total number of infections 
because not everyone with the infection has a documented 
positive test. Thus, the incidence may be inflated and in-
accurate. Using seroprevalence data as opposed to docu-
mented infections would better capture the total number 
of infections in a given population, and would more accu-
rately estimate myocarditis post infection.

There is variability between the rates of myocarditis 
across studies, even within the same stratifying bin. This 
is likely due to multiple factors. One being the time-frame 
postvaccine dedicated to capturing adverse events is not 
uniform across all studies (Table 1). Some have wider win-
dows than others, which affects the number of myocar-
ditis cases attributed to vaccination. Additionally, across 
studies, there was variability between the diagnostic cri-
teria used to evaluate whether a patient was experienc-
ing myocarditis (Table  1). Some criteria may be more 
strict or lenient leading to less or more cases of myocar-
ditis meeting inclusion, respectively. Finally, we included 
studies performed in multiple countries and across var-
ious health systems or databases dedicated to recording 

F I G U R E  3   Myocarditis incidence 
estimates in males after mRNA-1273 
(Moderna) vaccination. (A) Incidence of 
myocarditis after dose 1 of mRNA-1273 
vaccination. (B) Incidence of myocarditis 
after dose 2 (left) or after either dose 1 
or 2 (right) of mRNA-1273 vaccination. 
Estimates are grouped by the study they 
were collected from—indicated by the 
author listed on the x-axis. Bars of the 
same colour are estimates from the same 
study but from a different age group. 
Incidence estimates were only included 
from studies that separated males from 
females and provided an estimate of the 
incidence of myocarditis in men after 
mRNA-1273 vaccination
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adverse events attributed to vaccination. There is inherent 
variability between the collection methods used by each 
system. For example, some use active surveillance while 
others use passive recording. We acknowledge that the pit-
falls in uniformity make myocarditis incidence estimates 
less certain; however, the available data are still valuable 
and helps distil who is at greatest risk.

We did not find a correlation between the magnitude of 
myocarditis risk estimates and either the accrued citations 
in Google Scholar or the Altmetric score. The accrued 
citations in Google Scholar and the Altmetric score are 
both crude and early estimates of the publicity an article 
receives. The number of citations or Altmetric score was 
more correlated with the prestige of the journal publish-
ing the article than the myocarditis risk estimate.

We attempted to identify characteristics of either the 
study or the journal that would correlate with the degree 
of stratification utilised by a particular study. We found that 
impact factor and industry funding was not significantly as-
sociated with the degree of stratification. However, we did 
find that the country origin of either US or non-US was sig-
nificantly associated with the degree of stratification.

4.1  |  Strengths and limitations

This study has at least two strengths and four limitations. 
To our knowledge, ours is the largest and most compre-
hensive review on this topic. Previous systematic reviews 
on adverse events associated with COVID-19 vaccination 
focus on describing the clinical course and outcomes of 
vaccine induced injury gathered from case reports or se-
ries15,16,17 or limit their analysis to reports from vaccine 
safety surveillance databases.17 Rather than describing 
clinical sequalae, ours is the first to summarise the pre-
dicted incidence of postvaccine myocarditis across un-
published and published literature. We are also the first to 
document the phenomenon where the number of stratifi-
cation factors by which myocarditis is reported correlates 
with aggregate risk results. Yet, we have four limitations. 
Since our initial literature search (03/2022), additional 
data have been collected and published on the incidence 
of postvaccine myocarditis. Our manuscript does not in-
clude these reports, but on crude observation, the new 
estimates agree with the data presented here. Second, we 
did not score each study according to its quality of data 
and therefore viewed each study equally. If a study uti-
lised poor data, we did not account for this in our analysis. 
Additionally, our analysis is limited by the data presented 
in each study. For example, we were not able to present 
myocarditis incidence estimates in young men from stud-
ies that did not stratify data by sex and age. Finally, due 
to heterogeneity of data sources, definitions and lack of 

complete stratification, we did not pursue meta-analytic 
or pooled estimate, and merely chose to describe our re-
sults. Pooled estimates would suffer from missing data.

5   |   CONCLUSION

Myocarditis is a serious adverse event that disproportion-
ately affects men under 40, with highest risk among men 
aged 12–24 who receive a second dose of a COVID-19 
mRNA vaccine. We show that when investigators present 
the risk of myocarditis stratified by sex, age, dose number 
and manufacturer, it is much larger than without stratifi-
cation. An important safety signal may have been ignored 
or minimised by failure to stratify appropriately.
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