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Abstract

Background: Valvular heart disease (VHD), including both non-rheumatic valvular heart disease (NRVHD) and rheumatic valvular heart
disease (RVHD), is a major global health concern. Moreover, the progression of VHD to heart failure (HF) poses substantial clinical and
public health challenges. In light of the global population aging, alongside increasing cardiovascular risk factors, and the additional strain
imposed by the COVID-19 pandemic, a timely reassessment of the VHD-related HF burden is urgently needed. Using the most recent
data from the Global Burden of Disease (GBD) Study 2021, this study aimed to evaluate the distribution of VHD-related HF burden in
2021, examining the long-term trends from 1990 to 2021, and short-term changes between 2019 and 2021, to provide updated insights
to inform future prevention and management strategies. Methods: Using GBD 2021 data, we analyzed the distribution of VHD-related
HF burden in age-standardized prevalence rates across the Group of Twenty (G20) countries. Results: The highest NRVHD-related
HF burden in 2021 was observed in the United States (US), Italy, and Russia, while the highest RVHD-related HF burden was noted in
India, France, and China. Over the past 30 years (1990-2021), the NRVHD-related HF burden decreased in developed countries (e.g.,
the US, Canada, Japan) but increased in emerging economies (e.g., India, Brazil, South Africa), with significant increases also observed
in Argentina, Mexico, Brazil, among other countries. Notably, nearly all G20 countries exhibited a downward trend in RVHD-related
HF burden, with Germany and Australia being the exceptions. During the COVID-19 pandemic (2019-2021), the NRVHD-related HF
burden declined in most G20 nations, except for South Africa, India, and a few others, while the RVHD-related HF burden increased
slightly in countries such as Mexico, Russia, and Indonesia. Conclusions: Trends in NRVHD- and RVHD-related HF burden across G20
countries exhibited notable variations, and these became more pronounced under the impact of the COVID-19 pandemic. These findings
underscore the importance of developing long-term strategies to enhance the resilience of healthcare systems, improve chronic disease
management, and optimize resource allocation to promote cardiovascular health and preparedness for public health challenges.
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1. Introduction quate once HF develops. With the release of GBD 2021
data, which incorporates additional data and accounts for
the impact of the COVID-19 pandemic, reassessment is cru-
cial to inform targeted prevention and management strate-
gies. This study aims to provide updated insights into the
burden and trends of VHD-related HF across the Group
of Twenty (G20), analyzing long-term trends (1990-2021)
and short-term changes (2019-2021) to guide more targeted

prevention and management strategies.

Valvular heart disease (VHD), encompassing both
non-rheumatic valvular heart discase (NRVHD) and
rheumatic valvular heart disease (RVHD), remains a signif-
icant global health issue. The increasing burden of NRVHD
is largely driven by an aging population, improved health-
care, and longer life expectancy, contributing to a rise in re-
lated heart failure (HF). Despite advancements in medical
care, RVHD persists in low- and middle-income countries

and has even resurged in certain high-income nations [1].
According to the Global Burden of Disease Study (GBD)
2019, both NRVHD and RVHD affected millions globally,
with RVHD-related mortality being notably higher. As
global population aging, increasing cardiovascular risk fac-
tors, and the additional strain imposed by the COVID-19
pandemic, the progression of VHD to HF remains a critical
clinical challenge, with current treatments proving inade-

2. Methods

Based on previously published methods [1], this study
utilized data from the GBD 2021 to assess the burden of
VHD-related HF across G20 countries. VHD was cate-
gorized into RVHD and NRVHD based on the codes from
International Statistical Classification of Diseases and Re-
lated Health Problems (10th Revision), with RVHD cor-
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responding to 101-109.9 and NRVHD to 134-137.9. VHD-
related HF was defined as HF directly caused by valvular
abnormalities. VHD-related HF refers to HF that arises as
a direct consequence of valvular abnormalities, including
RVHD or NRVHD. These categories align with clinical-
diagnostic criteria outlined by the American College of Car-
diology/American Heart Association Joint Committeeon
Clinical Practice Guidelines. Similar to the study by Tang et
al. [2] on HF impairment in GBD-2019 study, in this study
data on HF impairment with RVHD and NRVHD was col-
lected from the GBD-2019 study according to the follow-
ing process: (i) Find the GBD Results tools (https://vizhub
.healthdata.org/gbd-results/); (ii) Select the “impairment”
option in the “GBD Estimate” box; (iii) Select the “heart
failure” option in the “Impairment” box, including treated
HF, mild HF, moderate HF and severe HF; (iv) Select both
the “Rheumatic heart disease” and “Non-rheumatic valvu-
lar heart disease” option in the “Cause” box. We analyzed
age-standardized prevalence rates (ASPRs) of VHD-related
HF for the years 1990, 2019, and 2021 across G20 coun-
tries, with data extracted from the GBD 2021 database.
To account for uncertainty, 95% uncertainty intervals were
generated based on 1000 draws. Temporal trends in AS-
PRs from 1990 to 2021 and short-term changes from 2019
to 2021 were assessed using estimated annual percentage
change, calculated via least squares linear regression. Data
analysis was performed using R (version 4.2.1, R Founda-
tion for Statistical Computing, Vienna, Austria) and Ori-
gin Pro 2024 (OriginLab Corporation, Northampton, MA,
USA).

3. Results
3.1 VHD-Related HF Burden in G20 Countries in 2021

As shown in Fig. 1 A and Supplementary Table 1, the
seven G20 countries with the highest NRVHD-related HF
burden in 2021 were the United States, Italy, Russia, Ar-
gentina, the United Kingdom, Germany, and Japan, with
ASPRs all greater than 50 per 100,000 person-years. The
United States had the highest burden at 101.86 per 100,000
person-years. In contrast, the seven countries with the
lowest burden were South Africa, India, Turkey, China,
Saudi Arabia, Indonesia, and Brazil, with ASPRs all less
than 30 per 100,000 person-years, with South Africa hav-
ing the lowest at 5.6 per 100,000 person-years. Compared
to the GBD-2019 data [1], the changes in 2021 were as
follows: (I) The NRVHD-related HF burden increased in
most G20 countries, particularly in Germany, France, Ar-
gentina, Brazil, and Mexico, with Argentina showing the
most significant increase; (II) Italy and China were among
the few countries where the burden decreased. Although
Italy’s burden declined, it remained relatively high. The
United States surpassed Italy to become the country with
the highest NRVHD-related HF burden.

Meanwhile, as shown in Fig. 1B and Supplemen-
tary Table 1, the highest RVHD-related HF burden among

the G20 countries in 2021 was observed in India, France,
China, South Africa, Italy, Australia, and Canada, all with
ASPRs exceeding 15 per 100,000 person-years. India had
the highest burden at 64.46 per 100,000 person-years. In
contrast, the countries with the lowest burden included the
United Kingdom, Russia, Saudi Arabia, Argentina, South
Korea, Mexico, and Japan, all with ASPRs below 7 per
100,000 person-years, with the United Kingdom reporting
the lowest at 4.52 per 100,000 person-years. Compared
to the updated GBD-2019 data [1], emerging economies
such as India, Brazil, Turkey, and Indonesia, along with
developed nations like France and Germany, experienced
an increase in RVHD-related HF burden. Notably, India
surpassed China to become the country with the highest
burden. Conversely, China, Italy, South Africa, and the
United Kingdom saw a decline, with China and Italy ex-
hibiting particularly significant reductions, although their
burden remained relatively high. These trends may be at-
tributed to both the persistence of existing RVHD burden
and the emergence of new cases. In regions such as In-
dia and South Africa, where rheumatic fever and strepto-
coccal infections remain prevalent, the limited availability
of preventive measures and early diagnostic resources, par-
ticularly in rural and resource-constrained areas, could be
contributing factors.

3.2 Long-Term Changes (1990-2021) in VHD-Related HF
Burden Among G20 Countries

As illustrated in Fig. 2A and Supplementary Table
2, over the past 30 years, the burden of NRVHD-related
HF generally declined in developed countries, including the
United States, Canada, the United Kingdom, France, Italy,
Germany, Japan, and South Korea. In contrast, emerg-
ing economies such as India, Brazil, Mexico, Indonesia,
Russia, and South Africa experienced an increasing trend.
The most significant rises in burden occurred in Argentina,
Mexico, Brazil, Indonesia, South Africa, Russia, and India,
with increases exceeding 10%. Conversely, South Korea,
France, Canada, Japan, Italy, Australia, and China saw the
most substantial reductions, each surpassing 20%.

Similarly, as depicted in Fig. 2B and Supplemen-
tary Table 2, the burden of RVHD-related HF exhibited
a downward trend across nearly all G20 countries. The
most notable reductions were recorded in Mexico, Russia,
Argentina, Saudi Arabia, the United Kingdom, Brazil, the
United States, Indonesia, China, Japan, and South Africa,
with declines exceeding 25%. This progress was largely
attributed to advancements in prevention and management
of rheumatic heart disease, including early antibiotic treat-
ment for streptococcal infections, improved sanitation, and
measures to prevent recurrent rheumatic fever. Notably,
Germany and Australia were the only two G20 countries
where the RVHD-related HF burden increased over this pe-
riod, with Germany experiencing the most significant rise-
approximately six times that of Australia. This trend was
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Fig. 1. The ASPRs of NRVHD- and RVHD-related HF burden among G20 countries in 2021. (A) The ASPRs of NRVHD-related
HF burden among G20 countries in 2021. (B) The ASPRs of RVHD-related HF burden among G20 countries in 2021. Note: ASPRs,

age-standardized prevalence rates; NRVHD, non-rheumatic valvular heart disease; RVHD, rheumatic valvular heart disease; HF, heart

failure; G20, the Group of Twenty.

likely linked to a rising RVHD burden in specific regions
or high-risk populations, such as immigrant communities
[3,4]. A similar pattern was observed in other European
countries with relatively lenient immigration policies, in-
cluding France and Italy [5].
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3.3 Short-Term Changes (2019-2021) in VHD-Related HF
Burden Among G20 Countries

During the COVID-19 pandemic, changes in the
VHD-related HF burden across G20 countries varied signif-
icantly. The key findings were as follows: (I) As shown in
Fig. 2C and Supplementary Table 2, the NRVHD-related
HF burden declined in most countries, except for South
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Fig. 2. The long-term (1990-2021) and short-term (2019-2021) Changes on ASPRs of NRVHD- and RVHD-related HF burden
among G20 countries. (A) The long-term (1990-2021) Changes on ASPRs of NRVHD-related HF burden among G20 countries. (B)
The long-term (1990-2021) Changes on ASPRs of RVHD-related HF burden among G20 countries. (C) The short-term (2019-2021)
Changes on ASPRs of NRVHD-related HF burden among G20 countries. (D) The short-term (2019-2021) Changes on ASPRs of
RVHD-related HF burden among G20 countries. Note: ASPRs, age-standardized prevalence rates; NRVHD, non-rheumatic valvular
heart disease; RVHD, rheumatic valvular heart disease; HF, heart failure; G20, the Group of Twenty.

Africa, India, Canada, Italy, Indonesia, and Japan. No-
tably, China and the United States experienced the most
significant reductions, followed by Brazil and the United
Kingdom. In contrast, South Africa recorded the largest in-
crease. (II) As shown in Fig. 2D and Supplementary Ta-
ble 2, the RVHD-related HF burden slightly increased in
some countries during the pandemic, particularly in Mex-
ico, Russia, Indonesia, Turkey, and China. However, in
other countries, this burden declined, with Germany experi-
encing the most significant reduction, followed by Canada,
France, and Italy.

4. Discussion

In contrast to the long-term trends, short-term trends
revealed a mix of continuations and reversals. The follow-
ing phenomena were observed:

4.1 20192021 Changes in Countries With Decreased
NRVHD- and RVHD-Related HF Burden Based on
GBD-2019 Data

From 1990 to 2019, countries like the United States,
Canada, China, Japan, South Korea, the United Kingdom,
France, Italy, and Turkey saw decreases in both NRVHD
and RVHD-related HF burden. However, between 2019
and 2021, the trends followed three main patterns: (A)
South Korea and France continued to experience reduc-
tions in both NRVHD and RVHD-related HF burden. De-

spite the challenges posed by the COVID-19 pandemic,
their cardiovascular disease prevention and treatment sys-
tems remained resilient, demonstrating the effectiveness of
their heart health strategies. Korea’s success in manag-
ing the COVID-19 pandemic can be attributed to its long-
term investment in public health infrastructure, its abil-
ity to adapt based on past experiences, and its strong fi-
nancing mechanisms [6,7]. Unlike South Korea, France
implemented the “France Relance Recovery Plan” during
the COVID-19 epidemic, aiming to strengthen prevention
[8]. Recent study by Minka et al. [8] reported that the
HF incidence in France did decrease during the pandemic
[9]. (B) Japan, Canada, and Italy saw continued declines
in RVHD-related HF burden but an increase in NRVHD-
related HF burden, reflecting the negative impact of the
pandemic on chronic disease management, despite being
developed nations. During the pandemic, the implemen-
tation of public health measures against COVID-19 inad-
vertently contributed to a reduced incidence of rheumatic
fever, thereby alleviating the burden of RVHD-related HF
[10]. On the other hand, although the HF treatment models
in Japan, Canada, and Italy differed, all experienced vary-
ing degrees of treatment disruption during the pandemic
[11,12], similarly due to public health control measures.
These included limited use of life-saving medications such
as sacubitril/valsartan [13] and delays in performing valve
surgeries [14], which contributed to an increased burden
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of NRVHD-related HF. (C) The United States, China, the
United Kingdom, and Turkey saw reductions in NRVHD-
related HF burden, but a slight rise in RVHD-related HF
burden. Notably, China and the United States experienced
the most significant reductions in NRVHD-related HF bur-
den among G20 countries, highlighting the effectiveness
of their public health policies during the pandemic, such
as China’s strict anti-contagion policies [15]. As coun-
tries with relatively well-developed healthcare systems and
abundant medical resources, China and the United States
were able to respond promptly to the COVID-19 pandemic.
Although routine management of chronic conditions re-
lated to NRVHD was delayed during the early stages of
the pandemic [16,17], these services were subsequently re-
stored. Both countries promptly adapted their HF manage-
ment strategies [ 18], ensuring continued access to evidence-
based medications such as sacubitril/valsartan and sodium-
glucose cotransporter 2 inhibitors [ 19]. Moreover, the pres-
ence of well-established telemedicine platforms and com-
munity support systems helped NRVHD patients maintain
essential care during the pandemic [20]. However, due
to the substantial reallocation of medical resources toward
combating COVID-19, the management of RVHD was ad-
versely affected. In addition, existing RVHD patients faced
an increased risk of HF readmission following COVID-
19 infection, further contributing to the burden of RVHD-
related HF [1,21].

4.2 2019-2021 Changes in Countries With Decreased
NRVHD- and Increased RVHD-Related HF Burden Based
on GBD-2019 Data

Between 1990 and 2019, both Germany and Aus-
tralia experienced a decrease in NRVHD-related HF bur-
den, while RVHD-related HF burden increased. However,
from 2019 to 2021, the NRVHD-related HF burden con-
tinued to decline (or remained relatively stable), while the
RVHD-related HF burden also decreased. These trends in-
dicate that the healthcare systems in both countries demon-
strated remarkable adaptability and effective strategies in
responding to public health emergencies, successfully real-
locating resources to reduce the burden of chronic diseases.

In the case of Germany, several key factors con-
tributed to this positive outcome. First, Germany made
significant strides in managing non-rheumatic HF, partic-
ularly by addressing high-risk factors such as hyperten-
sion and diabetes. These advancements were driven by
improvements in healthcare infrastructure, disease preven-
tion programs (including better management of HF risk fac-
tors), and more effective treatment outcomes. Over the past
30 years, Germany has seen an increase in aortic and mi-
tral valve surgeries, facilitated by technological advance-
ments, greater accessibility, and improved patient progno-
sis [22-24], clearly outperforming France [25]. Even dur-
ing the pandemic, although valve surgeries were delayed
in the initial phase, the delay was less significant during
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the second wave of COVID-19 [26]. Furthermore, Ger-
many’s reduction in RVHD-related HF burden during the
pandemic reflects the country’s strong healthcare capacity
to manage rheumatic HF. In the early stages of the pan-
demic, treatment options for HF-such as pharmacotherapy,
cardiac resynchronization therapy, and valve surgeries-
remained largely unaffected [27]. While the pandemic tem-
porarily disrupted the prescription and implementation of
new HF medications, Germany quickly adopted the com-
bined treatment of sacubitril/valsartan and Sodium-glucose
Cotransporter-2 Inhibitors after the European Society of
Cardiology released updated guidelines. This rapid adap-
tation underscores the critical importance of promoting
guideline-directed HF management and bolstering health-
care system resilience during public health crises [28]. Ger-
many’s success in managing the VHD-related HF burden
offered valuable lessons for other countries.

Additionally, like South Africa, Australia developed
its own national guidelines for RVHD control in response
to the rising burden of RVHD [29].

4.3 2019-2021 Changes in Countries With Increased
NRVHD- and Decreased RVHD-Related HF Burden based
on GBD-2019 Data

Between 1990 and 2019, countries such as Mexico,
Brazil, Argentina, Indonesia, India, the Russian Federation,
South Africa, and Saudi Arabia saw an increase in NRVHD-
related HF burden and a decrease in RVHD-related HF bur-
den. However, from 2019 to 2021, the burden trends fol-
lowed three key shifts: (A) Mexico, Brazil, and Russia ex-
perienced a reversal, with NRVHD-related HF burden de-
creasing and RVHD-related HF burden increasing, likely
due to pandemic-induced healthcare challenges. It is also
worth noting that from 1990 to 2021, Germany saw a sig-
nificant increase in RVHD-related HF burden, making it
the G20 country with the largest rise, while Mexico expe-
rienced the most substantial reduction. However, this trend
reversed between 2019 and 2021. The increase in RVHD-
related HF burden in Germany from 1990 to 2021 can be at-
tributed to the growing burden of RVHD among potentially
high-risk populations, such as immigrant groups. A simi-
lar trend has also been observed in other European coun-
tries, including France and Italy [1]. In contrast, the re-
duction in RVHD-related heart failure burden in Mexico,
Brazil, and across Latin America can be attributed to sev-
eral key factors: (1) the active implementation of preven-
tion and screening programs [30], which achieved higher
coverage rates, thereby contributing to a decline in RVHD
incidence [31]; (2) phenotypic studies of acute HF in Latin
America, which identified VHD as the second leading cause
of acute HF hospitalization, following coronary artery dis-
ease. A relatively high proportion of HF patients had re-
ceived guideline-directed therapy [32]; and (3) RVHD con-
tinued to be the leading etiology for valvular surgery in the
region [33], with valvular intervention practices becoming
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more standardized and making notable progress [34]. Sim-
ilar experiences had been reported in Russia [35,36]. South
American countries, such as Mexico and Brazil, must ur-
gently adopt more effective policies and resource alloca-
tion strategies, drawing on the experiences of Germany’s
healthcare system, to effectively tackle the dual challenges
posed by chronic diseases and public health emergencies
[37]. (B) In Argentina and Saudi Arabia, the RVHD-related
HF burden continued to decrease, while NRVHD-related
HF burden saw a brief decline, indicating a shift toward
NRVHD-related HF burden. As the population ages of the
two countries, the incidence of NRVHD has been steadily
increasing, further exacerbating the burden [38,39]. (C)
South Africa, Indonesia and India witnessed an increased
NRVHD-related HF burden alongside a rise or no change
in RVHD-related HF burden, reflecting the dual challenge
of rising non-communicable disease burden and inadequate
control of infectious disease-related HF [40,41].

5. Limitations

One important limitation of this study was that the
GBD database did not provide detailed information on spe-
cific types or severity of VHD (e.g., calcific aortic steno-
sis vs. rheumatic mitral stenosis), nor did it allow differ-
entiation between cases where valvular pathology was the
primary cause of HF and those where it was a comorbid
condition. Moreover, not all individuals with VHD devel-
oped HF, and HF itself could result from a wide range of
non-valvular causes. Therefore, the findings should be in-
terpreted as reflecting population-level burden and associa-
tions, rather than direct causal relationships between VHD
and HF. Another limitation was that, due to variability in
healthcare infrastructure, diagnostic capacity, and access
to medical care across countries, observed differences in
valvular heart disease burden may have partially reflected
disparities in disease recognition and reporting, rather than
true epidemiological differences. As such, interpretations
should have been made with caution and were, to some ex-
tent, speculative.

6. Conclusions

This study provides updated and comprehensive in-
sights into the evolving burden of VHD-related HF across
G20 countries, utilizing the latest GBD 2021 data. Our
findings revealed the trends in NRVHD- and RVHD-related
HF burden across G20 countries exhibited notable varia-
tions, and these became more pronounced under the im-
pact of the COVID-19 pandemic. The data underscore the
urgent need for country-specific strategies. For countries
with persistently high or rising NRVHD-related HF burden,
especially in the context of aging populations, proactive
strategies focused on early detection, risk factor control,
and equitable healthcare access are essential. In contrast,
countries where RVHD remains a concern require context-
specific approaches. In some countries, the RVHD-related

HF burden largely reflected a legacy of previously diag-
nosed cases, calling for continued long-term management
and surveillance to prevent complications. In others, the
RVHD burden is driven by ongoing new cases, emphasiz-
ing the urgent need to strengthen primary prevention strate-
gies, including rheumatic fever control, early detection, and
timely antibiotic prophylaxis in vulnerable populations.

The pandemic further highlighted disparities in health-
care system resilience. Countries that managed to stabilize
or reduce the VHD-related HF burden during this period of-
ten benefited from robust chronic disease management sys-
tems, well-developed healthcare infrastructure, and timely
public health interventions. Their successful experiences
provided valuable insights and warranted broader dissem-
ination. These findings emphasized the need for sustained
investments in strengthening health systems, maintaining
continuity of care for chronic conditions, and developing
adaptable response mechanisms to better cope with future
public health emergencies.

Overall, the data highlight the recent changes in the
burden of VHD-related HF across G20 countries and the
impact of the COVID-19 pandemic. The findings empha-
size the significant role of chronic disease management,
healthcare resource allocation, and public health policies
in addressing these health challenges. Additionally, they
provide important insights for the ongoing management of
VHD-related HF burden in the post-pandemic era.
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