Original Article

Scientific Data Sharing and Reuse

Chin Med Sci J
2022; 37(3): 181-194
doi:10.24920/004118

Global and Regional Trends and Projections of Infective
Endocarditis-Associated Disease Burden and Attributable Risk

Factors from 1990 to 2030

Lijin Lin™*", Yemao Liu**“", Juanjuan Qin"?®, Fang Lei *°, Wenxin Wang" ®, Xuewei Huang"?,
Weifang Liu®°, Xingyuan Zhang®®°, Zhigang She"*, Peng Zhang®®, Xiaojing Zhang®°, Zhaoxia

1, 3%

Jin®**, Hongliang Li

'Department of Cardiology, Renmin Hospital of Wuhan University, Wuhan 430060, China

’Department of Cardiovascular, Huanggang Central Hospital, Huanggang, Hubei Province, 438021 China
*Institute of Model Animal, Wuhan University, Wuhan 430071, China

*Huanggang Institute of Translational Medicine, Huanggang, Hubei Province, 438802 China

®School of Basic Medical Science, Wuhan University, Wuhan 430071, China

ABSTRACT

Objective To forecast the future burden and its attributable risk factors of infective endocarditis (IE).

Methods We analyzed the disease burden of IE and its risk factors from 1990 to 2019 using the Global Burden of
Discase 2019 database and projected the disease burden from 2020 to 2030 using a Bayesian age-period-cohort model.
Results By 2030, the incidence of IE will increase uncontrollably on a global scale, with developed countries
having the largest number of cases and developing countries experiencing the fastest growth. The affected
population will be predominantly males, but the gender gap will narrow. The elderly in high-income countries
will bear the greatest burden, with a gradual shift to middle-income countries. The incidence of IE in countries
with middle/high-middle social-demographic indicators (SDI) will surpass that of high SDI countries. In China,
the incidence rate and the number of TE will reach 18.07 per 100,000 and 451,596 in 2030, respectively. TE-
associated deaths and heart failure will continue to impose a significant burden on society, the burden on women
will increase and surpass that on men, and the elderly in high-SDI countries will bear the heaviest burden. High
systolic blood pressure has become the primary risk factor for IE-related death.

Conclusions This study provides comprehensive analyses of the disease burden and risk factors of IE worldwide
over the next decade. The IE-associated incidence will increase in the future and the death and heart failure
burden will not be appropriately controlled. Gender, age, regional, and country heterogeneity should be taken

seriously to facilitate in making effective strategies for lowering the IE disease burden.
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INTRODUCTION

Infective endocarditis (IE) is an inflammatory
process caused by bacterial or fungal infection of the
heart valves or endocardium! %, IE remains a signif-
icant challenge to global cardiovascular health, with
high morbidity and mortality despite advances in dis-
ease diagnosis and applications of antibiotics!**!, A
recent study discovered that the patient population
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was gradually shifting from the young to the elderly®.
Notably, the high Socio-demographic Index (SDI) re-
gion has the highest burden compared to other SDI
regions™, which may be explained by the increased
use of invasive procedures in the aging population and
the changes in microbiological profiles in high-income
regions'™ °, Therefore, it is essential to project the fu-
ture trends in the disease burden of IE based on the
current situations in specific subgroups.

Here we used the Global Burden of Disease (GBD)
2019 database to analyze the IE-associated incidence,
mortality, and heart failure (HF) impairment and its
attributable risk factors from 1990 to 2019. Using the
Bayesian age-period-cohort model (BAPC), we further
predicted the disease burdens of IE from 2020 to 2030
at the global, SDI, and national levels. Our findings will
contribute to the development of targeted prevention
strategies to combat the rising prevalence of IE in spe-
cific populations.

MATERIALS AND METHODS

Study data

The methodology of the GBD Study has been reported
previously”®!, Data on IE burden were obtained from
the Global Health Data Exchange (GHDx) query tool
(http://ghdx.healthdata.org/gbd-results-tool)**,
The database contains information on the numbers of
incident cases and age-standardized rate of incidence
(ASIR), number of deaths and age-standardized rate
of mortality (ASMR), and number of HF prevalent cas-
es and age-standardized prevalence rate (ASPR) of
HF impairment globally, SDI regions, GBD regions,
countries (China), sex (male, female, and both), and
20 age groups (0-95 plus years, with 5 years an in-
terval). This database also provides three attributable
risk factors for IE-related death, including metabolic
(high systolic blood pressure [high SBP]), behavioral
(diet high in sodium), and environmental/occupational
(lead exposure) risk factors. Our research methodol-
ogy adheres to the Accurate and Transparent Health
Estimates Reporting Guidelines (Table S1).

Definition

The diagnostic criteria of IE were based on the stan-
dardized Duke-Li classification*”), The GBD online
databases also reported the long-term sequelae of
HF caused by IE, as defined by the 2013 ACCF/AHA
guideline™. In the 2019 GBD, the International Clas-
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sification of Diseases 10 (ICD-10) codes corresponding
to IE are B33.21, 133-133.9, 138-138.0, and 139-139.9.
Detailed methods and procedures for confirming the
diagnosis are available on the website (http://www.
healthdata.org/results/gbd_summaries/2019). GBD
2019 defined high SBP as having a theoretical mini-
mum risk exposure level (TMREL) between 110 mmHg
and 115 mmHg, which is the population-level expo-
sure level that minimizes risk. Diet high in sodium is
characterized by an average 24-hour urinary sodium
excretion (in grams per day) greater than 3 g. Two
types of lead exposure are distinguished: acute (mea-
sured in micrograms of lead per deciliter of blood) and
chronic (measured in micrograms of lead per gram
of bone). The TMREL is 2 micrograms per deciliter of
blood. Besides, SDI is a comprehensive indicator of de-
velopment status calculated using income per capita,
educational attainment, and fertility rates on a scale
of 0-1", The SDI categorizes countries into five quin-
tiles: low, low-middle, middle, high-middle, and high
SDI regions. Additionally, GBD 2019 divided countries
and territories into 21 GBD regions according to their
geographical locations.

Model development and validation
We chose to use the data from 1990 to 2019 to predict
the data for 2020 to 2030™'®, We collected the num-
ber and age-standardized rate of three indicators of IE
for all age groups globally and regionally from 1990 to
2019 and restored the corresponding annual total popu-
lations through the following formula: the number of
incidence (or death or impairment) caused by IE for all
ages in a given year divided by the corresponding rate.
The BAPC model has been extensively used to
predict epidemiological trends, and its superior predic-
tive performance has been validated previously™ *,
To project the disease burden of IE through 2030, the
BAPC model was utilized. As the age-period-cohort
(APC) assumes there is a multiplicative effect of age,
period, and cohort, the trend in the age-standardized
rate of three indicators of IE was modeled using the
BAPC method as follows:

Yat NB(l’lm,pm) (1)
Y,=ubadtpk (2)
log(¥, )=u+6,+¢,+o, (3)

where Y, denotes the IE burden indicator case counts
in age group « during period t, which are assumed to
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follow a binomial distribution with parameters p, and
n,. The parameter n, is the known population size
of age group a at period ¢, and p, is the unknown IE
burden indicator rate probability. Y, denotes the IE
burden indicator, a=1..., A represents age groups,
t=1..., T represents the observation period, and
k=1..., K represents the index of the birth cohort. As
the IE burden indicator rate is given per year while
age groups are depicted in 5-year intervals, k=k
(a, t) = 5x(A-a)+t. In our current study, A = 20
(0-95+ years, with an interval of 5 years), and T = 30
(1990-2019). By taking the logarithm of Y,, the model
can be transformed into an additive model in which the
IE burden probability is decomposed into an intercept
U, age effect 6,, period effect ®, and cohort effect ¢,.
We conducted BAPC analysis with integrated nested la-
place approximation.

To determine the accuracy of the BAPC model,
we conducted four tests with varying input and output
points, used the data between input points to predict
the data in output points, and compared the predicted
value to the actual value. The input/output rate was
greater than 2, and the mean absolute percentage
error (MAPE) was acceptable (Table S2). In our pro-
jection, there were 30 data points as input (data from
1990 to 2019) and 11 data points as output (data from
2020 to 2030). The input/output rate was 2.73. We
split the dataset from the past three decades into a
training set (data between 1990 and 2011) and a vali-
dation set (data between 2012 and 2019), with a com-
parable input/output rate of 2.75. The prediction error
rate was calculated using the MAPE to evaluate the
performance of the model, during which the following
formula was used.

z ((| Predictive value — obserational value |) o 100%)

MAPE — obserational value

Projection year
(4)
Furthermore, to validate the robustness of the
model, we used an additional autoregressive inte-
grated moving average (ARIMA) time series model to
conduct the projection, all MAPEs in the model were
satisfactory (Table S3).

Quantifying the trends of the burden of IE

The age-standardized rate (ASR) was calculated to
quantify the trends of indicators caused by IE. ASR
was computed using the following formula for eliminat-
ing the impact of the age distribution:

Chinese Medical Sciences Journal 183

ZQ-W<

i

ASR ==L —— 100,000 (5)

PRT

i=1

a, where i represents the i age class, and the
number of persons (or weight) (w;) in the same age sub-
group i based on the world 2000 standard population.

The estimated average percentage change (EAPC)
is utilized to determine the ASR trend. Because it was
assumed that the natural logarithm of ASR is linear
over time, the following formula was used:

Y=a+pX+¢ (6)

where Y represents In(ASR), X represents the calendar
year, and € represents the error term. EAPC was calcu-
lated with the formula:

EAPC=100x (exp(B)-1) 7)

and the 95% confidence intervals (CIs) were derived
from the model. ASR increases when EAPC and the
lower limit of 95% CI are both positive. When both
EAPC and the upper limit of the 95% CI are negative,
the ASR trends downward. ASR is considered stable
otherwise.

All statistical analyses were conducted with the
R-3.6.3 program (R Foundation for Statistical Com-
puting, Vienna, Austria). All images were created us-
ing GraphPad Prism (version 9.0.0) and R, and edited
using Adobe Illustrator software (version CS6). The
“BAPC” and “INLA” packages were used to predict the
disease burden, and the “tseries” packages was uti-
lized for model sensitivity analysis. Two-tailed P values
less than 0.05 were considered statistically significant.

RESULTS

The characteristics and trends of IE incidence
over the next decade

Globally, the ASIR of IE has increased significantly
over the past three decades. The number of IE cases
is projected to increase to 1.67 million (95% CI:1.56-
1.78 million) by 2030 (Table S4), with the ASIR ris-
ing from 14.07 per 100,000 (95% CI: 13.65-14.48
per 100,000) in 2020 to 16.33 per 100,000 (95% CI:
12.56-20.10 per 100,000) in 2030 (Table 1 and Fig.
1D). From 2020 to 2030, the ASIRs in both sexes will
exhibit increasing trends (with the EAPC being 1.60 for
males and 1.47 for females) (Table 1).
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In SDI regions, ASIRs are expected to rise in
all SDI regions over the next decade, with relatively
high SDI regions remaining higher than relatively low
SDI regions (Fig. 1A-B). The ASIRs in middle and
high-middle SDI regions will eventually approach or
surpass those of the high SDI region, with the fastest
growth occurring in the low-middle SDI region. The
ASIR in the low SDI region will increase more rapidly
than in the high SDI region (Table 1 and Fig. 1A).
ASIRs will increase dramatically across nearly 21 GBD
regions. In regions with relatively high SDI, including
Australasia and Western Europe, the ASIRs will con-
tinue to rise. Nevertheless, its upward trend will be
less pronounced than that of middle/high-middle SDI
regions (East Asia and Central Latin America). ASIRs
are expanding most rapidly in Tropical Latin America
and Central Latin America, with a significant impact on
middle-income countries. In addition, ASIRs in regions
with a relatively low SDI (Central Sub-Saharan Africa
and Southern Latin America) will increase (Table 1
and Fig. 1C-D).

Over the entire study period, males will have a
consistently higher global ASIR than females, and this
is consistent in all SDI regions and almost all GBD
regions (Fig. 2A-D). However, in low SDI regions,
the male-to-female ratio of ASIR will decrease, indi-
cating that females will experience a higher incidence
of ASIR (Fig. 2B-C). The global ASIR in the 0 - 24
age group will remain extremely low and trend down-
ward, whereas it will increase rapidly in those over 60
years. As the rate accelerates with age, older adults
will bear the greatest burden incidence (Fig. 3A).
This aging trend is prevalent in relatively high SDI
regions (from middle to high SDI regions) (Fig. 3D-
F); in contrast, in the relatively low SDI regions (low
and low-middle SDI regions), there will be a greater
incidence burden among the younger population (Fig.
3B-C). This pattern will be confirmed across 21 GBD
regions (Fig. 3G).

In China, the ASIR for IE is projected to reach
18.07 per 100,000 (95% CI: 12.36-23.78) by 2030,
with the number of IE patients reaching 452 thousands
(95% CI: 363 - 540 thousands) (Table S5 and S6).
The ASIR in China is comparable to that in high-middle
SDI regions and greater than that globally and in high
SDI regions, despite its middle SDI level (Table 1). In
the subgroup analysis, the incidence in China will show
male predominance and aging trends (Fig. S7A-B and
Fig. S8A).
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Trends and characteristics of IE-related death
and heart failure in the next decade

Globally, death cases and HF cases are projected to
reach 88.49 thousands (95% CI: 81.03-95.95 thou-
sands) and 467.25 thousands (95% CI: 439.66-494.84
thousands), respectively, by 2030, despite a slight de-
crease in IE's ASMR and HF ASPR (Table 1 and Table
S4).

In comparison to other SDI regions, the high SDI
region will continue to have the highest ASMR and HF
ASPR caused by IE, resulting in a large number of IE
patients with a poor prognosis in highly developing
counties. While IE-related ASMRs and ASPRs will show
rising trends in the low and low-middle SDI regions
(Fig. S1A-B and Fig. S4A-B) Regionally, the death
and HF burden of IE will not be controlled in high SDI
regions such as High-income North America and West-
ern Europe. However, given the rapid rise in IE-related
burden, the burden in some regions with high-middle
(Southern Latin America) and low SDIs (Oceania) re-
quires special attention in the coming decade (Fig.
S1C-D and Fig. S4C-D).

ASMR remains higher in males than in females
worldwide between 2020 and 2030, whereas HF ASPR
will be the opposite, indicating that women will bear
a greater burden of heart failure caused by IE. Males
will continue to exceed females in various SDI regions
when it comes to ASMR. While the male-to-female
ASMR ratio in all SDI regions is expected to fall over
the next decade. In contrast, males will have a high-
er ASPR of IE-associated HF than females in low and
low-middle SDI regions, whereas females will prepon-
derance in middle to high SDI regions (Fig. S2A-C
and Fig. S5A-C). A comparable phenomenon can be
observed in low-income GBD regions (Fig. S2D and
Fig. S5D). The elderly population will be particularly
vulnerable to IE-associated death and heart failure
worldwide, particularly in middle/high-middle/high SDI
regions (Fig. S3 and Fig. S6).

In China, IE-related ASMR is decreasing gradually
and will remain stable over the next decade. The num-
ber of deaths attributable to IE will continue to rise to
7,034, with males and elderly individuals carrying the
heaviest death burden (Table S5 and Table S6). In the
past, IE-related heart failure ASPR was at a lower static
level, but in the coming years, it will rise rapidly. IE-re-
lated heart failure injuries were discovered to be more
common in older adults, with older women bearing a
slightly higher burden (Fig. S7C-F and Fig. S8B-C).
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Figure 1. IE-related ASIRs and their EAPCs in global, SDI regions, and 21 GBD regions from 1990 to 2030.
(A) ASIRs in different SDI regions from 1990 to 2030; (B) death cases in SDI regions from 1990 to 2030; (C) ASIRs in
global, SDI regions, and 21 GBD regions in 1990, 2019, and 2030; (D) the EAPCs of IE-related ASIRs in global, SDI re-

gions, and 21

GBD regions between 1990-2019 and 2020-2030.

IE: infective endocarditis; ASIR: age-standardized incidence rates; SDI: socio-demographic index; EAPC: estimated annual
percentage change; GBD: global burden of disease.
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Figure 2. IE-related ASIRs and their EAPCs by sex in global, SDI regions, and 21 GBD regions from 1990 to 2030.

(A) IE-related ASIRs in different SDI regions by males (the left) and females (the right) from 1990 to 2030; (B) male to
female ratio of IE-related ASIRs in SDI regions from 1990 to 2030; (C) EAPCs of IE-related ASIRs in SDI regions between
1990-2019 (the left) and 2020-2030 (the right); (D) EAPCs of IE-related ASIRs in GBD regions in 2020-2030.

IE: infective endocarditis; ASIR: age-standardized incidence rate; SDI: socio-demographic index; EAPC: estimated annual

percentage change; GBD: global burden of disease.
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Figure 3. IE-related ASIRs, death cases, and their compositions in all age groups in 1990, 2019, and 2030.
(A)-(F) IE-related incident cases and ASIRs in 0-95+ years groups (5 years an interval) in 1990, 2019, and 2030 in global
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Trends and characteristics of IE death burden
attributable to risk factors in the next decade
Over the last 30 years, the number of IE-related
deaths associated with three risk factors (high SBP,
high-sodium diet, and lead exposure) has increased
globally and has been increasing with the SDI level.
This trend will continue unabated in the next decade
(Fig. S10A). ASMR associated with these three risk
factors has decreased or remained stable, but the
decline in risk factors has slowed or even increased
in different regions over the last decade. If this trend
continues, the burden of deaths attributable to three
risk factors will rise (Fig. S9A). High SBP will be the
most important risk factor for IE-related mortali-
ty (Fig. S9A) and the IE-related ASMR of high SBP
will be slightly higher in men than in women (Fig.
S9B-C), which may explain the high burden in men
(Fig. S10B-C). In China, high SBP is still the leading
cause of IE-related deaths. The number of IE-related
deaths attributable to high SBP has risen in the last
decade and is expected to accelerate in the future (Fig.
S11B). While ASMR associated with high SBP has pre-
viously shown a downward trend, such a slow decline
is expected to continue over the next decade (Fig.
S11A).

To ensure the robustness of our findings, we fur-
ther performed a sensitivity analysis using the ARIMA
model and discovered that projection trends in the
IE-related ASIRs, ASMRs, and heart failure ASPRs were
consistent with the BAPC model results globally and in
five SDI regions (Fig. S12A-C).

DISCUSSION

This study provides a global assessment and pro-
jection of the IE-associated incidence, mortality, and
heart failure impairment and its attributable risk fac-
tors. By 2030, it is anticipated that the incidence of IE
will increase, and the mortality and heart failure bur-
den of IE will not be adequately managed, with devel-
oping countries experiencing the fastest growth rates
and developed countries having the highest number
of cases. The ASIR and ASMR will indicate male pre-
ponderance, whereas the ASPR will indicate female su-
periority; the elderly in high SDI countries will bear a
higher burden of IE. High SBP is the primary risk factor
for IE-related mortality. In China, it is anticipated that
the burden of IE will increase over the coming years,
and age and gender disparities are evident.

September 2022

Fewer studies have been conducted on IE com-
pared to those focusing on other cardiovascular dis-
eases'™ *> 2!, Our findings suggested that the incidence
of IE will not be effectively controlled shortly and the
regional heterogeneity will persist. Factors contribut-
ing to the high incidence of IE included traditional risk
factors such as rheumatic heart disease, native valves,
and congenital heart disease in low-income coun-
tries and emerging risk factors such as degenerative
valve disease and medical intervention in high-income
countries™ **?, In recent years, the rapid expansion
of the global economy may bring new opportunities
for healthcare-associated infections in developing na-
tions™ **!, In addition to the traditional risk factors
previously mentioned, middle-income regions, just like
high-income regions, will face new risk factors associ-
ated with IE. This may explain why IE is more common
in middle-income countries than in high-income coun-
tries. These regional variability risk factors may con-
tribute to the varying incidence and prevalence of IE.

Additionally, insufficient control of the prevalence
of IE may also be attributable to factors including male
sex®® %1 population aging™® **!, valve-containing pros-
thetics®%, cardiac implantable electronic devices®!,
hemodialyses®”, and interventional therapies®®. In pa-
tients undergoing mitral and aortic valve replacement,
male gender was identified as a risk factor for IE®® 7,
The elderly have a higher incidence of IE due to the
rising incidence of degenerative heart valve disease,
the increased number of invasive interventions, and
the longer lifespan of patients with multiple comorbid-
ities?® ** %1, According to the recommendations of the
European Society of Cardiology, a growing number of
bacteria, such as hypervirulent staphylococci, are de-
veloping resistance to numerous antibiotics. With the
advancements in ultrasound technology and other new
diagnostic tools, IE will be diagnosed more precisely.

IE accounts for only 0.4% of cardiovascular dis-
ease deaths and may be overlooked as a burden. The
mortality and complication rates of IE remained unpro-
portionately high despite the significant survival bene-
fits of surgical intervention and antibiotic therapy. HF is
one of the most severe complications of IE, and it may
necessitate immediate surgery™*!. Our findings demon-
strated that the death and HF burden of IE has been
insufficiently managed globally. According to our ad-
ditional analysis, the deteriorating prognosis of IE has
been significantly affected by aging and the associated
rise in comorbidities®®. This also explains the potential
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causes of the high mortality rate in regions with a high
SDI. Life expectancy is relatively long in high-income
nations with richer medical resources and higher birth
rates. In addition, staphylococcal infections, which are
more prevalent in countries with high incomes, are as-
sociated with worse outcomes'™ 7, These factors will
inevitably contribute to the poor prognosis of IE.

Although the incidence of IE is relatively low in
low-income regions, ASMRs and ASPRs are expected to
increase in the coming decades mainly due to delayed
diagnosis and inaccessibility of health services™®, It
is known that the most urgent indication for surgery
is IE-associated HF, which may be overlooked or un-
dertreated in low-income countries®*!. While the HF
burden caused by IE will increase in females and sur-
pass that in males, which may result in a poor prog-
nosis® *. Consequently, reducing IE mortality in low-
SDI regions requires a focus on priority populations,
an improvement in the ability to perform complex
surgery, and an increase in health care resources. Us-
ing the GBD database, we also found that metabolic
factor (high SBP) was a key risk factor attributable to
IE-related mortality worldwide. Recent cohort research
identified elevated blood pressure as a risk factor for
the development of IE™Y, As more cardiovascular met-
abolic risk factors have been discovered, public health
policymakers should further evaluate the effect of high
SBP on IE-related mortality.

Our current study revealed that the burden of IE
persisted over the past three decades and will increase
in the coming years, and the burden was higher than
those in high-income countries™ *?! and in previous
single-center studies conducted in China™® *, Thus,
we need to identify the most emerging risk factors in
China to control the prevalence of IE. Recent stud-
ies have confirmed that congenital heart disease and
chronic rheumatic heart disease were the most com-
mon risk factors for IE in China****, In addition, there
was an alarming increase in prosthetic-valve endocar-
ditis, which is expected to further expand indications
for valvular replacement and transcatheter valvular in-
terventions*®’, While Staphylococcus aureus and strep-
tococci are the most prevalent pathogens, other risk
factors including hemodialysis and drug abuse should
not be neglected™ *’), To prevent the increase in the
burden of endocarditis in China over the next decade,
both traditional and emerging risk factors should be
identified and managed.

The mortality and heart failure burden caused by
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IE must also be carefully managed in China. Population
aging portends an increase in IE-related fatalities in
the future. Intravenous drug abuse, prosthetic valve
endocarditis, hemorrhagic stroke, acute congestive
heart failure, renal insufficiency, left-sided endocar-
ditis, and early surgical intervention were the most
significant factors contributing to the increased mortal-
ity[® 48 %1 Surgical intervention may have neutralized
the adverse effects of advanced age and comorbid-
ities, thereby contributing to the stagnant mortality
trend™* *%. Nevertheless, additional epidemiological
studies on the risk factors are required.

Our current study had several limitations. First,
the data retrieved from the GBD database was vari-
able resources, which may be inevitably biased from
the actual data, particularly in some countries with
scarce information. Second, no external database was
available to validate the results from BAPC modeling.
Nevertheless, we conducted internal validation using
the data from the different time frames and supported
the stability of the model. Third, potential IE-related
incidence attributable to risk factors such as valvular
degeneration, intravenous drug addiction, surgical
interventions, hemodialysis or central venous cathe-
ter placement, and congenital heart disease were not
available in the database. Thus, we could not exclude
the impacts of those factors. Fourth, potential IE-relat-
ed death-attributable risk factors such as pathogens,
underlying disease, cardiac involvement, embolic com-
plications, infectious shock, and surgical intervention
were not available in the database. Thus, we could not
analyze the impact of those factors.

CONCLUSIONS

The burden of IE has been neglected and inade-
quately controlled worldwide over the past three de-
cades. Projections indicate that the disease burden will
not be alleviated if the current situation continues. The
incidence of IE will increase uncontrollably in the future
and the death and HF burden will not be sufficiently
managed. Gender, age, and regional/national hetero-
geneities should be taken into account, and attribut-
able risk factors should be identified and managed to
facilitate making targeted preventative strategies for
reducing the surge of IE disease burden.

Supplemenmtary materials
Avaliable at http://cmsj.cams.cn/EN/10.24920/004118.
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Table S1. Checklist of accurate and transparent global
health estimates reporting (ie. GATHER checklist).
Table S2. The evaluation of the Bayesian age-period-co-
hort model’s predictive accuracy in the primary analysis.
Table S3. The evaluation of the Bayesian age-peri-
od-cohort model’s predictive accuracy in the sensitivity
analysis.

Table S4. Cases of incidence, death, and heart failure
prevalence caused by IE in 2020 and 2030.

Table S5. ASIRs, ASMRs, heart failure ASPRs, and
their related EAPCs of IE in China 1990, 2019, 2020,
and 2030.

Table S6. Cases of incidence, death, and heart failure
prevalence caused by IE in China in 1990, 2019, 2020,
and 2030.

Figure S1. IE-related ASMRs and their EAPCs at the
global, SDI regions, and 21 GBD regions from 1990 to
2030.

Figure S2. IE-related ASMRs and its EAPCs by sex, in
global, SDI regions, and 21 GBD regions from 1990 to
2030.

Figure S3. The IE-related ASMRs, death cases, and
their compositions in all age groups in 1990, 2019, and
2030.

Figure S4. IE-related ASPRs and their EAPCs by sex,
in global, SDI regions, and 21 GBD regions from 1990
to 2030.

Figure S5. IE-related ASPRs and their EAPCs by sex,
in global, SDI regions, and 21 GBD regions from 1990
to 2030.

Figure S6. IE-related ASPRs, heart failure cases, and
their compositions in all age groups in 1990, 2019, and
2030.

Figure S7. IE-related age-standardized rates and cas-
es of incidence, death, and heart failure prevalence by
sex in China from 1990 to 2030.

Figure S8. IE-related ASRs and cases of incidence,
death, and heart failure prevalence in all age groups
by sex in China in 1990, 2019, and 2030.

Figure S9. Trends in ASMRs associated with IE risk
factors in global and SDI regions by sex from 1990 to
2030.

Figure S10. Trends in death cases associated with IE
risk factors in global and SDI regions by sex from 1990
to 2030.

Figure S11. Trends in ASMRs and death cases associ-
ated with IE risk factors in China by sex from 1990 to
2030.

Figure S12. Sensitivity analyses of ASIRs, ASMRs,
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and heart failure ASPRs of IE in global and SDI regions
from 1990 to 2030.
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