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Myocarditis and pericarditis are managed with various treatments, yet prior studies and case reports 
indicate that certain drug classes may elevate the risk for these inflammatory cardiac conditions. 
This research aimed to systematically identify the leading drugs most frequently associated 
with myocarditis and pericarditis cases. Analyses were carried out using the global database of 
individual case safety reports from 1968 to 2024. We identified the drugs most frequently reported 
in signal detection with myocarditis and pericarditis, selecting the top 10 drugs based on record 
count, excluding those used in the treatment of inflammatory cardiac conditions to avoid potential 
confounding. Two statistical indicators, the information component (IC) with IC025 and reporting odds 
ratio (ROR) with 95% confidence interval (CI) were used to conduct the disproportionality analysis in 
this study. The following five drugs were consistently observed with both myocarditis and pericarditis: 
clozapine, mesalazine, smallpox vaccine, influenza vaccine, and COVID-19 mRNA vaccine. The other 
leading drugs differed by condition, with nivolumab, pembrolizumab, ipilimumab, valproate, and 
metronidazole appearing more frequently for myocarditis, and ribavirin, sulfasalazine, methotrexate, 
omalizumab, and heparin for pericarditis. Each of these drugs showed a significant signal detection 
with myocarditis (ROR, 83.22 [95% CI, 81.17–85.33]; IC, 3.96 [IC025, 3.94]) and pericarditis (42.16 
[41.19–43.16]; 3.66 [3.64]). Although our findings did not allow for causal inference, these findings 
highlight the importance of monitoring for possible adverse carditis cases when prescribing these 
drugs. Further studies are encouraged to investigate underlying mechanisms, assess individual patient 
risk factors, and explore the long-term impacts associated with myocarditis and pericarditis in relation 
to drug.
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Myocarditis and pericarditis are inflammatory conditions of the heart, affecting the myocardium and pericardium, 
respectively1. These diseases are often caused by infections, commonly viral, autoimmune responses, toxins, or 
medication hypersensitivity reactions2. Although myocarditis and pericarditis are relatively rare, their impact 
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on health can be profound, ranging from mild symptoms to severe complications, including heart failure, 
arrhythmias, and even sudden cardiac death3. The global burden of these conditions is difficult to estimate 
precisely, but they are recognized as significant contributors to cardiovascular morbidity, especially among 
young adults4. Recent advances in diagnostic techniques have enabled better detection and understanding of 
these diseases. However, they continue to pose a clinical challenge due to their varied etiologies and potential 
for life-threatening outcomes5.

Various treatments are employed to manage myocarditis and pericarditis, including anti-inflammatory drugs, 
immunosuppressants, and, in some cases, antiviral medications5. However, paradoxically, certain medications 
themselves have been implicated as triggers for myocarditis and pericarditis. Previous studies have reported 
that specific drug classes, including immunosuppressants, biologics, and vaccines, may be associated with an 
increased risk of inflammatory cardiac events6–8. These findings underscore the importance of meticulous 
pharmacovigilance to monitor the potential cardiac risks associated with widely used medications. Although 
previous studies have investigated classes of drugs, a comprehensive analysis focusing on the most frequently 
related drugs with these specific cardiac conditions has been limited9.

This study aimed to identify the top 10 drugs most frequently associated with reports of myocarditis and 
pericarditis in a global pharmacovigilance database, to support clinical decision-making and enhance monitoring 
strategies for potential cardiac-related adverse events.

Methods
Data sources
The primary data source for this study is the global pharmacovigilance database, the world’s largest repository 
of individual case safety reports (ICSRs)10,11. Since its inception, the database has collected over 35  million 
reports from more than 140 countries, making it a valuable resource for global pharmacovigilance and drug 
safety analysis. The Institutional Review Boards of Kyung Hee University approved the use of confidential 
and electronically processed patient data. Informed consent was waived, as our database does not contain any 
personally identifiable information.

Selection of cases
For this analysis, we identified reports of myocarditis and pericarditis by searching the global pharmacovigilance 
database for all ICSRs, using the Medical Dictionary for Regulatory Activities (MedDRA) version 26.0. Only 
reports where a drug was classified as “suspect” or “interacting” with myocarditis or pericarditis as an adverse 
effect were included (Table S1). To reduce indication bias, drugs classified under the cardiovascular system 
(ATC code CXXXX; e.g., beta blockers, calcium channel blockers, and diuretics), immunosuppressants (ATC 
code L04XX; e.g., tumor necrosis factor alpha inhibitors, interleukin inhibitors, and calcineurin inhibitors), and 
systemic corticosteroids (ATC code H02AX; e.g., glucocorticoids) were excluded, as these agents are often used 
in the treatment of inflammatory cardiac conditions12–14. Specifically, colchicine (ATC code M04AC) was also 
excluded from the pericarditis analysis due to its common use in managing this condition15. We then identified 
the drugs most frequently reported with myocarditis and pericarditis, extracting the top 10 drugs by record 
count to prevent combination. In addition, to minimize bias resulting from co-prescribed medications, we 
conducted our analysis focusing solely on drugs that were reported as being individually prescribed.

Data collection
This study utilized ICSRs submitted by various sources, including national pharmacovigilance centers, healthcare 
professionals, pharmaceutical companies, and patients. The reported data included several key factors: patient 
demographics (age groups: 0–17, 18–44, 45–64, 65–74, ≥ 75 years, and unknown) and sex, organizational data 
(reporting years: 1968–1979, 1980–1989, 1990–1999, 2000–2009, 2010–2019, and 2020–2024; reporting regions: 
Africa, Americas, Southeast Asia, Europe, Eastern Mediterranean, and Western Pacific; and reporter type: health 
professionals, non-health professionals, and unknown), drug-related information (drug class), and adverse drug 
reaction data (time to onset [TTO] and outcomes: recovered, not recovered, fatal, and unknown)10.

Statistical analysis
This analysis employed a report-non-report approach to detect the signal of myocarditis and pericarditis with 
the top 10 most frequently reported drugs using disproportionality analysis. For the disproportionality analysis, 
we used two key indicators: the information component (IC) and the reporting odds ratio (ROR). The IC was 
calculated using a Bayesian approach, comparing ADRs to all other drugs in the database. The IC025 value 
represents the lower limit of a 95% credibility interval for the IC, and a positive IC025 value (IC025 > 0.00) is 
considered statistically significant. The ROR was derived from a contingency table analysis, and a significant 
signal detection between adverse events and a drug is established when both the ROR and its lower 95% 
confidence interval (CI) are greater than 1.00. A two-sided p-value < 0.05 was considered statistically significant, 
and all analyses were performed using SAS (version 9.4; SAS Inc., Cary, NC, USA).

Results
Overall analysis
Between 1968 and 2024, the global pharmacovigilance database identified over 35 million ICSRs, resulting in 
8,293,350 reports of myocarditis and 8,631,131 reports of pericarditis (Fig. 1). For analysis, we selected the 10 
most frequently reported drugs associated with each condition, resulting in 35,017 myocarditis reports and 
24,959 pericarditis reports (Table 1). A majority of reports occurred in males, with 66.84% for myocarditis and 
53.38% for pericarditis. The age group of 18–44 years accounted for 44.34% of myocarditis reports and 39.88% 
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of pericarditis reports. Approximately half of the reports were captured in the Americas (51.59% for myocarditis 
and 48.92% for pericarditis), followed by Europe (33.89% and 34.64%, respectively) and the Western Pacific 
region (14.22% and 16.23%, respectively). Figures S1 and S2 illustrate the cumulative reports over time, showing 
a steady increase in myocarditis and pericarditis over the past five decades. Notably, there was a sharp rise in 
2021, coinciding with the introduction of the COVID-19 mRNA vaccines and the occurrence of acute SARS-
CoV-2 infections.

Proportional distribution and stratified analysis of myocarditis and pericarditis associated 
with top 10 drugs
Figure 2 illustrates the proportional distribution of the 10 most frequently reported drugs associated with 
myocarditis and pericarditis. Among these, five drugs were identified as commonly linked to both conditions: 
clozapine, mesalazine, smallpox, influenza, and COVID-19 mRNA vaccine. However, the remaining five 
drugs differed for each condition, with nivolumab, pembrolizumab, ipilimumab, valproate, and metronidazole 
identified in cases of myocarditis, and ribavirin, sulfasalazine, methotrexate, omalizumab, and heparin in cases of 
pericarditis. Across all age groups and sexes, significant signal detection was observed for both carditis subtypes. 
Notably, the highest IC values were found in the 0 to 17 years age group (myocarditis: IC, 4.57; IC025, 4.51 
and pericarditis: IC, 4.33; IC025, 4.23), indicating a significant signal detection for both conditions in younger 
individuals. For myocarditis, males exhibited a higher ROR (105.12; 95% CI, 101.71 to 108.65) compared to 
females (ROR, 59.11; 95% CI, 56.86 to 61.45), consistent with a greater number of reports in males (23,407/35,017 
reports; 66.84%). In contrast, pericarditis showed less pronounced differences between males (ROR, 48.12; 95% 
CI, 46.56 to 49.73) and females (ROR, 37.32; 95% CI, 36.10 to 38.58), consistent with a relatively similar number 
of reports in males (13,500/24,959; 54.09%) (Tables S2 and S3). A sensitivity analysis excluding COVID-19 
vaccine reports showed consistent patterns in subgroup analyses of drug-associated myocarditis and pericarditis 
(Tables S4 and S5). Similarly, when restricted to reports submitted exclusively by healthcare professionals, the 
sensitivity analysis revealed consistent patterns across subgroups (Tables S6 and S7).

Disproportionality analysis of myocarditis and pericarditis associated with the top 10 drugs
Among the identified drugs, the COVID-19 mRNA vaccine accounted for the largest proportion of myocarditis 
(76.16%; 26,670/35,017), followed by clozapine (15.29%; 5,353/35,017). Similarly, in the report of pericarditis, the 
COVID-19 mRNA vaccine also represented the highest proportion of reports (88.15%; 22,001/24,959). However, 
unlike myocarditis, no other drug accounted for more than 10% of total pericarditis reports, with clozapine 
being the drug with the second highest proportion of reports (2.88%; 718/24,959). With the disproportionality 
analysis, all drugs except metronidazole showed significant signal detection for myocarditis, while all 10 drugs 
showed a significant signal detection for pericarditis (Figs.  3 and 4). Among the reports, smallpox vaccine 
exhibited the highest ROR for both myocarditis (103.62 [95% CI, 92.53 to 116.05]) and pericarditis (111.93 
[99.34 to 126.13]). In contrast, while the COVID-19 mRNA vaccine contributed the largest number of both 
carditis reports, it showed relatively lower RORs for myocarditis (38.30 [37.34 to 39.29]) and pericarditis (55.95 
[54.16 to 57.80]). Notably, despite the higher number of reports with the COVID-19 mRNA vaccine, the highest 

Fig. 1.  Flow chart illustrates the selection process for drug-associated myocarditis and pericarditis events.
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IC values were observed with the smallpox vaccine (myocarditis: IC, 6.43; IC025, 6.24; pericarditis: IC, 6.50; IC025, 
6.31), indicating a significant signal detection between the smallpox vaccine and both carditis subtypes.

Clinical features of myocarditis and pericarditis in cases with the top 10 drugs
A detailed description of each drug for both conditions is provided in Tables S8 and S9. For both carditis types, 
all of the top 10 drugs had a median TTO of 1 day. For myocarditis, the mean TTO was 9.52 days (standard 
deviation, 62.68), and for pericarditis, it was 6.46 days (standard deviation, 44.78). Most reports, excluding 
those with unknown outcomes, resulted in recovery, comprising 66.62% of known myocarditis outcomes and 
63.04% of known pericarditis outcomes. Among reports with fatal outcomes, three monoclonal antibodies 
(pembrolizumab, ipilimumab, and nivolumab) showed nearly 20% of fatalities in myocarditis reports, while 
other drugs showed to a fatality rate of less than 10%. In the report of pericarditis, only sulfasalazine showed a 
greater than 10% fatality rate. Outside of cardiac-related events, the most frequent concurrent adverse events for 
myocarditis-inducing drugs were related to the muscular system, with over 20% of such events reported for the 
three monoclonal antibody drugs (ipilimumab, nivolumab, and pembrolizumab). In contrast, for pericarditis-
inducing drugs, the most common concurrent adverse events outside of the cardiac system were neurologic 
events, with three vaccines (smallpox, influenza, and COVID-19 mRNA vaccine) showing over 14% of each 
report. These three vaccine types were also showed concurrent neurologic adverse events more than 17% in the 
myocarditis reports.

Discussion
Key findings
This study offers a comprehensive overview of myocarditis and pericarditis, focusing on reports of these events 
received by the global pharmacovigilance database. The signal of five drugs (clozapine, mesalazine, smallpox 
vaccine, influenza vaccine, and COVID-19 mRNA vaccine) was detected with both myocarditis and pericarditis, 
while five other drugs were distinct for each condition: nivolumab, pembrolizumab, ipilimumab, valproate, 
and metronidazole for myocarditis, and ribavirin, sulfasalazine, methotrexate, omalizumab, and heparin for 

Variables Myocarditis, number (%) Pericarditis, number (%)

Region reporting African Region 30 (0.09) 18 (0.07)

Region of the Americas 18,067 (51.59) 12,211 (48.92)

Southeast Asia Region 44 (0.13) 7 (0.03)

European Region 11,869 (33.89) 8,645 (34.64)

Eastern Mediterranean Region 28 (0.08) 26 (0.10)

Western Pacific Region 4,979 (14.22) 4,052 (16.23)

Reporting year 1968–1979 0 (0) 5 (0.02)

1980–1989 3 (0.01) 24 (0.10)

1990–1999 88 (0.25) 99 (0.40)

2000–2009 705 (2.01) 340 (1.36)

2010–2019 3,651 (10.43) 1,933 (7.74)

2020–2024 30,570 (87.3) 22,558 (90.38)

Reporter qualification Health professional 23,241 (66.37) 14,251 (57.10)

Non-health professional 11,776 (33.63) 10,708 (42.90)

Sex Male 23,407 (66.84) 13,324 (53.38)

Female 11,118 (31.75) 11,433 (45.81)

Unknown 492 (1.41) 202 (0.81)

Age, years 0 to 17 2921 (8.34) 1,058 (4.24)

18 to 44 15,526 (44.34) 9,954 (39.88)

45 to 64 5,885 (16.81) 5,797 (23.23)

65 to 74 1,642 (4.69) 1,357 (5.44)

≥ 75 1,018 (2.91) 782 (3.13)

Unknown 8,025 (22.92) 6,011 (24.08)

TTO, days Median days (IQR) 1 (1–1) 1 (1–1)

Mean (SD) 9.52 (62.68) 6.46 (44.78)

Outcomes Recovered 10,864 (31.02) 8,216 (32.92)

Not recovered 4,703 (13.43) 4,697 (18.82)

Fatal 741 (2.11) 119 (0.48)

Unknown 18,709 (53.43) 11,927 (47.79)

Single drug suspected 35,017 (100.00) 24,959 (100.00)

Table 1.  Baseline characteristics of reports on drug-associated myocarditis and pericarditis diseases adverse 
events. Abbreviations: IQR, interquartile range; SD, standard deviation; TTO, time to onset.
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pericarditis. Cumulative reports indicated a steady rise in both carditis, with a sharp increase in 2021 following 
the introduction of COVID-19 vaccines. In both conditions, the COVID-19 mRNA vaccine accounted for the 
largest proportion of reports, with 76.16% for myocarditis and 88.15% for pericarditis. Among these drugs, 
all nine drugs except metronidazole showed a significant signal detection with myocarditis, while all ten 
drugs showed significant signal detection with pericarditis. Among them, three monoclonal antibody drugs 
(ipilimumab, nivolumab, and pembrolizumab) were linked to nearly 20% of fatal outcomes in myocarditis, 
while only sulfasalazine exceeded a 10% fatality rate in pericarditis. Additionally, in the myocarditis reports, the 
monoclonal antibody drugs (ipilimumab, nivolumab, and pembrolizumab) showed a higher rate of concurrent 
muscular system disorders. In contrast, in the pericarditis reports, three vaccines (smallpox, influenza, and 
COVID-19 mRNA vaccine) showed a higher rate of concurrent neurologic disorders.

Plausible underlying mechanisms
Building on previous studies that established a significant signal detection between COVID-19 vaccines and 
both types of carditis, this study also found the COVID-19 mRNA vaccine to be the most frequently reported 
drug for myocarditis and pericarditis16. Due to its mechanism, the COVID-19 mRNA vaccine may act as an 
external antigen17. This effect can be explained by molecular mimicry, as the spike protein of SARS-CoV-2, 
which is the target of COVID-19 vaccines, shares structural similarities with cardiac proteins such as myosin 
heavy chain or troponin C1. This similarity may lead to cross-reactivity and inflammation in the heart muscle18. 
Additionally, since SARS-CoV-2 can directly infect cardiac cells through the angiotensin-converting enzyme 
2 receptor and cause cardiac injury, the immune response triggered against the spike protein after vaccination 
might indirectly imitate this process, leading to inflammation in the heart muscle or surrounding tissue19.

Furthermore, several issues related to COVID-19 mRNA vaccines may have influenced the results. First, 
myocarditis has been widely publicized as a potential adverse effect of COVID-19 mRNA vaccines, which may 
have led to stimulated reporting driven by heightened public awareness and extensive media coverage20. Second, 
the unprecedented scale of global vaccination campaigns resulted in a large number of individuals being exposed 
to these vaccines, naturally increasing the volume of reported events21. Third, it is important to acknowledge 
that SARS-CoV-2 infection itself is a recognized risk factor for myocarditis. In some cases, the reported events 
may have been attributable to concurrent or recent infection rather than the vaccine22. In our analysis, the high 

Fig. 2.  Proportion distribution of reports of myocarditis (A) and pericarditis (B) adverse events with different 
drugs.
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volume of reports associated with COVID-19 mRNA vaccines likely reflects both the widespread exposure and 
potential reporting bias, rather than an inherently stronger safety signal. This bias may also influence other 
aspects of the data. For instance, the median TTO for myocarditis was observed to be just 1 day—substantially 
shorter than what has been documented in clinical settings—which may suggest heightened vigilance and 
prompt reporting among vaccine recipients. Furthermore, we could not completely exclude the possibility of 
coexisting or recent SARS-CoV-2 infection in these cases, which limits the ability to attribute causality solely to 
the vaccine.

Clinical and policy implications
Policy frameworks should incorporate comprehensive risk-benefit analyses, especially for populations identified 
as having a higher risk of vaccine-associated myocarditis and pericarditis, such as young males17,23. Tailoring 
vaccination schedules, including dosing intervals and vaccine type considerations, may optimize safety profiles. 
For instance, extending the interval between doses has been associated with a reduced risk of myocarditis24.

Especially, in the case of the observed higher signal detection between COVID-19 mRNA vaccines and 
increased reports of myocarditis and pericarditis, it suggests a nuanced approach to vaccination strategies. 

Fig. 3.  Analysis of subgroups based on IC025(A) and ROR (B) values in drug-associated myocarditis adverse 
events disproportionality.
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Although these adverse events warrant careful attention, the benefits of vaccination in preventing severe 
COVID-19 outcomes remain significant25.

For clinicians, these findings suggest the need for heightened awareness of potential cardiac adverse events 
following vaccination or drug administration, especially in at-risk populations26. Furthermore, early detection 
and appropriate treatment are crucial to mitigate complications associated with these conditions27.

Strengths and limitations
Although this study included several strengths, it also has limitations, primarily due to the nature of the database. 
Our database relies on spontaneous reporting, meaning not all adverse events are captured, which may lead to 
inconsistencies in case definitions. Since standardized diagnostic criteria are not mandatory in such reports, 
some reports may be misclassified or may reflect conditions other than myocarditis or pericarditis. Furthermore, 
some reports may be either underreported or overreported, depending on factors such as public awareness, 
media attention, and clinical suspicion28. For instance, the low proportion of fatal outcomes could be influenced 

Fig. 4.  Analysis of subgroups based on IC025(A) and ROR (B) values in drug-associated pericarditis adverse 
events disproportionality.
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by underreporting, as these reports may be less frequently documented. In addition, unlike electronic medical 
records, which provide systematically recorded clinical timelines, pharmacovigilance data rely on spontaneous 
self-reporting. As a result, the accuracy of TTO may be compromised due to recall bias or incomplete information, 
potentially affecting the interpretation of TTO-related findings in our study. This likely reflects a tendency to 
report events occurring soon after drug exposure. However, the large scale of the dataset provides valuable 
insights into global trends and rare adverse events that smaller studies may not detect29. In this context, despite 
the potential for underreporting, the patterns observed in the global pharmacovigilance database offer a strong 
foundation for further investigation into drug-associated myocarditis and pericarditis. Second, this study did 
not include variables such as concomitant medications and underlying health conditions, which could influence 
the occurrence of adverse events30. Although this limitation may introduce potential biases, the large and diverse 
dataset, combined with suitable statistical adjustments, helps to mitigate these effects. Third, establishing a direct 
causal link between medications and adverse carditis events is challenging due to the observational nature of 
the data and the lack of detailed clinical information31. Furthermore, the term “associated with” is employed 
to reflect observed trends within the database and is not intended to suggest a confirmed causal relationship. 
Fourth, there is a clinical overlap between myocarditis and pericarditis, as myocarditis can occasionally occur as 
a complication of pericarditis. To clearly distinguish the two conditions, we used the MedDRA system, a widely 
accepted and standardized medical terminology framework. To ensure diagnostic specificity, reports coded as 
perimyocarditis, which represent overlapping features of both conditions, were excluded from our analysis. 
Nonetheless, the use of MedDRA terms may introduce diagnostic misclassification, as these codes rely on the 
spontaneous report of the reporter rather than clinically validated diagnoses. This should be considered when 
interpreting disease-specific findings. Although some diagnostic uncertainty may exist, particularly in fatal 
reports lacking histological confirmation, the predominance of reports submitted by healthcare professionals 
likely enhances the reliability of case classification. This should be considered when interpreting disease-specific 
findings. Last, we reported only the top 10 drugs reported for each condition. However, the absence of a drug 
from a condition’s top 10 list does not imply its lack of signal. For example, metronidazole appeared among 
the top 10 for myocarditis but may also have meaningful signal with pericarditis that were not captured due to 
ranking thresholds.

Conclusion
Although our findings did not allow for causal inference, this study is the first to identify the 10 most frequently 
reported drugs associated with myocarditis and pericarditis using the extensive, long-term pharmacovigilance 
data from the global pharmacovigilance database. The findings suggest a notable signal detection between 
several vaccine types (smallpox, influenza, and COVID-19 mRNA vaccine) and both forms of carditis. Notably, 
the COVID-19 mRNA vaccine had the highest number of reports, underscoring the imperative for heightened 
clinical vigilance in monitoring potential carditis manifestations following administration of these drugs. Future 
studies should build on these results by investigating the underlying mechanisms, exploring patient-specific risk 
factors, and examining the long-term outcomes for these drug-associated carditis events.

Data availability
Data are available on reasonable request. Study protocol, statistical code: available from DKY (email: yonkkang@
gmail.com). Data set: available from the Uppsala Monitoring Centre or World Health Organization through a 
data use agreement.
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