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Background: Rheumatic heart disease (RHD) remains the leading cause of
preventable death and disability in children and young adults, killing an
estimated 320,000 individuals worldwide yearly.

Materials and methods: We utilized the Bayesian age-period cohort (BAPC)
model to project the change in disease burden from 2020 to 2030 using the
data from the Global Burden of Disease (GBD) Study 2019. Then we described
the projected epidemiological characteristics of RHD by region, sex, and age.

Results: The global age-standardized prevalence rate (ASPR) and age-
standardized incidence rate (ASIR) of RHD increased from 1990 to 2019, and
ASPR will increase to 559.88 per 100,000 population by 2030. The global age-
standardized mortality rate (ASMR) of RHD will continue declining, while the
projected death cases will increase. Furthermore, ASPR and cases of RHD-
associated HF will continue rising, and there will be 2,922,840 heart failure (HF)
cases in 2030 globally. Female subjects will still be the dominant population
compared to male subjects, and the ASPR of RHD and the ASPR of RHD-
associated HF in female subjects will continue to increase from 2020 to
2030. Young people will have the highest ASPR of RHD among all age groups
globally, while the elderly will bear a greater death and HF burden.
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Conclusion: In the following decade, the RHD burden will remain severe.
There are large variations in the trend of RHD burden by region, sex, and age.
Targeted and effective strategies are needed for the management of RHD,
particularly in female subjects and young people in developing regions.

rheumatic heart disease, projections, disease burden, age-standardized prevalence

rates, health policy

Introduction

Rheumatic heart disease (RHD), although regarded as a
preventable disease, had affected 40.5 million individuals by
2019 (1), and had resulted in around 1,100,000 cases of
heart failure (HF) as well as 320,000 death cases annually
(2, 3). The improved living standards, access to healthcare,
and the widespread use of penicillin-like drugs have alleviated
the disease burden of RHD in the past decades (4).
However, RHD is still a major cause of serious valvular
heart disease and increases the health burden in some
regions and populations (2, 3, 5, 6). In several developing
countries, such as South Africa and India, RHD remains
a public health priority (7, 8). Even in some developed
countries, the case number of RHD in children has started
to increase (5, 6). Those who suffer from RHD in childhood
will face a significant burden of HF in future. These
facts suggested that focused studies should be conducted to
figure out the future trends of RHD and to guide more
specified and effective policy-making. Some strategies, such
as expanding echocardiographic screening and modifying
perioperative penicillin use, could be implemented in high-
risk locations.

In this study, we used the Global Burden of Disease
(GBD) Study 2019 database to project the RHD-related
disease burden from 2020 to 2030 and described the
projected burden in prevalence, death, and heart failure by
region, sex, and age. The results from this analysis would
project longitudinal changes in RHD in the near future
and guide the development of more targeted strategies to
reduce the RHD burden.

Abbreviations: ASIR, age-standardized prevalence rate; ASMR, age-
standardized mortality rate; ASPR, age-standardized prevalence rate;
ASR, age-standardized rate; BAPC, Bayesian age-period cohort; Cl,
confidence interval; CODEm, Cause of Death Ensemble model; EAPC,
estimated annual percentage change; GBD, Global Burden of Disease;
GHDx, Global Health Data Exchange; HF, heart failure; ICD, International
Classification of Diseases; MAPE, mean absolute percentage error; RHD,
rheumatic heart disease; SDI, sociodemographic index; Ul, uncertainty
interval.
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Materials and methods

Study data

The annual number of indicators of RHD burden, including
prevalence, incidence, mortality, and prevalence of HF by
region, sex, and age from 1990 to 2019, were extracted
from the Global Health Data Exchange (GHDx) query tool.!
The Global Burden of Diseases, Injuries, and Risk Factors
Study 2019, which is supported by an ongoing multinational
collaboration, comprehensively and systematically estimates 369
diseases and injuries as well as 87 behavioral, environmental,
occupational, and metabolic risk factors in 204 countries and
territories, 21 regions, and seven super-regions from 1990 to
2019 (1, 9). The detailed component information on data
collecting and study processing used for GBD 2019 have already
been thoroughly described (3). Our study complied with the
Guidelines for Accurate and Transparent Health Estimates
Reporting (GATHER) (Supplementary Table 1).

Definitions

Rheumatic heart disease is a heart disease mainly affecting
the heart valves, especially the mitral valve. It occurs as a cardiac
involvement of acute rheumatic fever caused by the infection of
group A streptococcus, frequently resulting in premature death
and HF (10). More detailed diagnosis information about RHD
could be acquired on the website.? The sociodemographic index
(SDI), collected from the GBD database, is a summary measure.
It quantitates the average level in several basic dimensions of
country and region achievement, such as incomes, educational
attainments, and fertility rates (1, 9, 11, 12). The scale is limited
to 0 to 1. 0 represents the lowest composite average level in
all GBD countries, and 1 is in reverse. Based on SDI, all GBD
countries are divided into five types (high, high-middle, middle,
low-middle, and low levels). In addition, they are also divided

1 http://ghdx.healthdata.org/gbd-results-tool
2 http://www.healthdata.org/results/gbd_summaries/2019
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into 21 GBD regions based on their geographic locations. In
our research, we displayed the figure and table in the order
of decreasing average SDI values for the 21 GBD regions.
Death data were obtained from the different national vital
registration databases, verbal autopsies, or household mortality
survey records. The Cause of Death Ensemble model (CODEm)
was used to estimate the cause-specific mortality of RHD for the
region, sex, age, and year. The cause of death was coded in the
International Classification of Diseases (ICD) system and then
mapped to the RHD. The ICD-10 codes matched to RHD are
101-101.9, 102.0, and 105-109.9.

Statistical analysis

Age-standardized rate and estimated annual
percentage change

Specific indicators reported by region, sex, age, and year
measuring the burden of RHD in our research involved
prevalence, incidence, mortality, and prevalence of HF.
The RHD-associated burden was statistically estimated and
modeled, utilizing an integrated and multi-parameter approach.
The count, age-standardized rate (ASR) per 100,000 population,
and 95% UI extracted from the database were used to
quantify the burden of RHD. ASR was the rate per 100,000
people following a standardized global age structure, which
could be used to exclude the effects of aging as much as
possible (13).

Temporal trends of ASR from 2020 to 2030 were quantified
by the estimated annual percentage change (EAPC) using
least squares linear regression. The EAPC is a summative
and widely used measurement for ASR trends over specified
intervals (14). If the EAPC estimation and its lower limit of
95% CI were both positive, the ASR was considered to be in
an increasing trend. Conversely, if the EAPC estimation and
its upper limit of 95% CI were both negative, the ASR was
considered to be in a downward trend. Otherwise, the ASR was
deemed to be stable.

Forecasting model development

We used the GBD data from 1990 to 2019 to project
the disease burden from 2020 to 2030. First, we collected the
prevalence, death, and HF cases of RHD for all age groups
(in 5-year intervals) at the global and regional levels from
1990 to 2019. Second, according to the formula, the cases of
prevalence (or death or HF) for all age groups in a certain
year/corresponding rate for all age groups in the same year,
we restored the corresponding annual total populations. And
then, the BAPC model was used to project the disease burden
from 2020 to 2030.

The superior predictive performance of the BAPC model
has been verified (15, 16). BAPC model assumed a similar
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effect of age, period, and cohort adjacent in time. And
all unknown parameters were regarded as random with
appropriate prior distributions in the BAPC model. The
Bayesian inference used the second-order random walk for
smoothing priors of age, period, and cohort effects. The
prior knowledge combined with observed data was used to
derive a posterior distribution (17). The integrated nested
Laplace approximations were used with the BAPC model
to approximate the marginal posterior distributions, avoiding
mixing and convergence issues introduced by Markov chain
Monte Carlo sampling techniques traditionally used in the
Bayesian approach. We conducted the BAPC analysis using
R-package BAPC (version 0.0.34).

The mean absolute percentage error (MAPE) was applied to
calculate the projection deviance to evaluate model performance
(18). The data on prevalence, death, and heart failure of RHD
at the global level and in different SDI regions from 1990
to 2019 were retrieved and split into two periods: 1990-2013
and 2014-2019. Data from 1990 to 2013 were used to project
data from 2014 to 2019 by the BAPC model, and projected
data were compared with the true values. Supplementary
Table 2 shows the MAPE results at the global level and in the
five SDI regions.

The R program (Version 4.1.0, R Core Team) was used
to perform the statistical analysis. All graphs were drafted by
GraphPad Prism (Version 8.0.2) and R program.

Results

The changes in rheumatic heart
disease burden from 2020 to 2030 at
the global level

There are rising trends in ASPR and ASIR of RHD
from 1990 to 2019 at the global level (Figures 1A,B).
Predictively, the ASPR will still maintain an upward
trend, from 523.86 per 100,000 (95%CI, 511.92-535.81)
to 559.88 per 100,000 (95%CI, 452.19-667.58), in the
following decade (Figure 1E and Table 1). We could not
project the future changes in incidence burden due to a
lack of data (Figures 1B,F). Although RHD-related death
cases will continue rising (Supplementary Table 3), the
ASMR will decrease from 2020 to 2030 (Figures 1C,G
and Supplementary Table 5). Heart failure is a major
complication and reason for hospitalization for individuals
with RHD. From 2020 to 2030, ASPR and cases of RHD-
associated HF will continue increasing (Figures 1D,H and
Supplementary Table 6). The ASPR and cases of HF will be
26.84 per 100,000 (95%CI, 22.09-31.59) and 2,922,840 (95%ClI,
2,752,383-3,093,297) by 2030, respectively (Supplementary
Tables 3, 6).
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FIGURE 1

estimated annual percentage changes.

The change trends of the RHD-related disease burden at the global level and in different SDI regions. (A) The ASPRs from 1990 to 2030. (B) The
ASIRs from 1990 to 2019. (C) The ASMRs from 1990 to 2030. (D) The ASPRs of HF from 1990 to 2030. (E) The EAPCs in ASPR between
1990-2019 and 2020-2030. (F) The EAPCs in ASIR between 1990 and 2019. (G) The EAPCs in ASMR between 1990-2019 and 2020-2030.

(H) The EAPCs in ASPRs of HF between 1990-2019 and 2020-2030. RHD, rheumatic heart disease; SDI, sociodemographic index; ASPRs,
age-standardized prevalence rates; ASIRs, age-standardized incidence rates; ASMRs, age-standardized mortality rates; HF, heart failure; EAPCs,
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The changes in rheumatic heart
disease burden from 2020 to 2030 in
different sociodemographic index
regions

To assist in tailoring targeted preventive strategies for
different areas, we further analyzed the RHD burden in five
SDI regions. The results showed that the ASPR of RHD in low-
middle and high SDI regions will increase from 2020 to 2030,
while other SDI regions will experience a steady and significant
decline (Figures 1A,E and Table 1). By 2030, the highest ASPR
was expected to be observed in the low SDI region among five
SDI regions; on the contrary, the lowest ASPR will be in the high
SDI region (Figure 1A). Therefore, the RHD-related prevalence
rate in developing regions will still be intense; the uptrend in
developed regions will also merit concerns. Due to a lack of data,
we could not project the future changes in incidence burden.
The trend in ASIR of RHD was consistent with the trend of
ASPR in the past (Figures 1B,F and Supplementary Table 4).
Regarding the mortality burden, ASMR will decline in all SDI
regions in the forecast period (Figures 1C,G). At the end of
the study period, the highest ASMR will be in the low-middle
SDI region, followed by the low SDI region (Figure 1C). When
considering HE, the major complication of RHD, the ASPR of
HEF was projected to increase dramatically in the high-middle
SDI region in the following decade, reaching 28.82 (95% CI,
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22.72-34.93) per 100,000 individuals in 2030 (Figures 1D,H
and Supplementary Table 6). Therefore, the ASPR of HF in the
high-middle SDI region will tend to surpass that in the middle
SDI area and rank first (Figure 1D). In contrast, the ASPR of HF
in other SDI regions will experience a steady decline from 2020
to 2030 (Figures 1D,H). Moreover, the ASPR of HF will decline
much faster in the high SDI region than in middle, low-middle,
and low SDI areas (Figure 1H).

The changes in rheumatic heart
disease burden from 2020 to 2030 in
different geographic regions

Based on the epidemiologic data in 21 GBD regions, the
ASPR of RHD will increase in 18 GBD regions from 2020 to
2030, with the fastest increase rate in Australasia (EAPC = 1.01
[95% CI, 0.99-1.03]) (Figure 2A and Table 1). By 2030,
the highest ASPR will be in Central, Eastern, and Southern
Sub-Saharan Africa among 21 GBD regions (Supplementary
Figure 1A). The RHD-related ASIR followed a similar trend
as the ASPR in the past three decades (Figure 2B and
Supplementary Figure 1B). From 2020 to 2030, all GBD regions
were estimated to experience declines in ASMR, while the
slowest decrease rate will be in high-income North America
(EAPC = —0.82 [95% CI, —0.84 to —0.81]), followed by Eastern
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TABLE 1 The RHD-related ASPRs in 1990, 2020, and 2030, and their temporal trends from 1990 to 2019 and from 2020 to 2030.

1990 2020 2030 1990-2019 2020-2030

Characteristics ASPRs per 100, 000 ASPRs per 100, 000 ASPRs per 100, 000 EAPC of ASPRs EAPC of ASPRs
(95% UI) (95% CI) (95% CI) (95% CI) (95% CI)

Global 451.56 (363.35,552.54) 523.86 (511.92,535.81) 559.88 (452.19,667.58) 0.57 (0.50,0.63) 0.67 (0.66,0.68)
Sex
Female 501.56 (405.50,609.67) 582.20 (569.08,595.32) 631.51 (510.17,752.85) 0.55 (0.48,0.63) 0.82 (0.81,0.83)
Male 400.46 (321.44,492.36) 465.35 (454.84,475.86) 487.20 (394.83,579.58) 0.59 (0.53,0.65) 0.46 (0.45,0.47)
SDI
High SDI 82.93 (71.82,93.74) 72.51 (69.45,75.58) 74.38 (49.24,99.52) —0.27 (~0.41, —0.13) 0.25 (0.21,0.29)
High-middle SDI 289.23 (246.15,342.21) 274.56 (269.00,280.12) 272.22 (217.30,327.14) 0.00 (—0.13,0.13) —0.09 (—0.09, —0.08)
Middle SDI 501.87 (396.81,624.96) 500.87 (491.10,510.63) 500.46 (414.40,586.52) 0.11 (0.03,0.19) —0.01 (=0.01, —0.01)
Low-middle SDI 644.37 (503.97,805.80) 699.12 (681.18,717.06) 722.54 (578.21,866.86) 0.28 (0.25,0.31) 0.33 (0.33,0.34)
Low SDI 832.91 (648.55,1039.27) 889.00 (879.72,898.29) 862.32 (739.79,984.84) 0.30 (0.28,0.32) —0.30 (~0.31, —0.30)
Regions

High-income Asia Pacific
High-income North America
Western Europe

Australasia

Eastern Europe

Central Europe

Southern Latin America

East Asia

Central Asia

North Africa and Middle East
Southeast Asia

Southern Sub-Saharan Africa
Tropical Latin America
Andean Latin America
Caribbean

Central Latin America

South Asia

Central Sub-Saharan Africa
Oceania

Western Sub-Saharan Africa

Eastern Sub-Saharan Africa

49.45 (41.49,57.17)
123.49 (104.25,142.40)
55.18 (47.96,63.00)
61.01 (51.93,70.06)
215.61 (190.56,244.46)
144.04 (129.59,160.06)
469.70 (374.66,582.67)
441.29 (349.90,549.84)
590.89 (470.83,729.78)
368.81 (293.17,455.91)
274.88 (225.94,333.61)
1071.74 (835.28,1350.28)
899.05 (699.28,1119.15)
793.87 (615.64,992.80
747.85 (581.94,932.43
358.19 (287.12,435.28
623.88 (481.49,781.45
1184.76 (910.15,1512.89)
543.08 (430.73,690.95)
794.99 (618.33,1001.81)

)
)
)
)

1093.85 (849.57,1370.07)

35.01 (33.64,36.38)
112.41 (107.29,117.54)
40.70 (39.75,41.65)
51.32 (50.15,52.49)
133.72 (129.43,138.01)
93.45 (90.35,96.56)
490.51 (484.78,496.23)
388.17 (377.45,398.89)
628.40 (617.66,639.14)
394.27 (388.55,400.00)
287.17 (282.83,291.50)

1091.38 (1079.84,1102.92)

917.52 (908.95,926.09)
813.21 (804.31,822.12)
788.04 (779.19,796.88)
355.91 (352.05,359.78)
662.22 (631.56,692.88)

1196.93 (1184.56,1209.30)

587.12 (577.08,597.16)
839.98 (831.77,848.19)

1179.01 (1166.38,1191.64)

35.75 (22.83,48.66)
114.30 (80.36,148.24)
40.82 (31.92,49.71)
56.75 (43.77,69.72)
137.61 (95.11,180.10)
76.50 (55.50,97.49)
513.92 (437.16,590.68)
394.11 (301.95,486.27)
626.48 (522.89,730.07)
415.03 (347.83,482.23)
300.84 (249.08,352.60)
1093.31 (939.03,1247.59)
919.65 (799.92,1039.39)
815.35 (700.40,930.29)
795.44 (683.47,907.41)
370.99 (316.80,425.17)
666.98 (500.17,833.79)

1212.34 (1047.07,1377.60)

588.23 (470.59,705.86)
832.77 (721.05,944.48)

1187.93 (1015.00,1360.87)

—1.58 (—1.69, —1.46)
0.02 (—0.17,0.22)
—1.27 (—1.34, —1.20)
—0.76 (—0.92, —0.59)
—1.62 (—1.83, —1.41)
—1.29 (—1.40, —1.17)
0.15 (0.12,0.18)
—0.22 (—0.40, —0.04)
0.19 (0.17,0.21)
0.22 (0.16,0.27)
0.15 (0.11,0.19)
0.04 (0.03,0.06)
0.08 (0.07,0.09)
0.09 (0.06,0.11)
0.18 (0.18,0.18)
—0.07 (—0.14,0.00)
0.26 (0.21,0.31)
—0.03 (—0.05, —0.01)
0.34(0.27,0.41)
0.22 (0.19,0.24)
0.27 (0.25,0.28)

0.20 (0.20,0.21)
0.16 (0.14,0.19)
0.02 (0.01,0.03)
1.01 (0.99,1.03)
0.28 (0.24,0.32)
—1.98 (—1.99, —1.97)
0.47 (0.47,0.47)
0.15 (0.15,0.15)
—0.03 (—0.04, —0.02)
0.51 (0.51,0.52)
0.47 (0.46,0.48)
0.02 (0.02,0.02)
0.02 (0.02,0.02)
0.03 (0.02,0.03)
0.09 (0.09,0.10)
0.42 (0.41,0.42)
0.08 (0.07,0.09)
0.13 (0.12,0.13)
0.02 (0.02,0.02)
—0.09 (—0.09, —0.08)
0.08 (0.07,0.08)

RHD, rheumatic heart disease; ASPRs, age-standardized prevalence rates; EAPC, estimated annual percentage change; U, uncertainty interval; CI, confidence interval; SDI, sociodemographic index.
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Europe, Caribbean and Central Latin America (EAPC: —1.05
to —1.29) (Figure 2C and Supplementary Table 5). By 2030,
the highest ASMR was observed in Oceania and South Asia
(Supplementary Figure 1C). Regarding the ASPR of RHD-
associated HE rising trends were projected to be observed in 15
GBD regions (Figure 2D and Supplementary Table 6). By 2030,
the top ASPR of HF will be in East Asia, Oceania, and Western
Sub-Saharan Africa, while Eastern Sub-Saharan Africa, Tropical
Latin America, and Central Sub-Saharan Africa will have the
lowest (Supplementary Figure 1D).

The changes in rheumatic heart
disease burden from 2020 to 2030 in
different sexes

To identify the sex group that needs focused attention
regarding RHD burden, we further analyzed the sex differences
in RHD-related ASPR, ASMR, and ASPR of HF at the global
level and in different SDI regions. Globally, RHD-related
prevalence, death, and HF burden will remain higher in female
subjects than in male subjects by 2030 (Figures 3A,C,E), and
the gap between female and male subjects will further increase
from 2020 to 2030 (Supplementary Figures 2A-C). The ASPR
and ASMR showed a similar trend in female and male subjects
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from 2020 to 2030 (Supplementary Figures 3A,B). Regarding
the ASPR of HE, female subjects will sustain a rising trend in
the following decade, while male subjects will have a downward
trend. The increase in the ASPR of HF in female subjects will
result in a growth of HF ASPR global wide (Figure 1H and
Supplementary Figure 3C).

At the SDI levels, there will be a rising trend in ASPR
in female subjects in the majority of SDI regions, while the
declining trend will be in male subjects (Figure 3B and
Supplementary Figure 3A). The descending rate of ASMR in
female subjects will be slower than in male subjects in the low
SDI region from 2020 to 2030 (Figure 3D and Supplementary
Figure 3B). In 2030, the region with the highest ASPR of HF
in female subjects will shift from the middle region to the high-
middle SDI region, and the ASPR of HF in the high-middle SDI
region will keep an upward trend (Figure 3F).

The changes in rheumatic heart
disease burden from 2020 to 2030 in
different age groups

We further estimated the RHD-related burden in age groups

globally and in different SDI regions. Globally, the ASPR of
RHD will increase in the young population (10-54 age group)
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FIGURE 3

The change trends of the RHD-related disease burden by sex from 1990 to 2030. (A) The ASPRs from 1990 to 2030 at the global level by sex.
(B) The ASPRs at the global level and in different SDI regions by female (the left) and male (the right) subjects. (C) The ASMRs from 1990 to 2030
at the global level by sex. (D) The ASMRs from 1990 to 2030 at the global level and in different SDI regions by female (the left) and male (the
right) subjects. (E) The ASPRs of HF from 1990 to 2030 at the global level by sex. (F) The ASPRs of HF from 1990 to 2030 at the global level and
in different SDI regions by female (the left) and male (the right) subjects. RHD, rheumatic heart disease; ASPRs, age-standardized prevalence
rates; SDI, sociodemographic index; ASMRs, age-standardized mortality rates; HF, heart failure.

by 2030 (Figure 4A). The ASMR of RHD will decrease in all age observed in the elderly among all age groups (Figure 4A).
groups (Figure 4B). The ASPR of RHD-related HF will increase The ASMR of RHD will increase with age in all SDI regions.
in the elderly (55-84 age group) (Supplementary Figure 4). Simultaneously, the senior population will account for the

In different SDI regions, the highest ASPR of RHD will majority population for RHD-related death from 2020 to 2030
be in the 20-34 age group among all age groups, and it will (Figure 4B). For ASPR of RHD-related HE in low and low-
be mainly concentrated in low and low-middle SDI regions. middle regions, the highest ASPR of HF will be in the 65-
In the high SDI region, the highest ASPR of RHD will be 74 age group among all age groups, while in the high SDI

Frontiers in Cardiovascular Medicine 07 frontiersin.org


https://doi.org/10.3389/fcvm.2022.941917
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Hu et al.

FIGURE 4

1,500

ASPRs (per 100,000)
r=}
S
S

I3
=3
o

2,000

W
=}
o

ASPRs (per 100,000)
= -
- §
(-1

500

150

100

50

ASMRs (per 100,000)

250

200

150

100

ASMRSs (per 100,000)

50

10.3389/fcvm.2022.941917

Global High SDI High-middle SDI
2,000 2,000
1990 1990 1990
2019 2019 2019
~ 2030 ~ 2030 ~ 2030
1,500 1 1,500
1,000 1 1,000
/ \/ 500 1 500
’;’ ///—'\_ e
o = //
0 3 0
Middle SDI Low-middle SDI Low SDI
2,000 2,000
1990 1990 1990
2019 2019 2019
-~ 2030 -~ 2030 ~
1,500 1,500 » e
A
1,000 \ 1,000 \
\ | \
7
~ { \
4 N 500 / \
\\ / 500 \
\ \, \
- .y
0 T o ——
> Y & 3 > Y > o > ° o
N o5 , 55 N o5 2 b3 N 5 &S
& & N o § & N IR &
Global High SDI High-middle SDI
250 250
1990 1990 1990
2019 2019 2019
- 2030 200 1 — 2030 200 - 2030
150 1 150
§
100 1 | 100
50 1 50
0 i 0
Middle SDI Low-middle SDI Low SDI
250 250
1990 1990 1990
2019 2019 2019
~ 2030 200 1 - 2030 200 { . 5030
150 1 150
100 1 100
50 1 50
0 T 0 ‘=TT
> o * o > ° > o > Y o> Y
N > o o N > o 2 N i3 £
A £ & & N s & & N & F

The change trends of the RHD-related disease burden at the global level and in different SDI regions by age in 1990, 2019, and 2030. (A) The
ASPRs. (B) The ASMRs. RHD, rheumatic heart disease; SDI, sociodemographic index; ASPRs, age-standardized prevalence rates; ASMRs,
age-standardized mortality rates.

region, it will be in the 85 plus age group (Supplementary

Figure 4).

Discussion

Rheumatic heart disease remains the leading cause of severe
valvular heart disease, with significant regional disparities. Our

Frontiers in Cardiovascular Medicine

study is the first to project the RHD burden at global and
regional levels from 2020 to 2030. According to our analysis,
the ASPR of RHD and the ASPR of RHD-related HF will keep
increasing globally from 2020 to 2030, although the ASMR of
RHD will decline. Therefore, the global burden of RHD has not
been sufficiently controlled. It is urgent to implement effective
and precise strategies to control RHD and the related disease

burden based on demographic characteristics.
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Rheumatic heart disease results in immense medical and
economic burdens (19, 20). The cost of RHD treatment was
the highest among all cardiovascular diseases (averaged US $
4710.78) (21). According to the projection of our research,
the prevalence cases of RHD will exceed 48 million in 2030,
continuously leading to a substantial economic burden in
the near future. Premature mortality from RHD shortens
life expectations significantly. Meanwhile, RHD patients with
HF are more susceptible to infection, enhancing the risk
of developing infective endocarditis. Moreover, increased
antibiotic use in these patients raises the chance of enriching
drug-resistant bacteria. Simultaneously, clinical management
becomes more challenging when RHD progresses rapidly.
Therefore, more attention should be paid to preventing and
treating RHD and related diseases to alleviate the huge burden.

Our study indicates that the ASPR in the low SDI region will
decrease from 2020 to 2030. Over the past three decades, poor
sanitation, overcrowding, and limited access to healthcare have
resulted in the highest prevalence and a rising trend in the low
SDI area (19). Accordingly, extensive interventions to improve
the efficacy of the prevention and management of RHD have
been implemented in developing regions (22-26). In 2015, seven
priority actions were developed in Africa. These actions include
creating disease registers, ensuring the supply of benzathine
penicillin, improving access to reproductive health services
for female subjects, decentralizing technical expertise and
technology, establishing centers for essential cardiac surgery,
initiating national multi-sectoral RHD programmers, fostering
international partnerships, and have been implemented in a
large portion of African countries to eliminate RHD since then
(26). It has been reported that RHD in African nations, such
as Cameroon, Ethiopia, and Uganda, had significantly lower
prevalence rates after 2015 than those counted before 2015 (27).
These results indicate the success of the positive prevention
in reducing the prevalence of RHD. We here project that the
prevalence in the low SDI area will decrease from 2020 to 2030,
further remarking the necessity of preventive efforts. Notably,
our results suggest that the highest ASPR will last in the low SDI
region by 2030. Therefore, developing regions should further
strengthen prevention and management strategies to decrease
the prevalence of RHD.

Another key finding in this study is the downward
trend in ASPR of RHD in the high SDI area over the
past three decades will be reversed in the following decade.
In the past three decades, the prevalence of RHD in the
high SDI region has decreased mainly due to improvements
in the social environment and extensive use of penicillin.
However, diminishing alerts of physicians in the diagnosis
of RHD, lack of awareness about RHD prevention and
reduced compliance with penicillin treatment have also emerged
(28, 29). These issues have contributed to a rise in the
prevalence of RHD in developed regions in the recent decade
(30-35). Our study projects that the prevalence of RHD
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in developed regions will increase over the next decade if
effective interventions are not fulfilled in time. In this regard,
indigenous populations remain the primary concern (30, 36-
38), particularly for indigenous Australians, as the highest
incidence of RHD in the world was found in this population
(39). This situation could be associated with the following
facts. First, there is no uniform consensus in Australasia
on how to improve the primary prevention of RHD (40).
Second, there are disparities in diverse practices among various
indigenous populations, restricting their access to healthcare,
housing, and education (41-44). Third, previous health warning
campaigns have triggered resistance in indigenous populations
due to communication obstacles (44-46). Fourth, the ethnic
background and hereditary may facilitate the development of
RHD (47). These adverse rising trends in the high SDI area
might constitute a major obstacle for RHD prevention and
management. Therefore, effective measures should be fulfilled
as soon as possible to reverse this negative tendency even in
developed regions.

However, our study shows a decline in ASMR, with huge
variation across all SDI regions from 2020 to 2030. The ratio
of low SDI region to the high SDI region will be more
than seven times. This inequality is primarily attributable
to regional disparities in educational achievement and access
to healthcare (48). Access to cardiac surgical therapy in
developing regions is severely restricted due to the scarcity
of heart surgery equipment and healthcare workforces (49-
51), resulting in a much higher mortality rate in developing
regions than in developed regions. It is known that the
severity of valve lesions is the strongest predictor of mortality
(52). The capacity to diagnose valve lesions in the early
stage significantly varies and results in regional disparities in
mortality rates. In this regard, echocardiography has been a
cornerstone in screening programs to evaluate the prevalence
of RHD and the severity of valve lesions according to
multiple guidelines (53), since echocardiography could identify
individuals with RHD-related valvular lesions early, confirm
the severity of lesions and evaluate the prognosis to achieve
early control and management of RHD (54), even in patients
with RHD without overt clinical findings (subclinical carditis)
(55). Therefore, significant human and material resources,
additional capital investment, and extensive government efforts
are required in developing regions to further decrease mortality
(56, 57).

This study has several limitations. First, due to the nature of
the GBD study, the data quality varies greatly between countries
and regions. Our study utilized various modeling processes to
compensate for this limitation and presents metrics with 95%
Uls. Second, the RHD burden might be underestimated due
to insufficient RHD screening in many regions, especially in
low and low-middle SDI areas. Third, our study is conducted
at global and regional levels without further probing the
heterogeneity of endemic and non-endemic regions within
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countries. Fourth, the future changes in incidence burden could
not be projected due to a lack of data.

Conclusion

Rheumatic heart disease burden will still be serious in the
next decade, with significant regional variability. Except for
focusing on low and low-middle SDI regions with the highest
prevalence rate and death burden, it is still necessary to control
the rising trend in developed countries to avoid the resurgence
of the diseases. Female subjects need to be particularly cared for
in controlling RHD and appropriate policies and the inclination
of medical resources are needed. The highest prevalence is
concentrated in younger people among all age groups, while the
elderly will have the highest burden of death and heart failure.
To diminish the disease burden of RHD, precise and targeted
strategies to control the burden of RHD need to be developed
based on regional and population characteristics.
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