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Abstract

Background Heart failure (HF) continues to be a public health issue in China with population aging and increasing
disease drivers. The burden, spatial patterns, temporal trends, and underlying causes of HF in China at subnational lev-
els remain inadequately understood. This study aims to assess the disease burden and causes of HF, and their regional
disparities in China from 1990 to 2023.

Methods Utilizing the estimates from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2023,
we assessed the prevalence and years lived with disability (YLDs) of HF and their trends in China at both national
and subnational levels. Estimates were also compared by disease severity, sex, age group, cause, and region.

Results In 2023, China had an estimated 14.3 million HF cases, marking a significant 208.4% increase over the past
three decades. Ischemic heart disease (IHD) has become the top cause of HF, compared with 1990, with hypertensive
heart disease (HHD) at the top. Alongside chronic obstructive pulmonary disease (COPD), these three leading causes
accounted for 77.4% of all HF cases. The burden of HF due to IHD and COPD exhibited distinct regional patterns

and substantial disparities: regions in northern China exhibited notably higher age-standardized YLDs rates for HF due
to IHD, while provinces in the western regions faced the highest burden from COPD. Six provinces with the highest
tertile of YLDs rates in 2023 also experienced the most pronounced increases between 1990 and 2023.

Conclusions HF remains a significant public health challenge in China, with a marked increase in prevalence
over the past three decades. The substantial regional variations highlight the need for targeted and region-specific
public health strategies. Enhanced nationwide efforts should be made to reduce the geographical disparities

in the burden of HF.
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Background

Heart failure (HF) is a complex clinical syndrome rep-
resenting the advanced stage of various heart diseases
and has become a major public health concern in China
and globally [1]. The Global Burden of Diseases, Inju-
ries, and Risk Factors Study (GBD) 2021 estimated that
over 55 million people were living with HF worldwide
in 2021 [2]. The overall prevalence of HF is expected to
increase substantially due to population aging, increas-
ing disease drivers, and the advances in medication and
treatment strategies that prolong the lives of individuals
with HF [3, 4]. Besides the high morbidity, mortality, and
readmission rate, as well as poor outcomes and quality
of life [5], HF also imposed a huge economic burden on
the healthcare systems and individuals. The overall health
expenditure was estimated at $108 billion in 2012 world-
wide [6], and the annual cost per capita for HF inpatients
in China amounted to $4406.8 [7]. In the past three
decades, China has experienced nearly one-third of the
global increase in patients with HF [8]. Meanwhile, the
increasingly prevailing cardiovascular risk factors and
an aging population signal an impending HF epidemic
in China and its provinces [9]. Therefore, it is essential to
understand the epidemiological pattern of HF to guide
the development and implementation of evidence-based
prevention and management strategies. Moreover, China
has launched the Healthy China 2030 health policy to
strengthen the prevention and control of cardiovascu-
lar diseases (CVDs), aiming at reducing CVD mortality
in China by 190.7 per 100,000 population by the year
2030 [10]. Timely and precise estimation of HF burden in
China is crucial to guide the government to improve the
prevention and treatment of HF, therefore reducing CVD
mortality and achieving the Healthy China 2030 target.

HF is the common final pathway of most CVDs, mak-
ing it essential to understand its underlying causes.
Although most CVDs share common risk factors, treat-
ment and management strategies differ based on specific
causes [11]. Identifying HF causes in China can inform
effective public health and clinical intervention strate-
gies, improving management and prognosis. Accurately
estimating HF burden and trends by cause is fundamen-
tal for supporting tailored health policy development and
enhancing cardiovascular health nationwide.

Previous studies have estimated the global burden of
HE, including China [2, 8], while geographic variations
of HF burden across provinces in China remain unclear.
Moreover, GBD 2017 identified that ischemic heart dis-
ease (IHD), hypertensive heart disease (HHD), and
chronic obstructive pulmonary disease (COPD) were the
top three global causes of HF, accounting for almost 75%
of the age-standardized prevalence rate (ASPR) of HF
[8]. However, a systematic analysis of sociodemographic
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distributions and causes of HF across provinces in China
has not yet been conducted. Analyzing HF causes at
subnational levels could guide region-specific targeted
policies and interventions to prevent these causes from
progressing into HF.

In this study, we extracted data from GBD 2023 to ana-
lyze the prevalence and disability burden of HF in China
and its provinces from 1990 to 2023. We aimed to inform
government policymaking by identifying the main cause
of HF and priority regions for prevention and manage-
ment, thereby guiding the medical resource allocations,
improving regional performance, and promoting health

equity.

Methods

Overview

We followed the analytic framework of the GBD study,
as extensively detailed elsewhere [12]. Briefly, the GBD
2023 study consolidated global data on incidence, preva-
lence, and mortality to provide systematic and up-to-date
assessments of the fatal and nonfatal health loss for 375
diseases and injuries in 204 countries and territories from
1990 to 2023. The study metrics of HF in China encom-
passed prevalence numbers, all-age rates, age-stand-
ardized rates, and years lived with disability (YLDs) for
overall HF and varied causes. Our analysis utilized data
from subnational estimates from GBD 2023, covering 31
mainland provinces, autonomous regions, municipali-
ties, and the Hong Kong and Macao Special Administra-
tive Regions (SAR) of China. The localized assessment
of disease burden in China constituted an essential part
of the GBD initiative, offering comprehensive and com-
parative estimates of health and health loss at national
and provincial levels [12], Employing Disease Modelling
Meta-Regression version 2.1 (DisModMR 2.1), a Bayes-
ian meta-regression tool, GBD 2023 integrated data on
HF incidence, prevalence, remission, and mortality, yield-
ing consistent estimations for different demographic
groups and years. This study adheres to the Guidelines
for Accurate and Transparent Health Estimates Report-
ing (GATHER) statement [13].

Definitions

The GBD study defined HF cases according to a clini-
cal diagnosis of HF using structured criteria such as the
Framingham or European Society of Cardiology crite-
ria. This definition could capture the American College
of Cardiology/American Heart Association Stage C and
D, consisting of both patients who have been diagnosed
with HF but are currently asymptomatic and those who
are currently symptomatic [1]. To estimate YLDs, HF was
further categorized into 4 severity levels: treated, mild,
moderate, and severe HF (Additional file 1: Table S1).
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The methods for severity distribution and estimation of
disability weights have been described elsewhere [12].
Diseases causally linked to HF were identified based on
a literature review, including rheumatic heart disease
(RHD), IHD, HHD, COPD, and the other 36 causes. A
full list of causes and their corresponding International
Classification of Diseases (ICDs) codes can be found in
the Additional file 1: Table S2. The primary data sources
on non-fatal estimates of HF in China were derived from
systematic reviews of national surveys, published litera-
ture, and registries. These data sources were obtained
from the Global Health Data Exchange website (https://
ghdx.healthdata.org/) [14-20].

Statistical analysis

We analyzed the prevalence, YLDs, and 40 underly-
ing causes of HF in 1990 and 2023, examining trends
across China and its provinces. Comparisons were
made with the global average and members of the
Group of 20, excluding the European Union (G20,
an international economic cooperation forum com-
posed of 20 major economies). We calculated the esti-
mated annual percentage change (EAPC) to quantify
the temporal trends in HF burden from 1990 to 2023
with a linear regression model: y = o 4 Bx + ¢, where
y represents the In (age-standardized rate), x is the cal-
endar year, and ¢ is the error term. The EAPC was cal-
culated as EAPC = 100 x [exp (B) — 1]. Considering the
uncertainty in GBD estimates, we calculated the 95%
uncertainty intervals (Uls) of EAPC using Monte Carlo
simulation analysis. Random draws of 1000 samples were
obtained from the distributions of age-standardized
rates for HF prevalence or YLDs rates, and an EAPC was
determined for each draw. The 95% Uls represented the
2.5th and 97.5th percentiles of the ordered EAPC esti-
mates, offering a robust measure of variability. The final
estimates were the mean estimates across 1000 draws.
A statistically increasing trend of age-standardized rate
occurs when both 95% UI limits exceed 0; a decreasing
trend when both limits of the 95% Uls are below 0; and
a constant trend when the 95% Uls contain 0, indicating
no significant change over time. We assessed the contri-
bution of each underlying cause to the total HF burden
and compared rankings based on prevalence and YLDs
between 1990 and 2023. Estimates were presented as
absolute numbers, all-age rates, and age-standardized
rates per 100,000 population (with 95% Uls) by disease
severity, age, sex, year, cause, and location. Age-standard-
ized rates of estimates were calculated by using the GBD
world standard population, with 95% Uls derived from
the 2.5th and 97.5th percentile values across 250 draws
from the estimate process. Compared with previous GBD
iterations, GBD 2023 reduced the number of draws from
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500 to 250 because simulation tests showed that this
reduction would not affect final estimate results and their
uncertainty [12]. YLDs were calculated by multiplying
the sequela-specific prevalence of HF by the correspond-
ing disability weights.

Provinces were further classified based on patterns of
HF disability burden increase, using a quadrant analysis
of EAPC and YLDs rates. We empirically calculated the
33rd and 66th percentiles (lower and upper terciles) as
cut-off points in both metrics to classify provinces into
nine categories. All analyses were performed using R
software (version 4.3.2).

Results

National level and compared with the G20

In 2023, there were 14.3 million (95% UI 12.3-16.4) HF
cases [prevalence rate 998.4 (95% UI 859.4—1145.2) per
100,000 population], of which 5.2 (95% UI 4.5-6.1) mil-
lion were treated HF, 2.7 million (95% UI 2.0-3.5) were
mild HF, 1.7 million (95% UI 1.3-2.3) were moderate
HF, 4.6 million (95% UI 3.9-5.4) were severe HF, and
1.4 million (95% UI 1.0-2.0) YLDs due to HF in China
(Additional file 1: Tables S3, S4). The number of preva-
lence cases for overall HF in China represented over
one-quarter of the global total [56.1 million (95% UI
50.0-62.3)] (https://vizhub.healthdata.org/gbd-results/).
The absolute number of HF cases in China increased by
208.4% (95% UI 188.5-224.4) and YLDs increased by
207.5% (95% UI 189.5-223.1) between 1990 and 2023
(Additional file 1: Tables S3, S4). In 2023, the ASPR of
HF ranked 11th among the G20 countries, at 677.0 (95%
UI 591.5-766.2) per 100,000 population, higher than the
global average of 641.3 (95% UI 573.9-708.6). From 1990
to 2023, the ASPR increased by 9.4% (95% Ul 4.1-14.1),
obviously surpassing the global increase of 2.7% (95% Ul
— 0.6 to 5.8). EAPC of the ASPR in China [0.30% (95%
UI 0.09-0.52)] was significantly higher than the global
average [0.09%, (95% UI — 0.08 to 0.28)]. In 2023, the
age-standardized YLDs rate of HF in China ranked 8th
among the G20 countries. The highest percentage change
of age-standardized YLDs rate was seen in India [10.2,
(95% UI 6.9-13.8)], followed by China [9.1, (95% UI 4.0~
13.7)] (Table 1).

Causes of HF

In 2023, IHD emerged as the primary cause of HF for
both sexes, exhibiting a significant increase in all-age
prevalence numbers, ASPR, as well as the proportions of
IHD among all underlying causes (Fig. 1; Additional file 1:
Tables S5-S9). HHD declined to become the second lead-
ing cause, while COPD and intracerebral hemorrhage
ascended to the third and fourth place. Congenital heart
anomalies declined to become the sixth cause, with the
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Table 1 Age-standardized prevalence and YLDs rate of heart failure in 2023, and their percentage changes and EAPC from 1990 to
2023, 19 member countries of the G20 (the 20th member is the European Union), and the world

Location Prevalence YLDs

ASR [per 100,000 Percentage change EAPC [% (95% UI)] ASR [per 100,000 Percentage change  EAPC [% (95% UI)]

population (95% Ul)]  (95% UI) population (95% Ul)] (95% UI)
Argentina 715.3 (626.0-815.6) —256(-326t0—17.6)* —089(-1.1 60.9 (42.3-82.7) —185 (- 265t0 - 10.9)* - 0.62 (- 1.24 t0 0.03)

to—0.57)*

Australia 7935 (706.7-875.1) —23(-1141084) —035(-0.56t0—0.11)* 744 (51.3-103.7) —-19(-123t09.1) —034(-0991t00.38)
Brazil 695.2 (623.2-765.3) —145(-214t0—-79)* —045(-065to—0.23)*61.2 (42.2-85.5) -79(-143t0—-25* —-0.23(-085t0042)
Canada 900.4 (779.4-1032.0) 0.7 (-80t09.4) —008(-032t00.17)  84.5(57.9-118.6) 16(-78t011.6) —0.05 (- 0.72 t0 0.66)
China 677.0 (591.5-766.2) 4 (41-14.0)% 0.30 (0.09-0.52)* 66.0 (45.6-93.2) 9.1 (40-13.7)* 0.26 (- 0.38 t0 0.96)
France 1137.8(990.2-12874) 35(-221t010.3) —0.14(-033t00.07) 1087 (75.3-155.7) 38(=30to11.1) —0.11 (- 0.76 t0 0.59)
Germany 697.4 (609.3-790.4) 0(-191t0 106) 0.58 (0.38-0.80)* 654 (454-93.9) 39(-3.0t0109) 0.58 (- 0.07t0 1.27)
Global 641.3 (573.9-708.6) 7(-06t05.8) 0.09 (- 0.08 to 0.28) 61.0 (42.1-86.1) 34 (0-6.6) 0.10 (- 0.53t0 0.78)
India 4919 (438.6-548.8) 7 (55-12.1)% 0.28 (0.10-0.46)* 46.0 (31.8-65.3) 10.2 (6.9-13.8)* 0.32 (- 0320 1.00)
Indonesia 534.0 (474.6-602.9) 2(03-8.2)* 0.12 (- 0.08t0 0.32) 524 (36.0-73.0) 43(0.2-84)* 11(-052100.78)
Italy 710.8 (648.1-772.1) 08(-51106.5) 0.13 (- 0.02 t0 0.30) 66.6 (47.0-91.8) 04(-6.0106.3) 0.12 (- 04810 0.78)
Japan 454.7 (416.0-490.4) —-37(-841t005) -0.15(-030t00.02) 43.6(30.8-61.5) —40(-89t009) —0.17 (- 0.78 t0 0.50)
Mexico 587.8 (523.4-652.2) 6.9 (3.9-104)* 0.22 (0.05-0.40)* 552 (37.7-77.7) 72 (39-11.0* 0.20 (- 044 t0 0.88)
Republic of Korea  533.3 (480.6-594.2) 2(-331098) 0.25 (0.07-045)* 51.8 (36.2-73.6) -0.7(-69106.2) 11 (-051t00.77)
Russian Federation  650.1 (575.9-727.2) 0 (2.7-9.3)* 0.26 (0.06-0.48)* 61.0 (42.8-84.5) 43(0.2-7.6)* 0.19 (- 042 t0 0.84)
Saudi Arabia 7153 (626.1-811.7) 5(-12t0124) 21 (= 0.01t0 0.44) 66.5 (45.8-93.6) 55(=27t0127) 0.20 (- 04310 0.86)
South Africa 616.2 (538.7-695.2) 5(1.8-7.3)* 0.19 (- 0.04 to 0.42) 60.0 (40.9-84.4) 39 (0.6-6.8)* 0.15 (- 0510 0.86)
Turkey 7764 (675.6-866.4) 4(-511067) 0.14 (- 0.06 to 0.34) 73.0(51.8-102.2) -06(-71t054) 0.09 (- 05210 0.76)
United Kingdom 471.0 (413.6-528.7) 0(-24t043) 0.03(-0.181t0 0.24) 44.1 (30.5-63.0) 09(-241t042) 0.03 (- 0.631t00.72)
United States 864.3 (789.9-937.3) 5(-56107.0) —004(-019t00.13) 804 (56.4-111.0) 09(-51t075) —0.02 (- 0.62 to 0.64)

of America

*Indicates a significant increase or decrease. EAPC values are presented with two decimal places for greater clarity due to their relatively small magnitude

YLDs years lived with disability, Ul uncertainty interval, ASR age-standardized rate, EAPC estimated annual percentage change

ranks of rheumatic heart disease remaining unchanged
from 1990 to 2023 (Fig. 1). The collective proportion of
the leading 7 causes accounted for 90% of total HF cases
in 2023, underscoring their significant contribution to
the overall burden of HF (Additional file 1: Table S10).
A significant increase in the ASPR of HF attributed to
IHD, congenital heart anomalies, and other cardiomyo-
pathies was observed during the study period (Fig. 1).
Conversely, significant decreases were noted in the ASPR
associated with HHD, intracerebral hemorrhage, RHD,
and non-rheumatic degenerative mitral valve disease.
The changes in the ranks of prevalence cases and ASPR
for other causes were also shown in Fig. 1. In 2023, the
YLDs attributed to HF accounted for 11.90% of the YLDs
for CVDs, 2.77% of the YLDs for chronic respiratory
diseases, and 0.79% of the total YLDs from all causes of
morbidity in China (Table 2).

Age and sex differences

In 2023, the YLDs rate of HF in adults increased with
age in both sexes, with the primary cause varying across
different age groups. In children and adolescents, con-
genital heart anomalies ranked as the leading cause,

followed by other cardiomyopathies, collectively con-
stituting over 75% of HF burden within this age group.
In individuals aged 15-49 years, IHD and HHD rose in
rank to become the two leading causes. In individuals
aged 50 and above, IHD, HHD, and COPD emerged as
the top three causes (Fig. 2). In 2023, the overall prev-
alence and YLDs rate of HF in males was higher than
that in females, with sex disparities varying across dif-
ferent causes (Additional file 1: Figs. S1, S2).

Regional disparities

In 2023, marked heterogeneity was observed in the bur-
den of HF across provinces. The highest age-standard-
ized YLDs rates of HF were seen in Xinjiang, nearly 1.3
times the lowest province, Hong Kong SAR (Fig. 3a).
All-age prevalence and YLDs rates across provinces by
severity are shown in Additional file 1: Figs. S3, S4. Dis-
tinct spatial patterns were observed in the provincial dis-
tribution of age-standardized YLDs for HF attributed to
the 3 leading causes, namely IHD, HHD, and COPD. A
marked north—south disparity was observed in the age-
standardized YLDs rate for HF caused by IHD, which
was particularly higher in northern provinces such as
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Underlying causes 1990
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EAPC in numbers  EAPC in age-standardized
of all age prevalence prevalence rate per 100,000

|1 Hypertensive heart disease }\ -

2 Ischemic heart disease

i
—

|3 Congenital heart anomalies I\

I4 Chronic obstructive pulmonary disease Sag 4 Intracerebral hemorrhage
N ~
| |

|7 Non-rheumatic degenerative mitral valve disease

|5 Rheumatic heart disease } < 1
N R
6 Intracerebral hemorrhage ﬁé Congenital heart anomalies I I
| I
| |

|78 Other cardiomyopathy ]~ -~

9 Ischemic stroke

|lO Chronic kidney disease due to other and unspecified causes}\ .

\l

|14 Atrial fibrillation and flutter

Underlying causes 2023 cases population (95% UI)
1 Ischemic heart disease | l 5.16(4.78-5.57) || 152(1.16-191) ‘
2 Hypertensive heart disease I l 3.07(2.64-3.53) || —0.57(—0.97 to —0.14) ‘
3 Chronic obstructive pulmonary disease I I 3.55(3.03-4.07) H —0.28(—0.77 to 0.20) ‘
“ 2.79(2.18-3.41) ” —0.81(—1.37 to —0.20) }
5 Rheumatic heart disease 0.53(0.16-0.89) || —2.05(—2.38 to —1.72) ‘
0.71(0.39-1.06) ” 1.48(1.15-1.83) ‘
7 Non-rheumatic degenerative mitral valve disease | l 2.94(2.06-3.92) || —0.98(—1.80 to —0.16) ‘
8 Ischemic stroke H 441(3.72-5.12) H 0.56(—0.08 to 1.22) ‘
e ~t9 Other cardiomyopathy “ 3.85(3.46-4.26) “ 2.65(2.29-3.02) ‘
10 Atrial fibrillation and flutter I I 5.60(5.01-6.22) ” 0.75(0.19-1.33) ‘
11 Chronic kidney disease due to other and unspecified causes 2.77(2.33-3.20) “ 0.58(0.21-0.98) ‘

Fig. 1 Heart failure due to the top 10 underlying causes rankings by absolute number of prevalence cases in both sexes in China, 1990-2023.
Rankings represent the absolute number of prevalence cases. Heart failure due to underlying causes was ranked in 2023, with lines connecting
to their rank in 1990. The colors refer to the EAPC in underlying causes from 1990 to 2023: red is an increase in EAPC, green is no change, and blue

is a decrease. EAPC estimated annual percent change

Tianjin, Liaoning, and Heilongjiang, more than fourfold
that of the province with the lowest rate, Xizang (Fig. 3b).
Xizang, Hebei, Hunan, and Xinjiang had the high-
est burden of HF due to HHD (Fig. 3c). Western prov-
inces, especially Chongqing and Sichuan, had the highest
age-standardized YLDs rates for HF due to COPD, and
northern provinces had the lowest rates (Fig. 3d). Rank-
ings of underlying causes varied from the province, but
IHD, HHD, and COPD remained the top three leading
causes by age-standardized prevalence and YLDs rate in
most provinces, which contributed to more than 60.00%
of the total burdens of HF in those provinces (Additional
file 1: Figs. S5, S6). The proportion of CVD YLDs attrib-
utable to HF within the CVD YLDs rate exceeded 14.30%
in some eastern provinces, including Shanghai, Zhejiang,
and Hong Kong SAR (Table 2).

Our quadrant analysis revealed that six of the 11 prov-
inces with the highest burden of disability of HF in 2023
had also experienced the greatest increase between 1990
and 2023. These provinces included Liaoning, Heilongji-
ang, and Jilin in northeastern China, Sichuan and Chong-
qing in the southwest region, and Anhui in the central
part. In contrast, western border provinces (Xizang, Xin-
jiang) and southeastern coastal provinces (Guangdong,
Hainan, Fujian, and Macao SAR) exhibited the lowest
combined YLDs burdens, with the smallest increase in
YLDs burden from 1990 to 2023. The remaining prov-
inces were classified into other quadrants (Additional
file 1: Fig. S7).

Discussion

This study, using data from GBD, systematically depicted
the prevalence, YLDs, and underlying causes of HF from
1990 to 2023 in China on both national and subnational
scales. Our findings demonstrated that both the preva-
lence and YLDs rates of HF in China increased consist-
ently in the past three decades. HF in China maintained
a heavier burden compared to the global average level in
2023. IHD, HHD, and COPD were the top three causes
of HF in China in 2023. The burden of HF, as indicated
by YLDs rates, exhibited great heterogeneity across prov-
inces. Distinct geographical patterns hold the potential
for informing resource allocation and spatially targeted
strategy. Given the substantial and rapid aging of the
population, HF persists as an escalating public health
concern in China, warranting heightened attention and
resources.

Although the ASPRs and YLDs rates of China exceeded
the global average slightly, the absolute number of preva-
lence cases represented more than one-quarter of the
global total. In 2023, 14.3 million individuals were living
with heart failure in China. This estimate aligns closely
with findings from a study utilizing data from the China
Health Insurance Database, which reported a crude
prevalence rate of 1.18% among individuals aged 25
years and above in 2017, equating to an estimated 12.1
million patients [7]. The approximate estimation results
corroborate the precision and reliability of the estimates
derived from the GBD 2023 dataset. These data under-
score the immense burden of heart failure that China is
grappling with, emphasizing the critical need for targeted
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Table 2 Estimated percentage of YLDs rate from heart failure in YLDs rate from all level 2 causes and all-cause in GBD, China, and its

provinces in 2023 [% (95% Ul)]

Location CcVvD Chronic Other non- Diabetes Digestive Substance use  Neglected All causes
respiratory communicable and kidney diseases disorders tropical
diseases diseases diseases diseases and
malaria

China 11.90(9.69-14.27) 277 (1.90-3.69) 033 (0.24-0.43) 0.34(0.25-048)  0.26 (0.18-0.36) 01(0.01-0.02) 0 0.79 (0.66-0.92)
Anhui 12.72(10.30-15.36) 2.81(1.80-3.93)  0.37(0.27-0.52) 027 (0.18-0.38)  0.17(0.11-0.24) 01(0.01-001) 0 091 (0.76-1.09)
Beijing 12.50(9.92-15.04)  2.06 (1.29-3.06)  0.26 (0.19-0.34) 039(0.26-056)  0.31(0.21-043) 01(0.01-001) 0 0.76 (0.62-0.89)
Chongging 1207 (9.82-14.76) 461 (3.12-5.97)  0.27 (0.19-0.36) 0.36 (0.24-0.54)  0.29(0.19-042)  0.01(0.01-0.02) 0 0.84 (0.70-1.00)
Fujian 13.95(11.40-16.87) 2.79(1.98-3.75) 042 (0.31-0.56) 0.37(0.26-0.53)  0.33(0.23-047)  0.01(0.01-0.01) 0 0.70 (0.59-0.82)
Gansu 11.21(897-13.79)  3.34(2.23-448)  0.32(0.23-0.43) 0.35(0.24-0.50)  0.25(0.17-0.35)  0.01 (0.01-0.01) 0 0.75 (0.62-0.88)
Guangdong 13.61(11.00-16.21) 2.35(1.54-3.27) 041 (0.29-0.55) 036 (0.26-049)  0.27(0.18-0.37)  0.01(0.01-0.02) 0 0.61(0.51-0.69)
Guangxi 1250 (10.17-14.91) 2.80(1.92-3.84) 0.34(0.25-0.45) 044 (0.28-0.64) 0.32(0.22-044)  0.03(0.02-0.04) 0 0.82 (0.68-0.95)
Guizhou 10.14 (8.17-12.31) 333 (2.35-4.35)  0.34(0.24-0.46) 040(0.28-0.57)  039(0.27-0.56)  0.02 (0.02-0.03) 0 0.64 (0.54-0.76)
Hainan 86(9.72-13.99) 2.72(1.87-3.66) 0.37(0.26-0.51) 0.27 (0.19-0.38) 036 (0.25-0.51)  0.03(0.02-0.04) 0 0.69 (0.58-0.80)
Hebei 10.96 (8.74-1342) 1.23(0.78-1.98) 0.38(0.26-0.53) 0.25(0.17-0.34)  0.14(0.09-0.20)  0.02(0.01-0.03) 0 0.80 (0.67-0.95)
Heilongjiang 10.16 (8.13-12.11)  2.25(1.46-3.35)  0.20 (0.14-0.26) 0.18(0.12-0.27)  023(0.15-0.32)  0.01 (0.01-0.01) O 0.83 (0.67-0.97)
Henan 11.68(9.28-14.12)  2.03(1.31-2.99) 045 (0.31-0.62) 0.31(0.21-0.43) 6(0.10-0.22)  0.01(0.01-0.01) 0 0.84 (0.69-0.99)
Hong Kong SAR 1438 (11.49-17.38) 2.28(145-337)  0.17(0.12-0.25) 1.20 (0.80-1.80) 041 (0.28-0.59)  0.05(0.03-0.07) 0 0.80 (0.65-0.95)
Hubei 12.67 (10.08-15.44) 2.54(1.63-3.65)  0.30(0.21-0.40) 0.37(0.25-0.53)  0.21(0.14-0.31)  0.01(0.01-0.01) O 0.81(0.68-0.97)
Hunan 13.00 (10.60-15.72) 249 (1.63-3.56)  0.32(0.23-0.44) 045(030-064)  0.22(0.14-031)  0.01(0.01-0.02) 0 0.88 (0.72-1.04)
Inner Mongolia 10.19(8.03-12.38)  1.61(1.04-2.35)  0.25(0.19-0.33) 0.20(0.14-0.30)  0.20(0.13-0.28) ~ 0.01 (0.00-0.01) 0 0.73 (0.60-0.87)
Jiangsu 12.79(10.32-1543) 3.84(2.63-5.06) 0.32(0.23-0.44) 0.35(0.23-0.50) 029 (0.20-040)  0.01(0.01-0.01) 0 0.91 (0.76-1.06)
Jiangxi 11.91(9.72-1445) 2.78(1.92-3.73)  0.39(0.28-0.54) 046 (0.33-0.67)  0.31(0.21-043)  0.01(0.01-0.02) 0 0.74 (0.61-0.85)
Jilin 1047 (847-12.83) 1.57(0.96-2.46)  0.23(0.17-0.31) 025(0.17-0.36)  0.26 (0.18-0.37)  0.01 (0.01-0.01) 0 0.87 (0.70-1.02)
Liaoning 1039 (825-12.69) 1.97(1.24-3.02)  0.23 (0.17-0.30) 0.26(0.17-0.39)  0.28(0.18-0.39)  0.01(0.01-0.02) 0 0.89(0.72-1.07)
Macao SAR 11.19(8.98-13.32) 4.14(3.08-5.25)  0.30(0.22-0.40) 127 (0.86-1.80)  0.34(0.23-046)  0.09 (0.06-0.12) 0O 0.71 (0.60-0.82)
Ningxia 1061 (865-12.88) 2.26(149-3.23)  0.37(0.27-0.51) 0.30(020-042)  0.26(0.17-035)  0.01 (0.01-0.01) 0 0.64 (0.52-0.75)
Qinghai 9.27(761-11.33)  237(1.71-3.13)  0.32(0.23-044) 033(0.23-046)  0.29(0.20-040)  0.01 (0.01-0.02) 0 0.60 (0.50-0.70)
Shaanxi 10.79(8.72-13.20)  2.20(1.39-3.23)  0.32(0.23-0.44) 0.33(0.23-049) 022(0.14-031)  0.01(0.01-0.02) 0 0.79 (0.65-0.93)
Shandong 11.75(941-14.50) 267 (1.69-3.72)  0.35(0.26-0.47) 0.27 (0.19-041)  0.18(0.12-0.25)  0.01 (0.01-0.01) 0 0.89 (0.73-1.05)
Shanghai 14.81(11.89-18.05) 3.73(2.63-4.87) 0.24 (0.18-0.31) 0.57(0.38-081)  0.51(0.34-069)  0.02(0.01-0.02) 0 0.85 (0.70-0.99)
Shanxi 1051 (831-12.77)  2.50(1.60-3.73)  0.34(0.25-0.47) 024(0.17-035)  0.19(0.13-0.26)  0.01 (0.01-0.01) 0 0.81(0.66-0.95)
Sichuan 11.62 (9.28-14.06) 4.27 (3.10-5.65) 022 (0.16-0.31) 042 (0.29-062) 037(0.25-0.52)  0.02(0.02-0.03) 0 0.78 (0.64-0.90)
Tianjin 10.95 (864-13.31)  1.67(1.09-2.56)  0.30 (0.22-0.40) 0.26(0.18-0.38)  0.20(0.13-0.29)  0.01 (0.01-0.02) 0 0.85 (0.69-0.99)
Xizang 10.27 (8.45-12.30) 9(0.75-1.81)  0.44(0.30-0.59) 047(0.35-0.63) 049 (0.34-0.67)  0.00 (0.00-0.01) 0 0.48 (0.40-0.55)
Xinjiang 11.62(9.57-13.78)  1.95(1.35-2.60)  0.37 (0.25-0.54) 030(0.22-040)  0.16(0.11-0.22)  0.03 (0.02-0.04) 0 067 (0.57-0.79)
Yunnan 1024 (8.11-12.36)  3.60 (2.52-4.52)  0.26 (0.19-0.33) 0.36(0.25-0.53)  0.31(0.21-043)  0.02(0.01-0.02) 0 061 (0.51-0.72)
Zhejiang 1443 (11.54-17.62) 3.45(2.27-463) 0.29(0.22-0.38) 046 (0.31-0.69)  0.34(0.23-049)  0.01(0.01-0.02) 0 0.77 (0.64-0.91)

Percentage values are presented with two decimal places for greater clarity due to their relatively small magnitude. Ul uncertainty interval, YLDs years lived with
disability, SAR Special Administrative Regions, GBD Global Burden of Diseases, CVD cardiovascular diseases

interventions and robust healthcare strategies to address
this challenge.

We have observed a consistent increase in age-stand-
ardized HF prevalence rates and YLDs rates over the past
three decades. This upward trend might be attributed to
multiple factors. Firstly, the rising prevalence of risk fac-
tors such as hypertension [21], diabetes [22], obesity [23],
and dyslipidemia [24], among others, between 1990 and
2023, has resulted in a surge of cardiovascular diseases
like coronary heart disease [9], arrhythmias [25], and
valvular heart diseases [26]. Consequently, a portion of

these diseases inevitably progressed to HF [9]. Secondly,
advancements in medication and device therapies in
recent decades have substantially extended the life expec-
tancy of patients with HF. Since the 1990s, HF treatment
has evolved from short-term hemodynamic improve-
ment to long-term reparative strategies aimed at altering
the biological nature of the failing heart. This transition
has involved moving from inotropic, diuretic, and vaso-
dilator drugs to neurohormonal antagonists. Notably, the
advent of renin-angiotensin-aldosterone system inhibi-
tors [27-29], mineralocorticoid receptor antagonists
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Fig. 2 YLDs rates of heart failure due to 40 underlying causes by age group, 2023. YLDs years lived with disability

[30], beta blockers, and sodium-glucose cotransporter-2
inhibitors (SGLT2i) [31] is associated with a reduction
in the mortality rate of HF with decreased ejection frac-
tion. Furthermore, guideline-directed device therapies
such as implantable cardioverter-defibrillators and car-
diac resynchronization therapies have rapidly advanced,
been widely adopted in clinical practice, and significantly
improved the prognosis of HF patients [32]. Thirdly, con-
tinuous promotion of standardized HF care management
within the healthcare system [33] along with increased
health insurance coverage, has also contributed to better
HF prognosis. Anticipated is a continued increase in the
prevalence of heart failure cases in the future, driven by
the ongoing efforts of the healthcare system and the evo-
lution of treatment approaches.

There have been minor shifts in the ranking of ASPRs
by causes over the past three decades. CVD has consist-
ently remained the predominant cause of HF in China,
accounting for 80.1% in 1990 and rising to 84.8% in 2023
of all HF cases. Specifically, IHD, HHD, and intracerebral
hemorrhage emerged as the top three leading causes of
HF attributed to CVD in 2023. The prevalence rates for
HF attributed to atherosclerotic CVD, particularly IHD,
have witnessed a significant and rapid increase over the
past three decades. This surge can be largely attributed
to long-standing lifestyle and metabolic risk factors, and
exposure to air pollution and climate variations [34].
Despite a decrease in prevalence rates of HF associated
with HHD, hypertension remains prevalent in China,

with suboptimal blood pressure control among hyper-
tensive individuals when compared to high-income
countries [35]. Noteworthy progress has been made in
reducing HF prevalence rates due to RHD over the study
period, attributed to rapid socioeconomic developments
with substantial improvements in hygiene and living
conditions that have led to a decline in RHD incidence
[36]. The premature mortality burden of congenital heart
anomalies has decreased following the nationwide policy
implementation of newborn screening since 2009 [37].
While there has been a substantial decrease in preva-
lence rates of HF due to COPD from 1990 to 2023, COPD
remains a significant public health issue in China, with a
higher prevalence among individuals aged 40 years and
above compared to global estimates [38]. High smoking
rates among Chinese males, coupled with low aware-
ness of COPD and inadequate spirometry testing in the
general population, contribute to this concern [39]. Risk
control programs targeting reductions in ambient PM2.5
pollution and smoking have been initiated by the Chi-
nese government, but progress has been made only in
recent years [39-41]. These identified causes can serve as
a foundation for guiding HF prevention and control pri-
orities, influencing intervention strategies to combat the
burden of heart failure effectively.

Significant geographical disparities in age-standardized
YLDs rates and their leading causes persist across prov-
inces in China. Provinces with a high burden in 2023
and substantial increases over the past three decades,
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such as Liaoning, Jilin, Heilongjiang, Sichuan, Chong-
qing, and Anhui, face greater challenges in addressing
HF and should be prioritized by health policymakers.
The higher relative burden of heart failure, indicated by
the proportion of YLDs attributed to heart failure within
the overall YLDs for CVDs, in eastern provinces such as
Shanghai, Zhejiang, and Hong Kong SAR, underscores
the need for improved treatment and management of
CVDs in these regions to delay the progression to heart
failure. In line with our results, similar research revealed
regional differences in HF in China. A nationwide rep-
resentative survey across China in 2000 reported that
the prevalence of HF was higher in the northern than
in southern China [17]. Findings from the China Health
Insurance Database also showed that a relatively higher

standard prevalence of HF in 2017 was observed in
Liaoning, Zhejiang, and Qinghai provinces than in Inner
Mongolia, Chonggqing, and Hainan provinces [7]. Factors
contributing to regional variations included socioeco-
nomic and demographic disparities [42], differences in
the prevalence status of HF risk factors [9, 43, 44], dis-
parities in levels of prevention and control of these risk
factors, and variations in public health policy and health-
care service capability [45]. Additionally, the availability
and accessibility of medical resources, along with gaps in
the quality of treatment, care, and patient management
[46—48], further exacerbated these disparities. This high-
lights the urgent need for region-specific strategies for
HF prevention, treatment, and management, and calls
for increased investment in medical resources in certain
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provinces. Strengthening guideline-directed medical
therapies (GDMT) is essential for treatment, improving
patient prognosis, and preventing readmission. How-
ever, disparities in the quality of HF care and adherence
to guidelines remained across regions and hospital grades
[33, 49]. Hospitals in eastern China showed better com-
posite performances of quality of HF care than hospi-
tals in other regions, including left ventricular ejection
fraction assessment during hospitalization, the usage of
beta-blockers, angiotensin-converting enzyme inhibi-
tors, and angiotensin receptor blockers, and follow-up
appointments at discharge [50]. HF patients discharged
from secondary hospitals showed higher all-cause and
CVD mortality than those from tertiary hospitals [49].
These variations may be linked to inequalities in medi-
cal resource allocation and differences in the knowledge
and treatment capabilities of local healthcare providers at
various hospital levels. In response, China launched the
HF Center Program in 2017, establishing standardized
HF centers in secondary and tertiary hospitals across all
31 provinces. This initiative aims to establish a compre-
hensive system for the standardized management of HE,
promoting GDMT, and minimizing regional disparities
[51]. The establishment of HF achieved notable progress,
for example, the usage rate of SGLT2i at discharge was
significantly higher in accredited HF centers compared
with non-accredited HF centers (47.1% vs. 35.8%) [52].
However, the HF clinical practice is still faced with a low
usage rate of GDMT and gaps with targets recommended
by HF guidelines, calling for more investment in stand-
ard HF management. Special efforts are also needed to
improve the generalizability and accessibility of medi-
cation and device therapies and to strengthen technical
training for clinicians in economically disadvantaged
regions and provinces.

Our findings have important implications for both
national and subnational governments, guiding the for-
mulation of region-specific public health and clinical
policies or programs targeting population-specific risks
and underlying causes, to prevent and manage HF. Given
the aging population and the increasing prevalence of
non-communicable diseases, our study suggests intensi-
fied efforts are needed to control the prevailing athero-
sclerotic CVD and COPD to mitigate the HF challenges.
Identifying and controlling modifiable risk factors and
preventing the onset of primary causes should be priori-
ties in HF prevention. Cost-effective monitoring, health
education, and promotion initiatives focusing on adher-
ence to healthy lifestyles and raising public awareness
of modifiable risk factors are also essential, particularly
for high-risk populations [53]. For individuals with car-
diovascular diseases, targeted and optimal treatments
are imperative to prevent or delay the progression of HF.
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Early cost-effective screening and treatment for those at
pre-HF stages (stage B HF) are recommended by existing
guidelines and are crucial to improving prognosis [54].
Given the variation in leading HF causes across differ-
ent provinces, each province should assess and manage
its specific leading causes and implement targeted inter-
ventions. For example, provinces with high HF burdens
(e.g., Liaoning, Heilongjiang, and Jilin) should prioritize
implementing intensified IHD screening programs and
early therapeutic interventions. Similarly, targeted HHD
screening initiatives are recommended for Sichuan,
Chongqing, and Anhui provinces. Furthermore, Sichuan
and Chongqing provinces require additional emphasis on
enhancing COPD screening, surveillance, and manage-
ment. Furthermore, international and nationwide expe-
rience, such as more strike tobacco control legislation in
Japan [55], air pollution action in China [56], and applica-
tion of artificial intelligence to HF prediction [57], could
be used to improve HF prevention and management.

To our knowledge, this study presents the first com-
prehensive analysis of spatiotemporal variations in HF
burden across provincial-level regions in China and
provides suggestions on regional targeted strategies
to promote health equity in HF. Our findings could
provide evidence for the local governments to take
measures to mitigate HF burden, and also, provide a
reference for HF prevention and control in some low-
and middle-income countries. Despite the robust-
ness of the methodology and estimates in the GBD
2023 study, several limitations should be noted. First,
the GBD 2023 estimated the models of HF mainly by
reviewing all available data at the national and sub-
national levels, yet the lack of relevant data in some
provinces might result in biased estimations and under-
estimations due to low diagnostic rates in some less-
developed regions. Second, the GBD assumed that each
HF patient only has one etiology, although comorbid-
ity or combined causes are possible. This assumption
was made to enhance the utility of the estimates and to
identify the most common and clinically relevant con-
tributors. However, the potential conflict between the
GBD assumption of “single cause” and actual co-exist-
ing causes might underestimate the impact of com-
plex cases with multiple comorbidities on HF burden.
Though many diseases can lead to HF, a detailed anal-
ysis of all underlying causes may not be feasible, and
some results may remain inconclusive. However, GBD
categorized etiologies based on the pathophysiologic or
causal mechanism and used standardized case defini-
tions, providing public health pathways for prevention
[58]. Finally, this study was subjected to all the inherent
limitations of the GBD studies [12].
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Conclusions

In conclusion, HF continues to pose a significant pub-
lic health concern in China. Policymakers should pri-
oritize the development of targeted and region-specific
public health strategies, including those that focus on
early screening for high-risk populations, effective
surveillance and control of HF’'s main causes, and the
optimization of healthcare resources. Furthermore,
nationwide enhancement of the standard diagnosis,
treatment, and management of HF patients based on
GDMT could reduce the geographical disparities in the
burden of HE.

Abbreviations

ASPR Age-standardized prevalence rate
COPD Chronic obstructive pulmonary disease
CVvD Cardiovascular disease

EAPC Estimated annual percentage change

GATHER  Guidelines for Accurate and Transparent Health Estimates
Reporting

GBD Global Burden of Diseases

GDMT Guideline-directed medical therapies

HF Heart failure

HHD Hypertensive heart disease

ICD International Classification of Diseases

IHD Ischemic heart disease

SAR Special administrative region

SGLT2i Sodium-glucose cotransporter-2 inhibitor

Ul Uncertainty interval

YLD Year lived with disability

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540779-025-00650-y.

Additional file 1. Table S1 Severity distribution, details on the severity
levels for heart failure in GBD 2023, and the associated DW with that sever-
ity. Table S2 List of International Classification of Diseases codes mapped
to underlying causes of heart failure for GBD 2023. Table S3 Number, rate,
and age-standardized prevalence rate of heart failure, and percentage
change from 1990 to 2023 by severity and sex. Table S4 Number, rate,
and age-standardized YLDs rate of heart failure, and percentage change
from 1990 to 2023 by severity and sex. Table S5 Number (in thousands)
and proportion of overall heart failure by cause in China in 1990 and

2023 [number in thousands (%)]. Table S6 Number (in thousands) and
proportion of treated heart failure by cause in China in 1990 and 2023
[number in thousands (%)]. Table S7 Number (in thousands) and propor-
tion of mild heart failure by cause in China in 1990 and 2023 [number

in thousands (%)]. Table S8 Number (in thousands) and proportion of
moderate heart failure by cause in China in 1990 and 2023 [number in
thousands (%)]. Table S9 Number (in thousands) and proportion of severe
heart failure by cause in China in 1990 and 2023 [number in thou-

sands (%)]. Table S10 Top 10 causes of heart failure by all-age prevalence
rate and proportion in all causes in 2023 and EAPC in prevalence rate in
China, 1990 - 2023. Fig. S1 Age-standardized prevalence of heart failure
due to 40 causes by sex, 2023. Fig. S2 Heart failure due to underlying
causes rankings by absolute number of YLDs in males (a) and females (b)
in China, 1990 - 2023.YLDs years lived with disability. Fig. S3 Prevalence
rate of heart failure (per 100,000 population) in China, 2023. Fig. S4 YLDs
rate of heart failure (per 100,000 population) in China, 2023. YLDs years
lived with disability. Fig. S5 Age-standardized prevalence rate of heart
failure due to 40 causes in China, 2023. Fig. S6 Age-standardized YLDs rate
of heart failure due to 40 causes in China, 2023. YLDs years lived with dis-
ability. Fig. S7 All-age YLDs rates per 100,000 population in 2023 and esti-
mated annual percentage change in YLDs rates per 100,000 population in

Page 10 of 12

1990 - 2023 due to heart failure for all ages and both sexes in China. YLDs
years lived with disability.

Acknowledgements

This study used data from the GBD. We appreciate the staff and collaborators
of the Institute for Health Metrics and Evaluation, University of Washington
School of Medicine.

Authors’ contributions

XY, YCL, and MGZ conceived this research. YCL and MGZ provided overall
guidance. XY, ZPZ, YCL, and MGZ prepared the first draft and finalized the
manuscript based on comments from all other authors. YS, GYH, and YX
contributed to the interpretation of the results, provided feedback on the
initial drafts, and suggested improvements. All authors read and approved the
final manuscript.

Funding

This study was supported by the National Key Research and Development
Program of China (Noncommunicable Chronic Diseases-National Science and
Technology Major Project) (20232D0503500), the Program for Guangdong
Introducing Innovative and Entrepreneurial Teams (20192T08Y481), Shenzhen
High-level Hospital Construction Fund, Shenzhen Clinical Research Center

for Cardiovascular Disease Fund (20220819165348002), the National Clinical
Research Center of Cardiovascular Diseases, Shenzhen (NCRCSZ-2024-001).

Data availability
The datasets analyzed during the current study are available on the Global
Health Data Exchange GBD 2023 website.

Declarations

Ethics approval and consent to participate

This study does not involve personal or medical information for any identifi-
able living individual. This study was approved by the ethics committee of the
Chinese Center for Disease Control and Prevention in accordance with the
Helsinki Declaration of 2013.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Epidemiology, School of Public Health, Cheeloo College

of Medicine, Shandong University, Jinan 250012, China. “National Clini-

cal Research Center for Cardiovascular Diseases, Heart Failure Ward, Fuwai
Hospital Chinese Academy of Medical Sciences, Shenzhen 518057, Guang-
dong, China. *National Center for Chronic and Noncommunicable Disease
Control and Prevention, Chinese Center for Disease Control and Prevention,
Beijing 100050, China. “Clinical Research Center, Shenzhen Medical Academy
of Research and Translation, Shenzhen 518048, Guangdong, China.

Received: 9 November 2024 Accepted: 14 September 2025
Published online: 09 October 2025

References

1. Emmons-Bell S, Johnson C, Roth G. Prevalence, incidence and survival of
heart failure: a systematic review. Heart. 2022;108(17):1351-60.

2. RanJ, Zhou P, Wang J, Zhao X, Huang Y, Zhou Q, et al. Global, regional,
and national burden of heart failure and its underlying causes, 1990
2021: results from the global burden of disease study 2021. Biomark Res.
2025;13(1):16.

3. Savarese G, Becher PM, Lund LH, Seferovic P, Rosano GMC, Coats AJS.
Global burden of heart failure: a comprehensive and updated review of
epidemiology. Cardiovasc Res. 2023;118(17):3272-87.


https://doi.org/10.1186/s40779-025-00650-y
https://doi.org/10.1186/s40779-025-00650-y

Yang et al. Military Medical Research

20.

21

22.

23.

24.

25.

(2025) 12:65

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, B6hm

M, et al. Focused update of the 2021 ESC guidelines for the diag-

nosis and treatment of acute and chronic heart failure. Eur Heart J.
2023,;44(37):3627-39.

Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al.
Heart disease and stroke statistics-2023 update: a report from the Ameri-
can Heart Association. Circulation. 2023;147(8):€93-621.

Cook C, Cole G, Asaria P, Jabbour R, Francis DP. The annual global eco-
nomic burden of heart failure. Int J Cardiol. 2014;171(3):368-76.

Wang H, Chai K, Du M, Wang S, Cai JP, Li Y, et al. Prevalence and incidence
of heart failure among urban patients in China: a national population-
based analysis. Circ Heart Fail. 2021;14(10):e008406.

Bragazzi NL, Zhong W, Shu J, Abu Much A, Lotan D, Grupper A, et al. Bur-
den of heart failure and underlying causes in 195 countries and territories
from 1990 to 2017. Eur J Prev Cardiol. 2021;28(15):1682-90.

Liu S, LiY, Zeng X, Wang H, Yin P.Wang L, et al. Burden of cardiovascular
diseases in China, 1990-2016: findings from the 2016 Global Burden of
Disease Study. JAMA Cardiol. 2019;4(4):342-52.

The State Council of the People’s Republic of China. Healthy China 2030.
2016. https://www.gov.cn/zhengce/2016-10/25/content_5124174.htm.
Accessed 3 Mar 2025.

. World Heart Report 2023: Full Report [Internet]. World Heart Federation.

https://world-heart-federation.org/resource/world-heart-report-2023/.
Accessed 15 Apr 2024.

GBD 2021 Diseases and Injuries Collaborators. Global incidence,
prevalence, years lived with disability (YLDs), disability-adjusted life-
years (DALYs), and healthy life expectancy (HALE) for 371 diseases and
injuries in 204 countries and territories and 811 subnational locations,
1990-2021: a systematic analysis for the Global Burden of Disease Study
2021. Lancet. 2024; 403(10440):2133-61.

Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M, et al.
Guidelines for Accurate and Transparent Health Estimates Reporting: the
GATHER statement. Lancet. 2016;388(10062):e19-23.

Hung YT, Cheung NT, Ip S, Fung H. Epidemiology of heart failure in Hong
Kong, 1997. Hong Kong Med J. 2000;6(2):159-62.

Lyu S,Yu L, Tan H, Liu S, Liu X, Guo X, et al. Clinical characteristics and
prognosis of heart failure with mid-range ejection fraction: insights

from a multi-centre registry study in China. BMC Cardiovasc Disord.
2019;19(1):209.

Hai JJ, Chan PH, Huang D, Ho MH, Ho CW, Cheung E, et al. Clinical char-
acteristics, management, and outcomes of hospitalized heart failure in

a Chinese population-the Hong Kong Heart Failure Registry. J Card Fail.
2016;22(8):600-8.

Gu DF, Huang GY, He J. Investigation of prevalence and distributing fea-
ture of chronic heart failure in Chinese adult population. Chin J Cardiol.
2003;31(1):6-9.

Hao G, Wang X, Chen Z, Zhang L, Zhang Y, Wei B, et al. Prevalence of heart
failure and left ventricular dysfunction in China: the China hypertension
survey, 2012-2015. Eur J Heart Fail. 2019;21(11):1329-37.

Sanderson JE, Chan SK, Chan WW, Hung YT, Woo KS. The aetiology of
heart failure in the Chinese population of Hong Kong-a prospective
study of 730 consecutive patients. Int J Cardiol. 1995;51(1):29-35.

Shan C, ChenY, MaY, Yang Y, Liu F, Xie X, et al. Incidence and distribution
of chronic heart failure in the elderly from Xinjiang. Zhonghua Liu Xing
Bing Xue Za Zhi. 2014;35(9):1007-10.

Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al. Status of hyper-
tension in China: results from the China hypertension survey, 2012-2015.
Circulation. 2018;137(22):2344-56.

LiY,Teng D, Shi X, Qin G, Qin Y, Quan H, et al. Prevalence of diabetes
recorded in mainland China using 2018 diagnostic criteria from the
American Diabetes Association: national cross sectional study. BMJ.
2020;369:m997.

Wang L, Zhou B, Zhao Z, Yang L, Zhang M, Jiang Y, et al. Body-mass
index and obesity in urban and rural China: findings from con-

secutive nationally representative surveys during 2004-18. Lancet.
2021;398(10294):53-63.

NCD Risk Factor Collaboration (NCD-RisC). Repositioning of the global
epicentre of non-optimal cholesterol. Nature. 2020;582(7810):73-7.

Shi S, Tang Y, Zhao Q, Yan H, Yu B, Zheng Q, et al. Prevalence and risk of
atrial fibrillation in China: a national cross-sectional epidemiological
study. Lancet Reg Health West Pac. 2022,23:100439.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 11 of 12

Yang Y, Wang Z, Chen Z, Wang X, Zhang L, Li S, et al. Current status and
etiology of valvular heart disease in China: a population-based survey.
BMC Cardiovasc Disord. 2021;21(1):339.

McMurray JJV, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al.
Angiotensin-neprilysin inhibition versus enalapril in heart failure. N Engl J
Med. 2014;371(11):993-1004.

Wachter R, Senni M, Belohlavek J, Straburzynska-Migaj E, Witte KK,
Kobalava Z, et al. Initiation of sacubitril/valsartan in haemodynami-

cally stabilised heart failure patients in hospital or early after discharge:
primary results of the randomised TRANSITION study. Eur J Heart Fail.
2019;21(8):998-1007.

Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al.
2022 AHA/ACC/HFSA guideline for the management of heart failure:
executive summary: a report of the American College of Cardiology/
American Heart Association Joint Committee on Clinical Practice Guide-
lines. Circulation. 2022;145(18):e876-94.

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The effect
of spironolactone on morbidity and mortality in patients with severe
heart failure—randomized aldactone evaluation study investigators. N
EnglJ Med. 1999;341(10):709-17.

Jhund PS, Ponikowski P, Docherty KF, Gasparyan SB, Bohm M, Chiang CE,
et al. Dapagliflozin and recurrent heart failure hospitalizations in heart
failure with reduced ejection fraction: an analysis of DAPA-HF. Circulation.
2021;143(20):1962-72.

Wang Y, Zhu H, Hou X, Wang Z, Zou F, Qian Z, et al. Randomized trial of
left bundle branch vs biventricular pacing for cardiac resynchronization
therapy. J Am Coll Cardiol. 2022;80(13):1205-16.

Feng J, Zhang Y, Zhang J. Epidemiology and burden of heart failure in
Asia. JACC Asia. 2024;4(4):249-64.

Wang Z, Ma L, Liu M, Fan J, Hu S. Writing committee of the report on
cardiovascular health and diseases in China—summary of the 2022
report on cardiovascular health and diseases in China. Chin Med J.
2023;136(24):2899-908.

Zhang M, ShiY, Zhou B, Huang Z, Zhao Z, Li C, et al. Prevalence, aware-
ness, treatment, and control of hypertension in China, 2004-18: findings
from six rounds of a national survey. BMJ. 2023;380:071952.

Cheng TO. How much of the recent decline in rheumatic heart disease
in China can be explained by changes in cardiovascular risk factors?. Int J
Cardiol. 2009;132(3):300-2.

Tian'Y, Hu X, Gu Q, Yang M, Jia P Ma X, et al. Temporal trend in mortality
due to congenital heart disease in China from 2008 to 2021. Chin Med J.
2025;138(6):693-701.

Fang L, Gao P, Bao H, Tang X, Wang B, Feng Y, et al. Chronic obstructive
pulmonary disease in China: a nationwide prevalence study. Lancet
Respir Med. 2018;6(6):421-30.

Zhang J, Jiang H, Zhang W, Ma G, Wang Y, Lu Y, et al. Cost-benefit analysis
of China’s action plan for air pollution prevention and control. Front Eng
Manag. 2019;6(4):524-37.

Wan X. Protecting people from tobacco smoke in China: current status
and challenges. China CDC Wkly. 2022;4(21):460-4.

Fong GT, Jiang Y. The importance of reducing smoking in China: to
achieve healthy China 2030 while reducing the severity of the COVID-19
pandemic. China CDC Wkly. 2020;2(22):404-6.

Zhou M, Wang H, Zhu J, Chen W, Wang L, Liu S, et al. Cause-specific
mortality for 240 causes in China during 1990-2013: a systematic
subnational analysis for the Global Burden of Disease Study 2013. Lancet.
2016;387(10015):251-72.

Zhou M, Astell-Burt T, Bi Y, Feng X, Jiang Y, Li Y, et al. Geographical vari-
ation in diabetes prevalence and detection in China: multilevel spatial
analysis of 98,058 adults. Diabetes Care. 2015,;38(1):72-81.

LiY,Wang L, Feng X, Zhang M, Huang Z, Deng Q, et al. Geographical vari-
ations in hypertension prevalence, awareness, treatment and control in
China: findings from a nationwide and provincially representative survey.
J Hypertens. 2018;36(1):178-87.

Jiang Y, Mao F, LiY, Liu J, Zhang ¥, Jiang Y, et al. Construction of China
cardiovascular health index. BMC Public Health. 2018;18(1):937.

Li Z,Wang C, Zhao X, Liu L, Wang C, Li H, et al. Substantial progress yet
significant opportunity for improvement in stroke care in China. Stroke.
2016;47(11):2843-9.

Retraction and republication--ST-segment elevation myocardial infarc-
tion in China from 2001 to 2011 (the China PEACE-retrospective acute


https://www.gov.cn/zhengce/2016-10/25/content_5124174.htm
https://world-heart-federation.org/resource/world-heart-report-2023/

Yang et al. Military Medical Research (2025) 12:65

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

myocardial infarction study): a retrospective analysis of hospital data.
Lancet. 2015;385(9966):402.

Bi'Y, Gao R, Patel A, Su'S, Gao W, Hu D, et al. Evidence-based medication
use among Chinese patients with acute coronary syndromes at the time
of hospital discharge and 1 year after hospitalization: results from the
clinical pathways for acute coronary syndromes in China (CPACS) study.
Am Heart J. 2009;157(3):509-516.e1.

Wang H, LiY, Chai K, Long Z, Yang Z, Du M, et al. Mortality in patients
admitted to hospital with heart failure in China: a nationwide cardio-
vascular association database-heart failure centre registry cohort study.
Lancet Glob Health. 2024;12(4).e611-22.

Gupta A, Yu Y, Tan Q, Liu S, Masoudi FA, Du X, et al. Quality of care for
patients hospitalized for heart failure in China. JAMA Netw Open.
2020;3(1):21918619.

Cai A, QiuW, Zhou Y, Feng Y, Chen J, Xia S, et al. Clinical characteristics
and 1-year outcomes in hospitalized patients with heart failure with
preserved ejection fraction: results from the China cardiovascular
association database-heart failure center registry. Eur J Heart Fail.
2022;24(11):2048-62.

Zhang Q, Fan F,Yang F, Zhou Z, Jia J, Jiang J, et al. Disparities in SGLT2i
utilization among heart failure patients with different ejection fraction in
China: findings from Chinese cardiovascular association database-heart
failure center registry. Eur Heart J. 2024. https://doi.org/10.1093/eurhe
artj/ehae666.1064.

Sun Q,Yu D, Fan J,Yu C, GuoYY, Pei P, et al. Healthy lifestyle and life expec-
tancy at age 30 years in the Chinese population: an observational study.
Lancet Public Health. 2022,7(12):e994-1004.

Zheng C, Cai A, Wang X, Qiu J, Song Q, Gu R, et al. Prognostic implications
of heart failure stages among Chinese community populations: insight
from a nationwide population-based study. Lancet Reg Health West Pac.
2024;46:101072.

Japanese government raises cigarette tax not public health policy. Ameri-
can Council on Science and Health. https://www.acsh.org/news/2010/
10/13/japanese-government-raises-cigarette-tax-not-public-health-
policy. Accessed 14 Mar 2025.

Geng G, LiuY, LiuY, Liu S, Cheng J, Yan L, et al. Efficacy of China's clean air
actions to tackle PM2.5 pollution between 2013 and 2020. Nat Geosci.
2024. https://doi.org/10.1038/541561-024-01540-z.

Dhingra LS, Aminorroaya A, Sangha V, Pedroso AF, Asselbergs FW, Brant
LCC, et al. Heart failure risk stratification using artificial intelligence
applied to electrocardiogram images: a multinational study. Eur Heart J.
2025;46(11):1044-53.

Agarwal A, Tromp J, Aimahmeed W, Angermann C, Chandramouli C,
Cho H, et al. Toward a universal definition of etiologies in heart failure:
categorizing causes and advancing registry science. Circ Heart Fail.
2024;17(4):e011095.

Page 12 of 12


https://doi.org/10.1093/eurheartj/ehae666.1064
https://doi.org/10.1093/eurheartj/ehae666.1064
https://www.acsh.org/news/2010/10/13/japanese-government-raises-cigarette-tax-not-public-health-policy
https://www.acsh.org/news/2010/10/13/japanese-government-raises-cigarette-tax-not-public-health-policy
https://www.acsh.org/news/2010/10/13/japanese-government-raises-cigarette-tax-not-public-health-policy
https://doi.org/10.1038/s41561-024-01540-z

	The evolving burden of heart failure in China: a 34-year subnational analysis of trends and causes from the Global Burden of Disease Study 2023
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Overview
	Definitions
	Statistical analysis

	Results
	National level and compared with the G20
	Causes of HF
	Age and sex differences
	Regional disparities

	Discussion
	Conclusions
	Acknowledgements
	References


