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Abstract

Background: Myocarditisis characterized by high disability and mortality, and imposes a severe burden on population health
globally. However, the latest global magnitude and secular trend of myocarditis burden have not been reported.

Objective: This study aimed to delineate the epidemiological characteristics of myocarditis burden globally for optimizing
targeted prevention and research.

Methods: Based on the Global Burden of Disease Study 2019, the myocarditis burden from 1990 to 2019 was modeled using
the Cause of Death Ensemble tool, DisMod-MR, and spatiotemporal Gaussian regression. We depicted the epidemiology and
trends of myocarditis by sex, age, year, region, and sociodemographic index (SDI). R program version 4.2.1 (R Project for
Statistical Computing) was applied for all statistical analyses, and a 2-sided P-value of <.05 was considered statistically significant.

Results. The number of incident cases (1,268,000) and deaths (32,450) associated with myocarditisin 2019 increased by over
1.6 times compared with the values in 1990 globally. On the other hand, the age-standardized incidence rate (ASIR) and
age-standardized mortality rate (ASMR) decreased dightly from 1990 to 2019. The disability-adjusted life years (DALY'S)
decreased slightly in the past 3 decades, whilethe age-standardized DALY rate (ASDR) decreased greatly from 18.29 per 100,000
person-yearsin 1990 to 12.81 per 100,000 person-yearsin 2019. High SDI regions always showed amore significant ASIR. The
ASIR dlightly decreased in al SDI regions between 1990 and 2019. Middle SDI regions had the highest ASMR and ASDR in
2019. Low SDI regions had the lowest ASMR and ASDR in 2019. The age-standardized rates (ASRs) of myocarditis were higher
among males than among females from 1990 to 2019 globally. All ASRs among both sexes had a downward trend, except for
the ASMR among males, which showed a stable trend, and females had a more significant decrease in the ASDR than males.
Senior citizens had high incident cases and deaths among both sexes in 2019. The peak numbers of DALY s for both sexes were
noted inthe under 1 age group in 2019. At the national level, the estimated annual percentage changesin the ASRs had significant
negative correlations with the baseline ASRs in 1990.

Conclusions; Globally, the number of incident cases and deaths associated with myocarditis have increased significantly. On
the other hand, the ASRs of myocarditis showed decreasing trends from 1990 to 2019. Males consistently showed higher ASRs
of myocarditis than females from 1990 to 2019 globally. Senior citizens gradually predominated in terms of myocarditis burden.
Policymakers should establish targeted control strategies based on gender, region, age, and SDI; strengthen aging-related health
research; and take notice of the changes in the epidemic characteristics of myocarditis.
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Introduction

Cardiovascular diseases can lead to high disability and mortality,
which impose severe burdens on population health globally
[1,2]. Among cardiovascular diseases, myocarditishasvariable
clinical presentations and outcomes, including chest pain with
uncomplicated clinical manifestations, new onset or worsening
heart failure, chronic dilated cardiomyopathy, and sudden death
[3]. Myocarditis caused up to 9% of sudden deaths among
cardiovascular events in athletes in the United States [4].
Moreover, 16% to 20% of cases of sudden infant desth
syndrome were documented to be associated with myocarditis
[5-7]. Globally, 46,490 desths were estimated to be due to
myocarditis in 2017 [8]. Myocarditis characterized by high
mortality represents an enormous public health burden.

Data for specific clinical settings are available to estimate the
burden of myocarditis. Data showed that 3% of cases of chest
pain in the emergency department were attributed to acute
myocarditis and pericarditis [9]. In a prospective registry of
northeastern Italy, autopsy studies showed a 12% incidence of
myocarditis among young people who died suddenly [10]. The
prevalence of myocarditis was reported to be 1.14% among
patients with advanced cancers after therapy with immune
checkpoint inhibitors (ICIs) [11]. The prevalence rate of
myocarditis in hospitalized patients infected with COVID-19
was reported to be 2.4 per 1000 patients, considering definite
or probable cases[12]. Hospital mortality wasfound to be much
higher among patients with myocarditis and COVID-19 than
among those with myocarditis but without COVID-19[13]. The
nationwide incidence of myocarditis in Israel due to the
BNT162b2 mRNA COVID-19 vaccine was 2.7 per 100,000
persons[14]. Inthelast 2 decades, the diagnosis of myocarditis
has become reasonably accurate among patients, including those
from low-risk populations, through the use of noninvasive
examinations, including high-sensitive troponin levels and
cardiac magnetic resonance imaging (CMRI) [15,16]. In the
United States, the incidence of myocarditis showed a gradual
increasefrom 95 (in 2005) to 144 (in 2014) per 1 million persons
[17]. Itis quite clear that many factors can influence the global
burden of myocarditis.

The Global Burden of Disease Study (GBD) 2019 is the most
recent data set for evaluating the epidemiological levels and
trends of 369 diseases along with 87 risk factors globally, and
it has incorporated new data sets and modeling strategies
compared with the GBD 2017 [18,19]. For example, the only
country-level covariate of myocarditis used for the GBD 2019
was the Healthcare Access and Quality Index on excess
mortality, which differs from the GBD 2017. Since the
evaluation of the global burden of myocarditis using datafrom
the GBD 2017, no comprehensive statistics on the global
epidemiological trend of myocarditis have been calculated [8].
Due to the inclusion of more raw data and the application of
more robust statistical methods in the GBD 2019, the results
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for myocarditis burden in the GBD 2019 differ dramatically
from those in the GBD 2017, indicating that new statistics and
analyses of the global burden of myocarditis need to be reported
timely to guide its prevention and control. This research
summarizes the latest epidemic characteristics of myocarditis,
including incidence, death, disability-adjusted life years
(DALYs), and changing trends by sex, age, and
sociodemographic index (SDI), in 204 countries and territories
from 1990 to 2019, using data from the GBD 2019. Our results
will help to optimize the niche-targeting prevention and
intervention of myocarditisthat rely on concrete characteristics
across the world.

Methods

Data Source

Previous studies have described the primary data explanations
and analytic approaches of the GBD 2019 in detail [18-20].
Researchers can extract the reproducible statistical codes and
analysisprocessonline[21]. We briefly introduce the estimation
methods specific to myocarditis. The Guidelines for Accurate
and Transparent Health Estimates Reporting (GATHER) were
followed to analyze the GBD database in every step (Report
Checklist) [22]. Myocarditiswas defined asaclinical diagnosis
for the GBD 2019 estimation [2,19]. The International
Classification of Diseases version 9 (ICD-9) and version 10
(ICD-10) codes were adopted to identify myocarditis. The
determination of myocarditis was based on the disease codes
422-422.9in1CD-9and B33.2, 140-141.9, and 151.4in ICD-10.
To assess the myocarditis burden, more than 250 primary data
sources were screened out according to the GBD inclusion
criteria. Themyocarditis burden from 1990 to 2019 was modeled
using the Cause of Death Ensemble tool, DisMod-MR, and
spatiotemporal Gaussian regression. Data were obtained from
the Ingtitute for Health Metrics and Evaluation to characterize
the global burden of myocarditis by sex and 5-year age group
acrosstheworld in the past 3 decades. According to the SDI (a
comprehensive index based on income per person, years of
education, and fertility), theworld isdivided into 5 SDI regions
(high, high-middle, middle, low-middle, and low) for assessing
the  myocarditis burden  acrossdifferent geographies.
Furthermore, 204 countries and territories were divided into 21
GBD regions, including Western Europe, Tropical Latin
America, and East Asia.

Ethical Considerations

The GBD 2019 is a publicly available database, and all data
were anonymous. Our study protocol was approved by the
Ingtitutional Review Board of Qilu Hospital of Shandong
University with approval number KY LL-202011(K S)-239.

Statistical Analysis

The burden of myocarditis was appraised based on the
age-standardized incidence rate (ASIR), age-standardized
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mortality rate (ASMR), and age-standardized DALY rate
(ASDR) by calendar year, sex, and region. The estimated annual
percentage change (EAPC) was determined based on a
regression calculation by fitting the natural logarithm of the
age-standardized rate (ASR) with the historical year to
characterize the long-term trend in the ASR of myocarditis
burden [23]. The calculation formulais as follows:

In (ASR) = a + 3 x historical year + € (1)

The EAPC can be used to depict the changing trends of the ASR
in a specific population and a certain time interval. The EAPC
and its 95% ClI are calculated using the following formula:

100 x (exp(B)-1) (2)

An increasing trend was recognized when the EAPC and the
minimum of the 95% CI were positive. On the contrary, a
decreasing trend was recognized when the EAPC and the
maximum of the 95% CI were negative. Otherwise, the trend
of the ASR was considered to be stable. The Spearman rank
correlation with p coefficient was used to estimate the influence
of the baseline ASR in 1990 and the SDI in 2019 all over the
world on the EAPC in myocarditis burden. R program version
4.2.1 (R Project for Statistical Computing) was used for all
statistical analyses, and a2-sided P-value of <.05 was considered
statistically significant.
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Results

Global Burden and Temporal Trend of Myocar ditis

Across the world, the number of incident cases of myocarditis
increased from 780,400 (95% uncertainty interval [Ul]
620,600-951,200) in 1990 to 1,265800 (95% Ul
1,021,700-1,531,500) in 2019, with an increase of 62.20%. On
the other hand, the ASIR decreased dlightly from 16.74 (95%
Ul 13.46-20.34) to 16.00 (95% Ul 13.01-19.28) per 100,000
person-years over the 3 decades, with an EAPC of —0.23 (95%
Cl -0.26 to —0.21) (Table 1; Figure 1). Simultaneously, the
number of worldwide deaths caused by myocarditis increased
from 19,620 (95% Ul 15,690-26,770) in 1990 to 32,450 (95%
Ul 23,160-37,090) in 2019, with an increase of 65.39%. On the
other hand, the ASMR decreased marginally from 0.46 (95%
Ul 0.38-0.60) to 0.43 (95% Ul 0.31-0.50) per 100,000
person-years over the 3 decades, with an EAPC of —0.09 (95%
Cl -0.39 to 0.21) (Table 2; Figure 1). Globally, the DALY's
decreased slightly. However, the ASDR decreased greatly from
18.29 (95% Ul 13.81-27.58) per 100,000 person-yearsin 1990
to 12.81 (95% Ul 10.53-14.72) per 100,000 person-years in
2019, with an EAPC of -1.19 (95% Cl -1.33 to —1.04) (Table
3; Figure 1).
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Table 1. Incidence and age-standardized incidence rate of myocarditisin 1990 and 2019, and the estimated annual percentage change from 1990 to

2019.
EAPCRinthe ASIRP
from 1990 to 2019,
Characteristic 1990 2019 value (95% Cl)
ASIR/100,000 (95%  |ncident casesx10* ASIR/100,000 (95% Incident casesx10*
Ul (95% UI) un) (95% UI)
Global 16.74 (134610 20.34)  78.04 (62.06t095.12)  16.00 (13.01t019.28) 126.58 (102.17 to -0.23(-0.26 to
153.15) -0.21)
Male 20.06 (16.21t0 24.31)  45.55(36.39t055.72)  19.06 (15.51t022.89) 72.79 (58.52t087.92) -0.25(-0.27 to
-0.22)
Female 13.66 (11.04t0 16.67) 32.49(25.87t039.72) 13.10(10.62t015.84) 53.79 (43.56t065.14) -0.23(-0.27t0
-0.20)
SDI9% regi
region
High 18.72 (15.07t022.80) 17.26 (13.85t021.06) 17.75(14.71t021.22) 24.54(20.01t029.83) -0.41(-0.49t0
-0.34)
High-middle 16.58 (13.321020.18) 18.29 (14.53t022.28) 16.01 (12.94t019.34) 26.96 (21.58t032.81) -0.16 (-0.181t0
-0.14)
Middle 16.39 (13.25t019.96) 22.98(18.20t028.36) 15.79 (12.79t019.10) 37.90 (30.26 t0 46.21) -0.16 (-0.17t0
-0.14)
Low-middle 15.93(12.90t019.29) 13.71(10.95t016.81) 1568 (12.73t018.97) 24.52(19.55t029.85) -0.06 (-0.07to
-0.06)
Low 15.35(12.43t0 18.68)  5.77 (4.60t0 7.12) 15.29 (12.38t018.59)  12.60 (10.01t0 15.55) —0.02 (-0.02to0
-0.01)
GBD®region
High-income Asia  20.66 (16.78t024.99)  3.76 (3.02 to 4.58) 20.07 (16.38t0 24.09)  5.48 (4.34 10 6.76) -0.20 (-0.24 to
Pacific -0.16)
High-income 19.91 (16.01t024.29)  6.36 (5.08 t0 7.78) 18.21 (15.37t0 21.45)  8.78(7.3310 10.35) -0.83(-1.01to
North America -0.65)
Western Europe  17.56 (14.19t021.33)  8.14 (6.55 to0 9.93) 17.47 (14.21t021.14)  10.95 (8.74 to 13.5) -0.06 (-0.09 to
-0.03)
Australasia 16.51 (13.25t019.98)  0.36 (0.29 to 0.44) 16.45 (13.31t019.83)  0.62 (0.50 to 0.75) -0.02 (-0.04 to
-0.01)
Southern Latin 15.34 (12.43t018.64)  0.72 (0.58 to 0.88) 15.36 (12.45t0 18.66)  1.16 (0.94 to 1.41) 0.01 (0.00 to 0.02)
America
Andean Latin 14.05(11.38t0 17.11)  0.40 (0.32 to 0.49) 14.07 (11.41t017.10)  0.84 (0.68 t0 1.02) 0.01 (0.00 to 0.02)
America
Tropical Latin 15.76 (12.72t019.19)  1.90 (1.52 to 2.33) 15.72 (12.681019.15)  3.68 (2.97 to 4.49) -0.01 (-0.01 to
America -0.01)
Central Latin 15.06 (12.18t018.32)  1.84 (1.48t0 2.26) 14.97 (12.11t018.20) 3.64 (2.94 to 4.44) -0.02 (-0.02to
America -0.02)
Caribbean 14.21 (11.50t017.19)  0.43 (0.35t0 0.52) 14.19 (11.481t017.16)  0.70 (0.57 to 0.86) 0.00 (0.00 to 0.00)
Eastern Europe  17.64 (14.191t021.42) 4.27 (3.40t05.19) 17.74 (14.281021.53)  4.61 (3.67 t0 5.63) 0.02 (0.01 t0 0.02)
Central Europe 16.30 (13.13t019.83)  2.11 (1.68 to 2.58) 16.48 (13.271020.05)  2.46 (1.96 to 3.02) 0.00 (-0.04 to 0.03)
Central Asia 14.84 (11.86t0 17.95)  0.88 (0.70t0 1.07) 14.87 (11.88t017.98)  1.25(0.99 to 1.53) 0.01 (0.01 t0 0.01)
North Africaand ~ 12.01 (9.68t014.61)  3.14 (2.46 to 3.91) 12.05(9.72t014.66)  6.41 (5.07 to 7.91) 0.02 (0.02 to 0.02)
Middle East
South Asia 16.28 (13.20t019.69) 13.40 (10.6t016.52)  16.18(13.12t019.58) 26.00 (20.69t031.77) -0.02 (-0.02t0
-0.02)
Southeast Asia 15.14 (12.27t018.41)  5.71 (4.54 0 7.03) 15.14 (12.26 10 18.38)  9.64 (7.65t0 11.76) 0.00 (-0.01 to 0.00)
East Asia 17.92 (14471t021.97) 19.2(15.15t023.81) 16.86(13.73t020.36) 28.35(229t034.67) -0.28(-0.32t0
-0.23)
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EAPC?inthe ASIR?

from 1990 to 2019,
Characteristic 1990 2019 value (95% ClI)
ASIR/100,000 (95%  |ncident casesx10®  ASIR/100,000 (95%  Incident casesx10*
Ul (95% UI) ul) (95% UI)
Oceania 15.30(12.32t0 18.49)  0.08 (0.06 to 0.09) 1530 (12.31t0 18.50)  0.16 (0.13 to 0.20) 0.00 (0.00 to 0.00)
Western Sub-Sahar  15.48 (12.54t0 18.87)  2.14 (1710 2.63) 15.37 (12.45t018.71)  4.99 (3.96 t0 6.15) -0.03 (-0.03 to
ran Africa -0.02)
Eastern Sub-Saha-  15.26 (12.331018.61)  2.00 (1.58 t0 2.47) 15.25(12.32t0 18.59)  4.43 (3.50 t0 5.48) -0.01 (-0.01to
ran Africa -0.01)
Central Sub-Saha-  14.59 (11.72t0 17.82)  0.56 (0.44 t0 0.69) 1452 (11.67t0 17.70)  1.35 (106 to 1.67) -0.02 (-0.02to
ran Africa -0.01)
SouthernSub-Sahar 15.72 (12.72t0 19.06)  0.63 (0.51t0 0.78) 15.73(12.72t019.08)  1.07 (0.85to 1.31) 0.00 (0.00t0 0.01)
ran Africa

3EAPC: estimated annual percentage change.
PASIR: age-standardized incidence rate.

UI: uncertainty interval.

d3DI: soci odemographic index.
€GBD: Global Burden of Disease Study.

JMIR Public Health Surveill 2024 | vol. 10 | e46635 | p. 5
(page number not for citation purposes)

https://publichealth.jmir.org/2024/1/e46635

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Kong et a

Figure 1. Absolute counts and age-standardized rates of the global myocarditis burden by sex/SDI region from 1990 to 2019. (A) Incidence; (B)
Mortality; (C) DALYs. ASDR: age-standardized DALY rate; ASIR: age-standardized incidence rate; ASMR: age-standardized mortality rate; DALY's:

disability-adjusted life years; SDI: sociodemographic index.
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Table 2. Deaths and age-standardized mortality rate of myocarditisin 1990 and 2019, and the estimated annual percentage change from 1990 to 2019.

EAPC?in the
ASMRP from 1990
to 2019, value (95%

Characteristic 1990 2019 Cl)
ASMR/100,000 (95% ASMR/100,000 (95%
uI9 Deathsx10° (95% Ul)  UI) Deathsx10° (95% UI)
Global 0.46 (0.38 to 0.60) 19.62 (15.69t0 26.77)  0.43(0.31to 0.50) 32.45(23.16t037.09) -0.09 (-0.39to
0.21)
Male 0.50 (0.41to 0.67) 10.18(8.02t014.38)  0.48 (0.32t0 0.57) 16.53 (11.21t0 19.24)  0.07 (-0.19t0 0.34)
Female 0.42 (0.30t0 0.59) 9.44 (6.40 to 14.25) 0.38 (0.25t0 0.45) 15.92 (10.49t019.09) -0.26 (-0.59 to
0.08)
d .
SDI™ region
High 0.26 (0.21t0 0.33) 2.32(1.87102.93) 0.27 (0.21t0 0.31) 4.26 (3.13t04.92) 0.12 (-0.13t0 0.37)
High-middle 0.59 (0.45t0 0.74) 5.50 (4.36 t0 7.15) 0.56 (0.40 to 0.65) 9.82 (7.06 to 11.47) -0.06 (-0.64 to
0.52)
Middle 0.67 (0.54t0 0.94) 7.80(6.16t0 11.9) 0.59 (0.35t00.72) 11.64(7.38t013.95)  -0.07 (-0.31to
0.16)
Low-middle 0.39 (0.28t0 0.47) 2.85(1.69t0 3.93) 0.41 (0.24 to 0.50) 5.06 (3.211t0 6.02) 0.48 (0.231t0 0.73)
Low 0.31 (0.21to 0.44) 1.14 (0.57 to 1.91) 0.24 (0.15t0 0.37) 1.66 (1.18 to 2.46) -0.97 (-1.06 to
-0.89)
GBD®region
High-income Asia 0.33 (0.22t0 0.38) 0.53 (0.38t0 0.60) 0.21 (0.16 t0 0.25) 0.78 (0.44 10 1.03) -1.76 (-1.86 to
Pacific -1.65)
High-income 0.17 (0.14t0 0.25) 0.48 (0.40t0 0.73) 0.26 (0.18 t0 0.30) 1.11(0.73t0 1.30) 1.76 (1.18t0 2.35)
North America
Western Europe 0.25(0.18t00.32) 1.20 (0.85t0 1.54) 0.34 (0.19t0 0.43) 3.33 (1.68 to 4.50) 1.63(0.66 to 2.61)
Australasia 0.36 (0.3t00.48) 0.07 (0.06 t0 0.10) 0.30 (0.25t0 0.42) 0.12 (0.10t0 0.16) -0.91(-1.4to
-0.41)
Southern Latin 0.28 (0.19t0 0.35) 0.12 (0.09 t0 0.15) 0.24 (0.19t0 0.32) 0.19 (0.15t0 0.25) -0.64 (-0.76 to
America -0.51)
Andean Latin 0.27 (0.15t0 0.37) 0.06 (0.03 t0 0.09) 0.12 (0.09 to 0.16) 0.07 (0.05 to 0.09) -3.09 (-3.29to
America -2.88)
Tropica Latin 0.28 (0.23t0 0.41) 0.31 (0.24 t0 0.44) 0.30 (0.25 to 0.46) 0.67 (0.54t0 1.01) 0.14 (-0.23t0 0.51)
America
Central Latin 0.12 (0.09t0 0.13) 0.14 (0.11t0 0.17) 0.14 (0.09t0 0.17) 0.32 (0.22 t0 0.40) 0.43(0.30t0 0.57)
America
Caribbean 0.38 (0.24 t0 0.66) 0.12 (0.07 to 0.24) 0.36 (0.24 to 0.56) 0.17 (0.12t0 0.25) -0.13(-0.21to
-0.05)
Eastern Europe 0.41 (0.24 10 0.53) 0.85 (0.55t0 1.06) 0.53(0.33t0 0.67) 1.56 (0.89 to 2.05) 0.70 (0.56 t0 0.83)
Central Europe 1.05(0.69t0 1.34) 1.24 (0.79 to 1.58) 1.12(0.80t0 1.36) 2.25 (1.59 t0 2.76) -0.69 (-1.14 to
-0.24)
Central Asia 0.47 (0.3810 0.64) 0.25(0.21t00.35) 0.78 (0.61t0 1.11) 0.62 (0.48 10 0.95) 2.55(1.751t0 3.35)
North Africaand  0.52 (0.34t0 0.85) 1.60 (0.94t0 3.31) 0.36 (0.26 to 0.65) 1.72 (1.23t0 3.05) -1.19(-1.24to
Middle East -1.15)
South Asia 0.24 (0.16 t0 0.33) 1.38(0.97t0 1.82) 0.21 (0.15t0 0.29) 2.83(2.0410 3.80) -0.41(-0.48to
-0.34)
Southeast Asia 0.42 (0.281t0 0.53) 1.22 (0.8410 1.88) 0.36 (0.23t0 0.44) 1.82 (1.26 t0 2.36) -0.56 (-0.75to
-0.36)
East Asia 1.07 (0.81to 1.68) 8.90 (7.10to 13.44) 0.90 (0.53t01.11) 13.5(7.91t0 16.74) -0.16 (-0.50 to
0.19)
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EAPC?in the
ASMRP from 1990
to 2019, value (95%

Characteristic 1990 2019 Cl)
ASMR/100,000 (95% ASMR/100,000 (95%
uI9 Deathsx10° (95% Ul)  UI) Deathsx10° (95% UI)
Oceania 0.30 (0.17 to 0.44) 0.02 (0.01 to 0.03) 0.33(0.18 to 0.50) 0.04 (0.02 t0 0.07) 0.56 (0.47 to 0.64)
Western Sub-Saha-  0.41 (0.17 to 0.70) 0.34(0.15 to 0.55) 0.24(0.17 t0 0.31) 0.55 (0.38t0 0.74) -2.32(-2.5810
ran Africa -2.06)
Eastern Sub-Saha-  0.24 (0.11 to 0.37) 0.51 (0.20 to 0.96) 0.14 (0.05t0 0.33) 0.47 (0.19 to 0.90) -1.89 (-2.02to
ran Africa -1.75)
Central Sub-Ssha-  0.35 (0.21 to 0.53) 0.15 (0.06 to 0.36) 0.24 (0.08 to 0.50) 0.19 (0.09 to 0.37) -1.33(-1.40to0
ran Africa -1.27)
Southern Sub-Saha=  0.30 (0.20 to 0.38) 0.12 (0.07 t0 0.17) 0.22(0.16 t0 0.33) 0.14(0.10t0 0.21) -1.45 (-1.66 to
ran Africa -1.24)

8EAPC: estimated annual percentage change.
PASMR: age-standardized mortality rate.

CUI: uncertainty interval.

dsp: sociodemographic index.
€GBD: Global Burden of Disease Studly.
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Table3. Disability-adjusted lifeyears (DALY s) and age-standardized DALY rate of myocarditisin 1990 and 2019, and the estimated annual percentage

change from 1990 to 2019.
EAPC?inthe AS-
DRP from 1990 to
2019, value (95%
Characteristic 1990 2019 cl)
ASDR/100,000 (95% ASDR/100,000 (95%
U9 DALY sx10%(95%UI)  UI) DALY sx10% (95% UI)
Glaobal 18.29 (13.81t027.58) 98.14 (70.70to0 157.9) 12.81(10.53t014.72) 97.72(80.38t0112.68) -1.19(-1.33t0
-1.04)
Male 20.14 (154710 29.74) 53.83(39.73t084.54) 15.21(11.441018.35) 57.03(43.10t069.38) -0.91(-1.04to0
-0.78)
Female 16.39 (10410 27.86)  44.31(26.84t1079.85) 10.39(8.15t012.51)  40.69 (31.49t048.57) -1.54(-1.71t0
-1.36)
SDI€region
High 11.97 (10.52t0 15.53) 9.53(8.37 t0 12.29) 11.63 (9.24t0 12.97) 12.47 (9.76 to 14.00) -0.05(-0.32to
0.23)
High-middle 21.17 (17.74t029.91) 2252 (18.89t032.25) 15.39(12.24t018.54) 23.62(18.89t028.37) -1.12(-1.36t0
-0.87)
Middle 2558 (19.32t041.28) 4259 (30.42t0 74.27) 15.81(12.12t019.05) 34.62(26.93t042.53) -1.52(-1.66t0
-1.39)
Low-middle 14.05 (8.24 t0 19.74) 16.07 (7.82 t0 26.8) 11.51 (8.27 t0 13.44) 17.90 (13.17t021.06) -0.60 (-0.77 to
-0.42)
Low 12.08 (6.69 to 18.73) 7.38 (2.70 to 14.98) 8.78 (6.37 t0 12.81) 9.06 (6.48 to 12.81) -1.10(-1.19to
-1.02)
GBD' region
High-income Asia 14.81(12.35t018.98) 2.34 (2.00 to 3.05) 9.54 (8.26 to 12.05) 1.94 (1.5310 2.27) -1.76 (-1.87to
Pacific -1.65)
High-income 11.02 (9.18t015.42) 2.94(2.44t04.13) 14.60 (10.721t0 16.65) 4.93 (3.57 t0 5.67) 1.28(0.78t0 1.79)
North America
Western Europe 8.40 (6.42 to 11.05) 3.40 (2.63t0 4.41) 8.74 (5.71t0 10.29) 5.47 (3.40 t0 6.65) 0.31 (-0.18 t0 0.80)
Australasia 18.11 (15.31t024.14)  0.36 (0.31t0 0.48) 1334 (11.1t018.06)  0.42 (0.35t0 0.58) -1.29 (-1.71to
-0.87)
Southern Latin 11.36 (8.69t014.82)  0.55(0.42t0 0.73) 7.91 (6.47 t0 10.93) 0.55 (0.45 t0 0.74) -1.47 (-1.55to
America -1.38)
Andean Latin 7.98 (4.06 t0 11.17) 0.27 (0.12 t0 0.42) 3.49 (2.62 to 4.65) 0.21 (0.16 t0 0.28) -3.16 (-3.36 t0
America -2.96)
Tropical Latin 12.35(9.06t017.42)  1.87 (1.32t0 2.64) 11.02 (8.831016.26)  2.26 (1.84t0 3.33) -0.40 (-0.65 to
America -0.14)
Central Latin 4.89 (3.7910 5.92) 0.84 (0.64 to 1.05) 5.25 (3.92t0 6.77) 1.25 (0.95 to 1.61) 0.21 (0.07 to 0.34)
America
Caribbean 18.76 (9.05t045.08)  0.70 (0.31t0 1.82) 17.09 (9.31t03357)  0.76 (0.44 to 1.43) -0.16 (-0.27 to
-0.05)
Eastern Europe  11.3(9.31t0 16.17) 2.51 (2.03t0 3.75) 16.52 (12.98t022.05)  4.05 (3.00 to 5.09) 0.93(0.76 t0 1.10)
Central Europe  27.56 (18.86t033.05)  3.30 (2.27 to 4.00) 25.68 (17.61t031.76)  4.28 (2.86t0 5.38) -0.83(-1.10to
-0.57)
Central Asia 17.71(14.63t024.7)  1.09 (0.91 to 1.49) 26.7 (2054t041.35)  2.43(1.83t03.87) 2.05 (129 to 2.82)
North Africaand 2572 (15.08t054.1)  10.98 (5.78t026.03)  15.28 (10.67t027.02) 8.70 (5.99 to 15.50) -1.64 (-1.70to
Middle East -1.57)
South Asia 7.16 (5.05 t0 9.45) 6.64 (4.10t0 9.52) 6.64 (5.18 t0 8.62) 10.84(8.53t014.01)  -0.27 (-0.32to0
-0.23)
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EAPC?inthe AS-

DRP from 1990 to
2019, value (95%

Characteristic 1990 2019 Cl)
ASDR/100,000 (95% ASDR/100,000 (95%
Ui DALYsx10* (95%UIl) UI) DALY sx10% (95% UI)
Southeast Asia 1457 (9.79t025.00)  6.32(3.76 t0 13.05) 10.58 (8.19t0 15.14)  6.36 (4.88 t0 9.60) -1.10(-1.29to
-0.92)
East Asia 41.66 (31.81t0 66.61) 46.68 (34.49t076.35) 25.17 (16.671t029.43) 35.17 (22.47t041.52) -1.57 (-1.87to
-1.26)
Oceania 15.75(7.73t026.27)  0.12(0.05t0 0.22) 17.74(8.38t029.45)  0.27 (0.12t0 0.47) 0.60 (0.50t0 0.70)
Western Sub-Saha-  10.69 (5.12t016.89)  1.64 (0.66 to 2.84) 7.59 (5.4810 9.94) 2.90 (1.95t0 4.16) -1.44 (-1.63to
ran Africa -1.24)
Eastern Sub-Saha-  14.14 (6.39t024.17)  3.90(1.19t0 8.13) 7.47 (3.3410 14.01) 3.21(1.44105.62) -2.19 (-2.32to
ran Africa -2.07)
Central Sub-Saha- 15.22 (6.86t031.79)  1.01 (0.26 to 2.88) 9.20 (4.57 t0 17.6) 1.03 (0.56 to 2.00) -1.85(-1.91to
ran Africa -1.78)
Southern Sub-Seha-  12.81 (7.84t019.51)  0.66 (0.36 to 1.14) 9.18 (6.84 to 13.08) 0.69 (0.51t0 0.99) -1.26 (-1.38t0
ran Africa -1.13)

8EAPC: estimated annual percentage change.

BASDR: age-standardized disability-adjusted life year rate.
CUI: uncertainty interval.

dDALY's: disability-adjusted life years.

€SDI: sociodemographic index.

fGBD: Global Burden of Disease Study.

Variation in the Myocar ditis Burden at Regional and
National Levels

The ASIR of myocarditis was always the highest in high and
high-middle SDI regions from 1990 to 2019: 18.72 and 16.58
per 100,000 person-years in 1990, and 17.75 and 16.01 per
100,000 person-yearsin 2019, respectively (Table 1). Low SDI
regions had thelowest ASIR of 15.29 per 100,000 person-years
in2019. The ASIR dightly decreased in all SDI regions between
1990 and 2019 (Table 1). The leading ASMR in 2019 was
observed in middle SDI regions at 0.59/100,000, and
high-middle SDI regions ranked second at 0.56/100,000. Low
SDI regions had the lowest ASMR of 0.24/100,000 in 2019.
The largest increase in the ASMR was observed in low-middle
SDI regions, followed by high SDI regions. On the other hand,
the other 3 regions presented downward trends in the ASMR
(lowest EAPC of -0.97 in low SDI regions) (Table 2). The
highest ASDR in 2019 was observed in middle SDI regions,
and the lowest was observed in low SDI regions. The ASDRs
in5 SDI regionsall dropped from 1990 to 2019, with the highest
decrease in middle SDI regions (EAPC=-1.52) (Table 3).

With respect to 21 GBD regions, high-income Asia Pacific,
high-income North America, and Eastern Europe were the top
3 regions with the highest ASIRs in 2019 (range from
17.74/100,000 to 20.07/100,000). On the contrary, the North
Africaand Middle East, Andean Latin America, and Caribbean
GBD regions had the lowest ASIRs in 2019 (range from
12.05/100,000 to 14.19/100,000) (Table 1). The ASIR of
myocarditis changed slightly or remained stable acrossall GBD
regions from 1990 to 2019 (Table 1). Thelargest 3increasesin

https://publichealth.jmir.org/2024/1/e46635

the ASMR were observed in Central Asia, high-income North
America, and Western Europe. On the contrary, the largest 3
decreases in the ASMR were observed in Andean Latin
America, Western Sub-Saharan Africa, and Eastern Sub-Saharan
Africa (Table 2). The changing trends in the ASMR were
different across al GBD regions (Table 2). The highest 3
ASDRsin 2019 appeared in Central Asia, Central Europe, and
East Asia(rangefrom 25.17 to 26.70 per 100,000 person-years).
On the contrary, the lowest 3 ASDRs in 2019 appeared in
Andean Latin America, Central Latin America, and South Asia
(range from 3.49 to 6.64 per 100,000 person-years) (Table 3).
There were significant regional differences in the trends of
ASDRs across al the GBD regions, with the most obvious
increasein Central Asia (EAPC=2.05) and the largest decrease
in Andean Latin America (EAPC=-3.16) (Table 3).

In 2019, there were 3 countries with an ASIR exceeding
20/100,000, including Austria, Japan, and Sweden, while
L ebanon had thelowest ASIR (Multimedia Appendix 1; Figure
2). The difference in the ASMR of myocarditis was nearly 60
times across the world in 2019, with Romania showing the
highest value (3.32/100,000) and Tajikistan showing the lowest
value (0.05/100,000) (Multimedia Appendix 1; Figure 3).
Similarly, thedifferencein the ASDR of myocarditiswas nearly
30 times across the world in 2019, with Romania showing the
highest value and Tagjikistan showing the lowest value
(Multimedia Appendix 1; Figure 3). From 1990 to 2019, 100
out of 204 countries and territories showed arising ASIR. The
largest annual increment in the ASIR was noted in Qatar, with
an EAPC of 0.13. On the contrary, the fastest decline in the
ASIR was noted in the United States, with an EAPC of -0.93
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(Multimedia Appendix 2; Figure 2). The EAPC in the ASMR
was the highest in Kazakhstan (EAPC=9.93) and the lowest in
Ghana (EAPC=-4.94) from 1990 to 2019 (Multimedia A ppendix
2; Figure 3). The EAPC in the ASDR was the highest in

Kazakhstan (EAPC=8.70) and the

lowest

Kong et a

in Serbia

(EAPC=-4.70) from 1990 to 2019 (Multimedia Appendix 2;

Figure 3).

Figure 2. Maps of the global incidence and temporal trends of myocarditisin 204 countries and territories. (A) ASIR of myocarditis around the world

in 2019; (B) EAPC in the ASIR from 1990 to 2019. ASIR: age-standardized incidence rate; EAPC: estimated annual percentage change.
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Figure3. Mapsof the globa mortality and DALY saong with temporal trends of myocarditisin 204 countriesand territories. (A) ASMR of myocarditis
around the world in 2019; (B) EAPC in the ASMR from 1990 to 2019; (C) ASDR of myocarditis around the world in 2019; (D) EAPC in the ASDR
from 1990 to 2019. ASDR: age-standardized DALY rate; ASMR: age-standardized mortality rate; DALY's. disability-adjusted life years;, EAPC:
estimated annual percentage change.
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and 5-Year Age Groups which showed astabletrend (EAPC=0.07) (Table 2). Markedly,
From 1990 to 2019, the ASIR of myocarditis among menwas thedecreasein the ASDR from 1990 to 2019 was greater among
higher than that among women (19.06/100,000vs 13.01/100,000 females (EAPC=-1.54) than among males (EAPC=-0.91) at
in 2019) (Table 1). Similar to the finding of the ASIR, the theglobal level (Table 3).

ASMR and ASDR of myocarditiswere higher among men than
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In 2019, the incident cases displayed a bimodal distribution
with age and peaked the highest in the 65-69 age group. A
relatively lower peak was shown in the 30-34 age group with
incident cases (Figure 4). The number of deaths peaked in the
80-84 age group among males and in the 85-89 age group among

Kong et a

females. The under 1 age group among both sexes had the
largest number of deaths younger than 20 years (Figure 4). The
number of DALY s in 2019 peaked in the under 1 age group
among both sexes (Figure 4).

Figure 4. Age-standardized counts and rates of the myocarditis burden by sex/SDI region in 2019. (A) Incidence; (B) Mortality; (C) DALYs. DALYs:

disability-adjusted life years, SDI: sociodemographic index.
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Theincidence and mortality rates per 100,000 person-years all
showed approximately increasing trends with age among both
sexes in 2019 (Figure 4). The DALY rate per 100,000
person-years showed a decreasing trend before the 10-14 age
group and an increasing trend after the 10-14 age group with
age among both sexes (Figure 4). Over the past 3 decades, the
ASIRs among males and females were decreasing over al ages
(EAPC<0) (Multimedia Appendix 3). From 1990 to 2019, the
population older than 69 years among both sexes showed
increasing trendsin the ASMR and ASDR with age (EAPC>0)
(Multimedia Appendix 3).

From 1990 to 2019, al SDI regions showed an increasing
tendency in the absolute incident cases among the population
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over 30 yearsold (Multimedia Appendix 4). On the other hand,
the ASIR showed adecreasing trend in high SDI regionsamong
the population over 50 years old. Over the past 30 years, the
ASIR inthe other 4 SDI regions changed slightly across all age
groups (Multimedia Appendix 4). Deathswere obvioudly rising
in 5 SDI regions among the residents over 40 years old,
especialy in high-middle and middle SDI regions. Conversely,
the number of deaths was decreasing in all SDI regions among
the residents younger than 4 years, especially in high-middle,
middle, and low-middle SDI regions (MultimediaAppendix 5).
From 1990 to 2019, the ASMR in all SDI regions was steadily
rising across all age groups over 85 years, except in low SDI
regions where there was a decrease (Multimedia Appendix 5).

JMIR Public Health Surveill 2024 | vol. 10 | e46635 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

The number of DALY swasdecreasingin all SDI regionsamong
the population younger than 14 years, especially in high-middle,
middle, and low-middle SDI regions (MultimediaAppendix 6).
The ASDR showed a similar trend as the ASMR in 5 SDI
regions across all age groups over 85 years. The ASDR was
obvioudly decreasingin theunder 1 agegroupinal SDI regions
over the past 30 years (Multimedia Appendix 6).

The EAPCs in myocarditis ASIRs varied largely among age
groupsinthe5 SDI regions during the past 30 years. The highest
EAPC inthe ASIR in high SDI regions was noted between the
ages of 14 and 19 years. In the other 4 SDI regions, the highest
EAPC in the ASIR was noted in the age group of older than 95
years (Multimedia Appendix 4). Globally, the EAPCs in the
ASMR and ASDR showed rising trends with age, and similar
trends could be found in low-middle, middle, and high-middle
SDI regions. The highest EAPCs in the ASDR and ASMR in
high SDI regions were noted between the ages of 44 and 54
years. The EAPCsinthe ASMR and ASDR in low SDI regions
were always negative at al ages (MultimediaAppendices5 and
6).

Potential Factors of Changing Trends

We found negative correlations between the EAPC and the
ASIR (p=-0.15; P=.03), ASMR (p=-0.23; P<.001), and ASDR
(p=—0.28; P<.001) in 1990 (Multimedia Appendices 7-9). On
the other hand, there were no correlations between the EAPCs
in the ASIR, ASMR, and ASDR and the SDI (Multimedia
Appendices 7-9). The analysis of the annua ASIR of
myocarditis from 1990 to 2019 and the SDI across all 21 GBD
regionsindicated that the ASIR in most GBD regionsincreased
or decreased slightly, except for high-income North America
that showed an obviously increasing trend first, a substantial
decrease next, and an increase again (Multimedia Appendix 7).
The ASMR and ASDR in Central Asia, Central Europe, and
Southeast Asia changed significantly, while that in the other
GBD regions changed dightly (Multimedia Appendices 8 and
9).

Discussion

Principal Findings

The study estimated the global burden of myocarditisfrom 1990
to 2019 systematically and comprehensively, which indicated
the progressive and prominent influence on public health due
to myocarditis. Compared with 1990, the numbers of incident
cases and deaths of myocarditis both increased by above 1.6
times across the world, while the global DALY s decreased. Al
ASRs showed declining trends with negative EAPCs over the
past 30 years. The myocarditis burden will certainly increase
because of the increasing number of cases and deaths.
Myocarditis is a kind of myocardial inflammatory disease
diagnosed by established criteria [15,24,25]. The clinical
manifestations of severe myocarditis are often fulminant, with
sudden onset, extensive myocardia damage, and accompaniment
by fatal arrnythmia, contributing to a high risk of sudden death
[26-30]. The burden of myocarditisis a public health problem
of widespread concern, particularly under the background of
SARS-CoV-2 infection and mRNA vaccines[31-33]. Sincethe
pandemic, many epidemiological studies have concluded that
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SARS-CoV-2 increased the incidence of myocarditis. Studies
also showed that the use of novel mRNA platforms led to a
higher number of reported cases than with previous platforms.
Hence, fundamental data on the burden of myocarditisis helpful
for investigating the burden induced by SARS-CoV-2 [34,35].
Analyses based on the differences in sex, age, year, SDI
quintiles, GBD regions, and nations depicted the heterogeneities
of myocarditis burden. Health policymakers should take notice
of the significant implications on public health related to
myocarditis globally.

This research found that higher SDI regions always showed a
more significant ASIR from 1990 to 2019, which was not
analyzed in a previous study of the GBD 2017 [8]. The high
incidence of myocarditis in high and high-middle SDI regions
may be related to better health care infrastructure and medical
resources, population aging, theintroduction of highly sensitive
troponin and CMRI examinations, and extensive use of ICls
and vaccines[36]. Middle SDI regions accounted for the largest
ASMR and ASDR in 2019, and low-middle SDI regions had
the largest increase in the ASMR. The main reasons for high
mortality and disability in middle SDI regions and the fastest
increase in low-middle SDI regions may be delayed diagnosis,
imperfect health care systems, and limited medical resources.
Ventricular assist devices or extracorporeal membrane
oxygenation (ECMO) need to be urgently applied in patients
with cardiogenic shock or severe ventricular dysfunction due
to myocarditis [37,38]. However, mechanical support devices
have not been widely applied in middle and low-middle SDI
regions. We also found that all ASRsin low SDI regions were
the lowest, which may be due to insufficient health care
infrastructure and resources. Definitely, the medical health care
system and quality of data sources need to beimproved inlower
SDI regions for reducing the burden of myocarditis.

At the GBD level, high-income Asia Pacific, high-income North
America, and East Asia accounted for the top 3 highest ASIRs
in 2019. At the national level in 2019, the ASIR in Austria,
Japan, and Sweden exceeded 20/100,000. The EAPCs in the
ASMR and ASDR were the highest in Kazakhstan in the past
3 decades. Furthermore, there were significant negative
correlations between the EAPCsin ASRsand the baseline ASRs
inour results, which demonstrated that countries and territories
with higher ASIRs, ASMRs, and ASDRsin 1990 went through
more rapid decreases or slow increases in the ASRs of
myocarditis from 1990 to 2019. Policymakers of countries and
territories with higher ASRs were more likely to attach
importance to the prevention of myocarditis and facilitate more
reasonable policy formulation and resource allocation. 1n 2019,
therewere significant regiona differencesin thetrendsof ASRS,
which provided accumulating evidence for the epidemiol ogical
transition of myocarditis across all GBD regions, nations, and
territories. Policymakers should facilitate country-specific health
research to allocate limited medical resources more reasonably
based on the national information on the myocarditis disease
burden.

The ASRs of myocarditiswere higher among malesthan among
females from 1990 to 2019 globally. Over the past 3 decades,
all ASRs among both sexes showed downward trends, except
for the ASMR among males, which showed a stable trend, and
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femaleshad amore significant decreasein the ASDR than males
at the global level. Previous studies have already displayed a
dightly higher incidence rate of myocarditis in men [8,29].
Morerecently, mMRNA-based COV1D-19 vaccineswere reported
to be responsible for an increased risk of myocarditis on the
basis of passive surveillance reporting in the United States,
especialy among adolescent boys and young men after the
second vaccine dose [39]. Men were more likely to experience
a severe myocarditis developmental trajectory. Differences in
innate immunity between men and women may contribute to a
different prognosis. Testosterone and estrogen play important
roles in the immune response. Testosterone can increase the
affinity of the virus to myocytes and trigger a T helper type 1
immune response [40], inhibit the quantity of anti-inflammatory
cells, and upregulate cardiac fibrotic remodeling genes [41].
Men with myocarditis have been found to have higher levels
of heart failure biomarkers, creatine kinase, myoglobin, and T
helper 17—associated cytokines[42]. On the other hand, women
can devel op abetter regulatory immune response. Estrogen can
promote the differentiation of T cellsto T helper 2 cells and
reduce the T helper type 1 immune response [43].

For estimating the age characteristics of the burden of
myocarditis more accurately, we adopted a more refined age
grouping scheme than that in the previous study of the GBD
2017 [8]. We found that the highest peak of deaths occurred in
the under 1 age group among those aged younger than 20 years,
and the number of DALY's in 2019 peaked in the under 1 age
group among both sexes. There were 2 peaks in the incidence
of myocarditisin childhood, and a high incidence was found in
infancy and adolescence, with infants having poor prognoses
[44]. Infantile myocarditis was more prone to causing severe
ventricular dysfunction, which led to a higher probability of
requiring mechanical circulatory support compared with that
among patients of other ages. Myocarditis was proved to have
caused 9% of casesof sudden infant death syndrome on autopsy
[6]. Itisnoteworthy that infants are more susceptible to
enteroviruses characterized by direct myocardial injury. The
virus can trigger a cascade of hyperinflammatory responses and
induce more robust immune responses among adol escents and
young adults, especially among males. Previous research
indicated that children and young adults had a higher incidence
of myocarditisand mortality attributed to myocarditis compared
with middle-aged and older adults [8,45]. However, our data
showed that the incidence and mortality rates had increasing
trends with age, and the DALY rate had a decreasing trend
before the 10-14 age group and an increasing trend after the
10-14 age group with age in 2019. Differences in etiology,
pathogenesis, and diagnosis strategies may beimportant reasons
for the differencesin the burden of myocarditisamong children,
adults, and elderly people. Senior citizens had high ASRs and
numbers of cases in 2019, which demonstrated that elderly
people gradually predominated in terms of the burden of
myocarditis. The burden of myocarditis shifted to el derly people
mainly due to population aging, ICl therapy, hypoimmunity,
and more concomitant underlying diseases. Policymakers should
be aware of the high DALY s in infants and the shifting of the
burden to elderly people.
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Limitations

Thisstudy has several limitations. First, the study may be prone
to sampling bias. The GBD model of myocarditis was
reconstructed based on alarge number of varying quality, sparse,
or limited scope data sources. This can affect the accuracy and
applicability of the findings across all regions and popul ations.
The possibility of missed cases of myocarditis, which are either
undiagnosed or unreported, could also lead to an underestimation
of the actual disease burden. Therefore, the estimation of the
burden of myocarditis may deviate from the actuality to some
extent, especially in some underdevel oped regions with scarce
prior information. Second, longitudinal data were lacking in
thisstudy. The absence of data extending beyond thetimeframe
limits the understanding of recent trends and the ability to
evaluate the effect of newer developments in the diagnosis,
treatment, and prevention of myocarditis, especialy after
SARS-CoV-2, with some studies reporting its relation to an
increased risk of myocarditis [34]. Third, the classification of
myocarditis was not available in this study. There are many
causes of myocarditis, among which viruses are the most
common. Multiple types of viruses, including enteroviruses,
adenoviruses, erythroparvoviruses, viruses from the
Herpesviridae family, and SARS-CoV-2, can lead to
myocarditis. Other etiologies include autoimmunity, vaccines,
ICls, and exposure to toxins and drugs. The clinical course of
myocarditis caused by different factors may be different, and
further investigations are necessary. Finally, the Dallas criteria
in 1987 for myocarditis considered endomyocardial biopsy to
be the standard diagnosis [46,47]. However, the diagnostic
strategy has changed with the introduction of highly sensitive
troponin and CMRI examinationsin the past 20 years. Inroutine
clinical practice, it is often sufficient to establish the diagnosis
of myocarditis with the combination of symptoms and signs,
laboratory examinations, and imaging studies [3]. It is unclear
if the diagnostic criteria of myocarditis were kept the same
among different areas. Further investigations are needed to
evaluate the impact of changes and regiona differencesin the
diagnostic workup for the assessment of myocarditis burden.

Conclusions

In general, myocarditis remains an important cause of early
death and chronic disability, and it negatively impacted the
global disease burden from 1990 to 2019. The numbers of
incident cases and deaths associated with myocarditis have
increased significantly. On the other hand, the ASRs of
myocarditis showed decreasing trendsfrom 1990 to 2019. High
SDI regions showed more significant ASIRs, while middle SDI
regions showed the highest ASMRsand ASDRsin 2019. Males
consistently showed higher ASRs of myocarditis than females
from 1990 to 2019 globally. Senior citizens had high incident
cases and deaths among both sexes in 2019. Peak numbers of
DALY s for both sexes were noted in the under 1 age group in
2019. At the national level, the EAPCsin ASRs had significant
negative correlations with the baseline ASRs in 1990.
Policymakers should devel op targeted control strategies based
on gender, region, age, and SDI; strengthen aging-related health
research; and take notice of the changes in the epidemic
characteristics of myocarditis. Targeted control strategies should
be developed to reduce the high DALY in infants and the
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increasing burden of myocarditisin theelderly populationbased  on the diversity of myocarditis burden explicated in our study.
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Multimedia Appendix 1

The incident cases, deaths, disability-adjusted life years, and corresponding burden rate of myocarditis in 204 countries and
territoriesin 2019.
[DOCX File, 52 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Estimated annual percentage change in the burden rate of myocarditisin 204 countries and territories from 1990 to 2019.
[DOCX File, 38 KB-Multimedia Appendix 2]

Multimedia Appendix 3

EAPC in the age-standardized rates of the myocarditis burden across all age groups by sex in 2019. (A) Incidence; (B) Mortality;
(C) DALYs. DALY s: disability-adjusted life years; EAPC: estimated annual percentage change.
[PNG File, 565 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Changes in the incidence of myocarditis across al age groups in global and SDI regions from 1990 to 2019. (A) Number of
incident cases; (B) Age-standardized incidence rate; (C) EAPC in the age-standardized incidence rate. EAPC: estimated annual
percentage change; SDI: sociodemographic index.

[PNG File, 642 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Changesinthe mortality of myocarditisacrossall age groupsin global and SDI regionsfrom 1990 to 2019. (A) Number of deaths;
(B) Age-standardized mortality rate; (C) EAPC in the age-standardized mortality rate. EAPC: estimated annual percentage change;
SDI: sociodemographic index.

[PNG File, 615 KB-Multimedia Appendix 5]

Multimedia Appendix 6

Changesinthe DALY sof myocarditisacrossall age groupsin global and SDI regionsfrom 1990 to 2019. (A) Number of DALY,
(B) Age-standardized DALY rate; (C) EAPC in the age-standardized DALY rate. DALY s: disability-adjusted life years;, EAPC:
estimated annual percentage change; SDI: sociodemographic index.

[PNG File, 607 KB-Multimedia Appendix 6]
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Multimedia Appendix 7

Factors affecting the EAPC in the ASIR of myocarditis and the changing trends of the ASIR across all GBD regions from 1990
to 2019. The size of the circle indicates the number of incident cases of myocarditis. (A) Correlation between the EAPC in the
ASIR and the corresponding ASIR in 1990; (B) Correlation between the EAPC in the ASIR and the SDI in 2019; (C) Changing
trends of the ASIR across all GBD regions from 1990 to 2019. ASIR: age-standardized incidence rate; EAPC: estimated annual
percentage change; GBD: Global Burden of Disease Study; SDI: sociodemographic index.

[PNG File, 400 KB-Multimedia Appendix 7]

Multimedia Appendix 8

Factors affecting the EAPC in the ASMR of myocarditis and the changing trends of the ASMR across all GBD regions from
1990 to 2019. The size of the circle indicates the number of deaths associated with myocarditis. (A) Correlation between the
EAPC in the ASMR and the corresponding ASMR in 1990; (B) Correlation between the EAPC in the ASMR and the SDI in
2019; (C) Changing trends of the ASIR across all GBD regions from 1990 to 2019. ASMR: age-standardized mortality rate;
EAPC: estimated annual percentage change; GBD: Globa Burden of Disease Study; SDI: sociodemographic index.

[PNG File, 460 KB-Multimedia Appendix 8]

Multimedia Appendix 9

Factors affecting the EAPC in the ASDR of myocarditis and the changing trends of the ASDR acrossall GBD regions from 1990
to 2019. The size of the circle indicates the number of DALY s of myocarditis. (A) Correlation between the EAPC in the ASDR
and the corresponding ASDR in 1990; (B) Correlation between the EAPC in the ASDR and the SDI in 2019; (C) Changing trends
of the ASDR across all GBD regions from 1990 to 2019. ASDR: age-standardized DALY rate; DALY s: disability-adjusted life
years, EAPC: estimated annual percentage change; GBD: Global Burden of Disease Study; SDI: sociodemographic index.
[PNG File, 455 KB-Multimedia Appendix 9]
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