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Background: To describe the burden and examine transnational inequities in
overall cardiovascular disease (CVD) and ten specific CVDs across different
levels of societal development.

Methods: Estimates of disability-adjusted life-years (DALYs) for each disease and
their 95% uncertainty intervals (Ul) were extracted from the Global Burden of
Diseases (GBD). Inequalities in the distribution of CVD burdens were quantified
using two standard metrics recommended absolute and relative inequalities by
the World Health Organization (WHO), including the Slope Index of Inequality
(Sll) and the relative concentration Index.

Results: Between 1990 and 2019, for overall CVD, the Slope Index of Inequality
changed from 3760.40 (95% Cl: 3758.26 to 3756.53) in 1990 to 3400.38 (95% Cl:
3398.64 to 3402.13) in 2019. For ischemic heart disease, it shifted from 2833.18
(95% Cl. 2831.67 to 2834.69) in 1990 to 1560.28 (95% CI: 1559.07 to 1561.48)
in 2019. Regarding hypertensive heart disease, the figures changed from-
82.07 (95% Cl: —82.56 t0-81.59) in 1990 to 108.99 (95% CI: 108.57 to 109.40)
in 2019. Regarding cardiomyopathy and myocarditis, the data evolved from
273.05 (95% Cl. 272.62 to 273.47) in 1990 to 250.76 (95% Cl: 250.42 to 251.09)
in 2019. Concerning aortic aneurysm, the index transitioned from 104.91 (95%
Cl: 104.65 t0 105.17) in 1990 to 91.14 (95% CI: 90.94 to 91.35) in 2019. Pertaining
to endocarditis, the figures shifted from-4.50 (95% Cl: —4.64 to-4.36) in 1990 to
16.00 (95% ClI: 15.88 to 16.12) in 2019. As for rheumatic heart disease, the data
transitioned from-345.95 (95% Cl: —346.47 to-345.42) in 1990 to-204.34 (95%
Cl: —204.67 to-204.01) in 2019. Moreover, the relative concentration Index for
overall CVD and each specific type also varied from 1990 to 2019.

Conclusion: There's significant heterogeneity in transnational health inequality
for ten specific CVDs. Countries with higher levels of societal development may
bear a relatively higher CVD burden except for rheumatic heart disease, with the
extent of inequality changing over time.

KEYWORDS

disability-adjusted life-years (DALYs), health inequality, cardiovascular disease, socio-
demographic index, slope index of inequality, concentration index
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1 Introduction

Cardiovascular diseases (CVD) are among the most prevalent
chronic diseases, comprising ten major subtypes. They are leading
causes of mortality and morbidity globally, imposing significant
economic burdens on patients, their families, healthcare services, and
societies (1, 2). High disease burden is often attributed to
underdevelopment, limited access to healthcare systems, and
suboptimal healthcare performance. For CVD, transitions in lifestyle
factors like diet, physical activity, and smoking, coupled with
environmental pollution, lay the foundation for CVD onset (3-6).
Emerging trends indicate that many developed countries face
epidemics of obesity and diabetes, which exacerbate most CVD risk
factors and negatively impact cardiac structure and function (7, 8).
Industrial and technological revolutions and associated economic and
societal changes have shifted disease burdens from infectious diseases
and malnutrition in the 20th century to CVD in most high-income
nations (9). The progression of these industrial developments,
exposure to risk factors, and aging underscore that CVD remains a
significant public health concern (10, 11). Assessing and monitoring
health inequalities of CVD are crucial for achieving health equity, a
core objective of the 2030 Sustainable Development Agenda (12).
Disparities in health across nations with varying levels of societal
development warrant exploration.

In epidemiology, health inequality monitoring utilizes health-
related data to inform policies and initiatives aimed at addressing
health disparities. Simultaneously, it establishes a numerical
quantification of inequality within populations based on categorized
data, facilitating comparisons of health disparities across different
time periods, backgrounds, and indicators. Previous research has
focused on measuring overall inequality using standards such as the
Gini coeflicient, which only consider the distribution of health
indicators within the population (13). However, social inequality
metrics need to assess how health indicators vary based on different
demographic, socioeconomic, or geographical characteristics. In
addition, in terms of monitoring health inequality, the term “brief
measures of health inequality” generally refers to measures of social
inequality, as this is the primary focus of attention. There are
numerous summary measures, each with distinct characteristics,
which can lead to different conclusions about the degree and direction
of inequality (14, 15).

In order to better account for the impacts of population, economy,
and country, we used the World Health Organization (WHO)
recommended standard methods for health equity analysis including
two indicators of absolute and relative inequality, it further delves into
the analysis of transnational inequalities related to cardiovascular
diseases associated with Socio-Demographic Index (SDI) (16). This
approach is taken to investigate whether disparities related to societal
development levels exist in the burden of these CVDs across countries,
determining their severity and how they have evolved over time.

2 Methods
2.1 Data source

The methodological details of the 2019 Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) have been previously
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published (1, 17, 18). These studies detailed the burdens of 369
diseases and injuries in 204 countries and regions, broken down by
gender and age group from 1990 to 2019, as well as 87 risk factors
divided by incidence, prevalence, deaths, and disability-adjusted life-
years (DALY's). We procured estimates of DALYs, specifically for CVD
and ten specific CVDs, including rheumatic heart disease, ischemic
heart disease, stroke, hypertensive heart disease, non-rheumatic
valvular heart disease, cardiomyopathy and myocarditis, atrial
fibrillation and flutter, aortic aneurysm, peripheral artery disease and
endocarditis (19), for the years 1990 to 2019, and their 95% uncertainty
intervals (UI) for analysis from the Global Health Data Exchange
(GHDx) query tool." The definition of specific CVD used the codes
from the tenth edition of the International Classification of Diseases
(ICD-10). The definition of disease is shown in Supplementary Table S1.
In addition, the socio-demographic index (SDI) is a comprehensive
indicator that measures a country’s or region’s level of development
based on factors such as fertility rate, education level, and per capita
income, with an SDI ranging from 0 to 1. The SDI is reportedly
associated with disease incidences and mortality rates. It quantifies the
level of social and population development in a country or region (20,
21). Detailed data for the population and economic status of all CVDs
in all countries and territories are available in Supplementary Table S2.
Given the reliance on public datasets, this study was exempted from
the Ethics Committee of the Second People’s Hospital of Hefei.

2.2 Burden description

DALYs are conceptualized as healthy life years lost due to a
specific disease, representing the difference between an individuals
current and optimal health status—the latter being a life expectancy
free from disease or disability (22). Descriptive analysis was deployed
to assess the global burden and its health implications for overall and
specific CVD. We computed the cases of DALY for 1990 and 2019,
the rate of DALY per 100,000 population, and the shift in this burden.
The burden of overall and specific CVD across various global regions
was compared for 1990 and 2019.

2.3 Cross-country inequality analysis

Two distinct metrics of absolute and relative inequalities were
utilized to gauge cross-country inequality in the CVD burden: the Slope
index of inequality (SII) and the relative concentration index (16, 23,
24). Absolute inequality reflects the magnitude of the difference in
health between countries with different SDIs (23). The SII represents
the absolute difference in predicted values of burden between those
with the highest level of SDI and those with the lowest level of SDI,
while taking into consideration the entire distribution of SDI using an
appropriate regression model. It was computed by regressing national-
level burdens owing to CVD in all age population on a scale of relative
social position, defined by the midpoint of the cumulative class interval
of the population ranked by SDI. Because of heteroskedasticity, robust
regression was used: repeated iterative weighting. SII assumes the value

1 http://ghdx.healthdata.org/gbd-results-tool
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TABLE 1 Global burden of cardiovascular diseases and the specific causes in 1990 and 2019.

Diseases

1990 (million)*

DALYs cases
2019 (million)*

1990 (/100,000)*

10.3389/fpubh.2024.1322574

DALYs rates
2019 (/100,000)*

Change (%)

Change (%)

Cardiovascular diseases 279.8 (267.7 ~ 291.1) 393.1(367.8 ~417.2) 40.5 5230.8 (5003.2 ~ 5440.3) 5080.6 (4753.2 ~ 5392.7) -2.9
Rheumatic heart disease 13.1 (11.9 ~ 14.6) 10.7 (9.2~ 12.1) ~18.9 246.1 (2224 ~ 273.6) 137.9 (119.0 ~ 156.7) —44.0
Ischemic heart disease 121.1 (116.4 ~ 125.6) 182.0 (170.2 ~ 193.5) 50.4 2263.0 (2175.0 ~ 2348.4) 2352.6 (2200.0 ~ 2500.9) 4.0
Stroke 108.2 (102.4 ~ 114.8) 143.2(133.1 ~ 153.2) 323 2022.6 (1914.4 ~ 2145.8) 1851.2 (1720.1 ~ 1980.5) -85
Hypertensive heart disease 13.9(11.3 ~ 15.7) 21.5(16.4 ~ 23.9) 54.2 260.6 (211.4 ~ 292.5) 278.0 (212.0 ~ 308.9) 6.7
Non-rheumatic valvular heart disease 1.7 (1.5~ 1.8) 2.8(2.5~3.1) 67.6 31.2(27.9 ~ 34.6) 36.1 (32.6 ~ 40.4) 7.3
Cardiomyopathy and myocarditis 7.1 (6.3 ~ 8.6) 9.1 (7.9 ~10.0) 294 132.0 (117.7 ~ 161.3) 118.1 (101.6 ~ 129.8) -10.5
Atrial fibrillation and flutter 3.8(3.0~4.8) 8.4 (6.7 ~ 10.5) 121.6 70.8 (55.3 ~ 90.3) 108.5 (86.5 ~ 136.2) 53.2
Aortic aneurysm 2.0(1.8~22) 33 (3.1~3.5) 67.0 37.2 (34.0 ~ 41.0) 42.9 (40.2 ~ 45.6) 15.5
Peripheral artery disease 0.8(0.5~1.2) 1.5 (1.0 ~2.4) 98.1 14.5 (9.1 ~ 22.0) 19.9 (13.0 ~ 30.6) 37.0
Endocarditis 1.1(0.8 ~1.3) 1.7 (1.4~ 1.9) 542 20.9 (15.6 ~ 24.6) 22.2 (17.5 ~ 25.0) 6.6

*Central estimates with 95% uncertainty intervals. DALY, disability-adjusted life-years.

of zero. Greater absolute values indicate higher levels of inequality.
Positive values indicate a concentration of the indicator among the
advantaged and negative values indicate a concentration of the indicator
among the disadvantaged (16). Therefore, when the SII is positive, the
burden is concentrated in countries with higher SDI; When the SII is
negative, the burden is concentrated in countries with lower
SDI. Relative inequality measures show proportional differences in
health among countries with different SDIs (25). The concentration
index is a relative measure of inequality that shows the health gradient
across multiple subgroups with natural ordering (according to SDI). It
indicates the extent to which burden is concentrated among the
disadvantaged (population with low SDI) or the advantaged (population
with high SDI). It was derived through numerical integration beneath
the Lorenz concentration curve, which was fitted using the DALY
cumulative percentage against the relative cumulative distribution of
the population sorted by SDI (25). Given that a population is ranked by
increasing socioeconomic status. When a Lorenz curve above the line
of equality, it indicates health burdens concentrated in lower-income
countries, represented by a negative value of the concentration index.
When there is no inequality, the concentration index is 0 (24).

2.4 Statistical analysis

All analyses and visualizations were performed using the Health
Equity Assessment Toolkit from WHO (16) and the R software
(V.4.3.0). The R software V.4.3.0 and the WHO’s Health Equity
Assessment Toolkit were used to calculate the SII and the relative
concentration index and to estimate their 95% Cls. Robust regressions
were conducted using the “MASS” package in R V.4.3.0, with the “car”
package checking for heteroscedasticity in the fitted models, and the
“ggplot2” utilized for disease plotting and
data visualization.

package was

3 Results
3.1 Cardiovascular diseases

In terms of DALYs, the overall CVD burden for the all-age
population in 2019 stood at 393.1 million (95% UI 367.8 to 417.2
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million), marking a 40.5% rise from 1990’ 279.8 million (95% UI
267.7 to 291.1 million). The DALY rate for 2019 was 5080.6 (95% UI
4753.2 10 5392.7) per 100,000 population, a 2.9% decrease from 1990’s
5230.8 (95% UI 5003.2 to 5440.3) per 100,000 population (Table 1). In
2019, the South Asian (83.4 million, 95% UI 74.1 to 93.6 million) and
East Asian (95.1 million, 95% UI 83.3 to 107.3 million) regions bore
the heaviest CVD burdens. Furthermore, the Middle and High-
middle SDI regions experienced considerable CVD burdens. In
developed regions, including Eastern Europe and Central Europe, the
DALYs rate per 100,000 was most pronounced. From 1990 to 2019,
most GBD regions witnessed a decline in the rate of DALYs (Figure 1).
Observations revealed absolute and relative inequalities linked to SDI,
with countries possessing higher SDI shouldering a disproportionately
elevated burden (Figure 2). Additionally, the SII demonstrated the
DALYs rate gap among nations from 3760.40 (95% CI: 3758.26 to
3756.53) in 1990 to 3400.38 (95% CI: 3398.64 to 3402.13) in 2019. The
relative concentration index for 1990 and 2019 were 11.75 (95% CI:
11.42 to 12.09) and 10.96 (95% CI: 10.52 to 11.40), respectively
(Table 2). Over time, the health inequality associated with SDI in CVD
has decreased.

3.2 Rheumatic heart disease

In 2019, the overall global burden of rheumatic heart disease
across all ages was 10.7 million (95% UI 9.2 to 12.1), representing an
18.9% decline from 13.1 million (95% UTI 11.9 to 14.6) in 1990. The
DALYs rate in 2019 was 137.9 (95% UI 119.0 to 156.7) per 100,000
population, a 44.0% decrease from 246.1 (95% UI 222.4 to 273.6) per
100,000 population in 1990 (Table 1). In 2019, South Asia (5.8
million, 95% UI 4.6 to 6.8) and East Asia (1.8 million, 95% UI 1.5 to
2.0) bore the heaviest burden of rheumatic heart disease. Areas with
low-middle and low SDI had a more significant burden. Globally,
underdeveloped regions, including Oceania and South Asia, had the
highest DALY rate per 100,000 population. From 1990 to 2019,
most GBD regions experienced a decline in the DALYs rate
(Supplementary Figure S1). Regarding the burden of rheumatic
heart disease, both absolute and relative inequalities associated with
SDI were observed. Countries with a lower SDI bore a
disproportionately higher burden (Figures 3A,B). Additionally, as
indicated by the SII, the DALYs rate disparity among nations
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Change in burden of cardiovascular diseases by region, 1990 vs. 2019. Columns and error bars represent the central estimates and 95% uncertainty
interval of DALYs cases (A) and DALYs rates (B) in the all-ages population, respectively. DALYs, disability-adjusted life-years; SDI, socio-demographic
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from-345.95 (95% CI: —346.47 t0-345.42) in 1990 to-204.34 (95%
CI: —204.67 t0-204.01) in 2019. The relative concentration index
indices for 1990 and 2019 were-22.28 (95% CI: —24.00 to —20.57)
and —23.55 (95% CI: —25.80 to —21.30), respectively (Table 2). Over
time, the health inequality associated with SDI in rheumatic heart
disease has decreased.
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3.3 Ischemic heart disease

In 2019, the global ischemic heart disease burden across all ages
was 182.0 million (95% UI 170.2 to 193.5), an increase of 50.4% from
121.1 million (95% UI 116.4 to 125.6) in 1990 (Table 1). The burden
in 2019 was more significant in Middle and High-middle SDI regions.
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TABLE 2 Summary measures for SDI-related inequalities in DALYs of cardiovascular diseases.

10.3389/fpubh.2024.1322574

Diseases Health inequality metrics Year Value 95% Cl
Cardiovascular diseases Slope index of inequality 1990 3760.40 (3758.26 ~ 3756.53)
2019 3400.38 (3398.64 ~ 3402.13)
Relative concentration index 1990 11.75 (11.42 ~ 12.09)
2019 10.96 (10.52 ~ 11.40)
Rheumatic heart disease Slope index of inequality 1990 —345.95 (—346.47 ~ —345.42)
2019 —204.34 (—204.67 ~ —204.01)
Relative concentration index 1990 —22.28 (=24.00 ~ —20.57)
2019 —23.55 (—25.80 ~ —21.30)
Ischemic heart disease Slope index of inequality 1990 2833.18 (2831.67 ~ 2834.69)
2019 1560.28 (1559.07 ~ 1561.48)
Relative concentration index 1990 20.17 (19.70 ~ 20.65)
2019 10.85 (10.39 ~ 11.32)
Stroke Slope index of inequality 1990 788.36 (787.04 ~ 789.69)
2019 1237.48 (1236.40 ~ 1238.55)
Relative concentration index 1990 6.40 (6.13 ~ 6.66)
2019 10.94 (10.41 ~ 11.46)
Hypertensive heart disease Slope index of inequality 1990 —82.07 (—82.56 ~ —81.59)
2019 108.99 (108.57 ~ 109.40)
Relative concentration index 1990 —5.16 (=5.60 ~ —4.71)
2019 6.45 (5.95 ~ 6.95)
Non-rheumatic valvular heart disease Slope index of inequality 1990 89.79 (89.55 ~ 30.03)
2019 100.95 (100.74 ~ 101.16)
Relative concentration index 1990 42.07 (40.32 ~ 43.82)
2019 40.96 (39.30 ~ 42.62)
Cardiomyopathy and myocarditis Slope index of inequality 1990 273.05 (272.62 ~ 273.47)
2019 250.76 (250.42 ~ 251.09)
Relative concentration index 1990 31.90 (29.22 ~ 34.58)
2019 32.59 (30.49 ~ 34.69)
Atrial fibrillation and flutter Slope index of inequality 1990 163.01 (162.69 ~ 163.34)
2019 24543 (245.09 ~ 245.76)
Relative concentration index 1990 35.02 (32.62 ~ 37.42)
2019 34.42 (31.97 ~ 36.87)
Aortic aneurysm Slope index of inequality 1990 104.91 (104.65 ~ 105.17)
2019 91.14 (90.94 ~ 91.35)
Relative concentration index 1990 41.36 (39.48 ~ 43.25)
2019 32.57 (31.25 ~ 33.89)
Peripheral artery disease Slope index of inequality 1990 55.46 (55.27 ~ 55.66)
2019 67.87 (67.70 ~ 68.05)
Relative concentration index 1990 51.81 (44.71 ~ 58.91)
2019 47.67 (40.72 ~ 54.61)
Endocarditis Slope index of inequality 1990 —4.50 (—4.64 ~ —4.36)
2019 16.00 (15.88 ~ 16.12)
Relative concentration index 1990 —3.53 (—3.86 ~—3.19)
2019 11.72 (11.02 ~ 12.43)

DALYs, disability-adjusted life-years; SDI, sociodemographic index.
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FIGURE 3
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Globally, developed regions, including Eastern Europe, Central
Europe, and Central Asia, had the highest DALY rate per 100,000
population (Supplementary Figure S2). Regarding the ischemic heart
disease burden, absolute and relative inequalities related to SDI were
observed, with countries with higher SDI bearing a higher burden
(Figures 3C,D). Additionally, as indicated by the SIJ, the disparity in
DALYs rate among nations has decreased from 2833.18 in 1990 (95%
CI: 2831.67 to 2834.69) to 1560.28 in 2019 (95% CI: 1559.07 to
1561.48). The relative concentration index for 1990 and 2019 were
20.17 (95% CI: 19.70 to 20.65) and 10.85 (95% CI: 10.39 to 11.32),
respectively (Table 2). Over time, the degree of health inequality
associated with SDI in ischemic heart disease has decreased.

3.4 Stroke

In 2019, the overall global burden of stroke for the entire age
population was 143.2 million (95% UI 133.1 to 153.2), marking a
32.3% increase from 108.2 million (95% UI 102.4 to 114.8) in
1990. The DALYs rate for 2019 was 1851.2 (95% UI 1720.1 to
1980.5) per 100,000, reflecting an 8.5% decrease from 2022.6 (95%
UI 1914.4 to 2145.8) per 100,000 in 1990 (Table 1). The burden of
stroke was notably significant in Middle and High-middle SDI
regions in 2019. In developed regions, such as Eastern and Central
Europe, the highest DALYs rate per 100,000 individuals was
recorded (Supplementary Figure S3). A pronounced disparity,
both absolute and relative, linked to SDI was observed in the
burden of stroke, with countries of higher SDI bearing a
disproportionately greater burden (Figures 3E,F). Additionally, as
indicated by the SII, the difference in DALY’ rate among countries
expanded from 788.36 (95% CI: 787.04 to 789.69) in 1990 to
1237.48 (95% CI: 1236.40 to 1238.55) in 2019. The relative
concentration index for 1990 and 2019 were 6.40 (95% CI: 6.13 to
6.66) and 10.94 (95% CI: 10.41 to 11.46), respectively (Table 2).
Over time, the degree of health inequality associated with SDI in
stroke has increased.

3.5 Hypertensive heart disease

In 2019, the overall global burden for hypertensive heart disease
across all ages was 21.5 million (95% UI 16.4 to 23.9), an increase of
54.2% from 13.9 million (95% UTI 11.3 to 15.7) in 1990 (Table 1). East
Asia bore the heaviest burden of hypertensive heart disease, with 5.8
million (95% UI 4.1 to 6.7) in 2019. The burden was considerable in
Middle SDI regions. Central Europe had the highest DALY rate per
100,000. Between 1990 and 2019, the DALY s rate increased in most
Global Burden of Disease (GBD) regions (Supplementary Figure 54).
Disparities, both absolute and relative, associated with SDI were
evident, with countries of lower SDI shouldering an exceedingly
greater burden in 1990 and countries of higher SDI shouldering an
exceedingly greater burden in 2019 (Figures 3G,H). Additionally, the
SII revealed that the difference in the DALY's rate among the countries
grew from-82.07 (95% CI: —82.56 to-81.59) in 1990 to 108.99 (95% CI:
108.57 to 109.40) in 2019. The relative concentration indices for these
years were —5.16 (95% CI: —5.60 to-4.71) and 6.45 (95% CI: 5.95 to
6.95), respectively (Table 2). Over time, the degree of health inequality
associated with SDI in hypertensive heart disease has increased.
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3.6 Non-rheumatic valvular heart disease

In 2019, the overall global burden of non-rheumatic valvular heart
disease among all age groups was estimated at 2.8 million (95% UL 2.5
to 3.1 million), a 67.6% increase from the 1.7 million (95% UTI: 1.5 to
1.8 million) reported in 1990 (Table 1). Western Europe was the most
severely affected region in 2019, with 0.7 million cases (95% UTI: 0.6 to
0.8 million). Regions with a high SDI bore a significant burden.
Among developed regions such as Western Europe, High-income
North America, and High-income Asia Pacific, the highest rates of
DALYs per 100,000 population were observed. Between 1990 and
2019, there was an observed increase in rates of DALY's across most
GBD regions (Supplementary Figure S5). Inequalities, both absolute
and relative, linked with SDI were noted. High SDI countries bore a
disproportionally larger burden (Figures 31]). Additionally, as
indicated by the SII, the disparity of the DALY's rate among nations
expanded from 89.79 (95% CI: 89.55 to 30.03) in 1990 to 100.95 (95%
CI: 100.74 to 101.16) in 2019. The relative concentration index for
1990 and 2019 was 42.07 (95% CI: 40.32 to 43.82) and 40.96 (95% CI:
39.30 to 42.62), respectively (Table 2). Over time, the degree of health
inequality associated with SDI in non-rheumatic valvular heart
disease has increased.

3.7 Cardiomyopathy and myocarditis

In 2019, the overall global burden for cardiomyopathy and
myocarditis among all age groups was 9.1 million (95% UI: 7.9 to 10.0
million), marking a 29.4% increase from the 7.1 million (95% UI: 6.3
to 8.6 million) in 1990. The DALY rate for 2019 was 118.1 (95% UI:
101.6 to 129.8) per 100,000, which is a 10.5% decline from 132.0 (95%
UL 117.7 to 161.3) per 100,000 in 1990 (Table 1). In 2019, Eastern
Europe bore the most significant burden, with 0.7 million cases (95%
UTI: 0.6 to 0.8 million). Burdens were particularly high in regions with
high and high-middle SDI. In more developed regions like Eastern
Europe, the DALY rates were the highest per 100,000 population
(Supplementary Figure S6). Discrepancies associated with SDI were
observed regarding the disease burden, with countries with a higher
SDI boring a disproportionately larger burden (Figures 4A,B).
Additionally, the SII indicated that the disparity in DALYs rates
among countries reduced from 273.05 (95% CI: 272.62 to 273.47) in
1990 to 250.76 (95% CI: 250.42 to 251.09) in 2019. The relative
concentration indexes for 1990 and 2019 were 31.90 (95% CI: 29.22 to
34.58) and 32.59 (95% CI: 30.49 to 34.69), respectively (Table 2). Over
time, the degree of health inequality associated with SDI in
cardiomyopathy and myocarditis disease has decreased.

3.8 Atrial fibrillation and flutter

In 2019, the overall global burden of atrial fibrillation and flutter
for the entire age population stood at 8.4 million (95% UI 6.7 to 10.5
million), reflecting an increase of 121.6% from 3.8 million (95% UI
3.0 to 4.8 million) reported in 1990. The DALY rate in 2019 was 108.5
per 100,000 (95% UT 86.5 to 136.2), marking a 53.2% increase from
the 70.8 per 100,000 (95% UI 55.3 to 90.3) recorded in 1990 (Table 1).
The East Asia region bore the heaviest burden, accounting for 1.8
million cases (95% UI 1.4 to 2.3 million). The burden was particularly
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FIGURE 4
Health inequality regression curves and concentration curves for the DALYs of cardiomyopathy and myocarditis (A,B), atrial fibrillation and flutter (C,D),
aortic aneurysm (E,F), peripheral artery disease (G,H), and endocarditis (1,J) worldwide, 1990 and 2019. DALYs, disability-adjusted life-years.
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pronounced in regions with high and high-middle SDI. In more
developed regions, such as Europe, High-income North America, and
Australasia, the highest rates of DALYs per 100,000 were recorded
(Supplementary Figure S7). Notably, there were both absolute and
relative discrepancies in burden associated with SDI, with higher SDI
countries bearing a disproportionately greater burden (Figures 4C,D).
Additionally, as depicted by the SIJ, the disparity in DALY's rate among
countries escalated from 163.01 in 1990 (95% CI: 162.69 to 163.34) to
245.43 in 2019 (95% CI: 245.09 to 245.76). The relative concentration
index values for 1990 and 2019 were 35.02 (95% CI: 32.62 to 37.42)
and 34.42 (95% CI: 31.97 to 36.87), respectively (Table 2). Over time,
the degree of health inequality associated with SDI in atrial fibrillation
and flutter disease has increased.

3.9 Aortic aneurysm

In 2019, the overall global burden of aortic aneurysms across all
age groups was 3.3 million (95% UL 3.1 to 3.5 million), marking a
67.0% increase from 2.0 million (95% UTI: 1.8 to 2.2 million) in 1990.
The DALY rate for 2019 was 42.9 per 100,000 (95% UI: 40.2 to 45.6),
an increase of 15.5% from 37.2 per 100,000 (95% UI: 34.0 to 41.0) in
1990 (Table 1). East Asia bore the heaviest burden of aortic aneurysm,
with 0.4 million cases (95% UI: 0.3 to 0.5 million). High and high-
middle SDI regions showed a substantial burden. In developed regions
such as Europe, High-income Asia Pacific, and America, the DALYs
rate per 100,000 population was the highest (Supplementary Figure S8).
There was evident absolute and relative inequality related to SDI, with
nations having higher SDI shouldering disproportionately greater
burdens (Figures 4E,F). Additionally, as demonstrated by the SII, the
DALYs rate difference among nations decreased from 104.91 in 1990
(95% CI: 104.65 to 105.17) to 91.14 in 2019 (95% CI: 90.94 to 91.35).
The relative concentration indexes for 1990 and 2019 were 41.36 (95%
CI: 39.48 to 43.25) and 32.57 (95% CI: 31.25 to 33.89), respectively
(Table 2). Over time, the degree of health inequality associated with
SDI in aortic aneurysms has decreased.

3.10 Peripheral artery disease

In 2019, the overall global burden of peripheral artery disease
across all age groups was 1.5 million (95% UI: 1.0 to 2.4 million), an
escalation of 98.1% from the 0.8 million (95% UI: 0.5 to 1.2 million)
reported in 1990. The DALY rate in 2019 was 19.9 per 100,000 (95%
UI: 13.0 to 30.6), a 37.0% rise from the 14.5 per 100,000 (95% UI: 9.1
to 22.0) in 1990 (Table 1). Western Europe was the region most
affected by peripheral artery disease, with 0.3 million cases (95% UL
0.2 to 0.5 million). High and high-middle SDI regions displayed a
pronounced burden. In developed areas, including Europe, High-
income North America, and Australasia, the DALY rate per 100,000
was the highest (Supplementary Figure S9). Observations indicated
absolute and relative inequality tied to SDI, with nations with a higher
SDI incurring a disproportionately greater burden (Figures 4G,H).
Additionally, as the SII reflects, the DALYs rate disparity among
nations increased from 55.46 in 1990 (95% CI: 55.27 to 55.66) to
67.87 in 2019 (95% CI: 67.70 to 68.05). The relative concentration
indexes for 1990 and 2019 were 51.81 (95% CI: 44.71 to 58.91) and
47.67 (95% CI: 40.72 to 54.61), respectively (Table 2). Over time, the
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degree of health inequality associated with SDI in peripheral artery
disease has increased.

3.11 Endocarditis

For 2019, the overall global burden of endocarditis across all age
groups was 1.7 million (95% UI 1.4 to 1.9 million), a rise of 54.2%
from the 1.1 million (95% UI 0.8 to 1.3 million) observed in 1990. The
DALYs rate in 2019 was 22.2 per 100,000 (95% UI 17.5 to 25.0 per
100,000), marking an increase of 6.6% from 20.9 per 100,000 (95% UI
15.6 to 24.6 per 100,000) in 1990 (Table 1). These regions most heavily
burdened by endocarditis were South Asia and Southeast Asia, each
reporting 0.3 million cases (95% UI 0.2 to 0.4 million). Furthermore,
regions with high and high-middle Socio-Demographic Indexes (SDI)
exhibited a pronounced burden of endocarditis. For developed
regions, such as Western Europe, High-income North America, and
Southern Latin America, the DALY rate per 100,000 was notably high
(Supplementary Figure S10). Disparities in absolute and relative
inequalities linked with SDI were observed in the burden, with
countries having lower SDIs shouldering disproportionately elevated
burdens in 1990 and countries having higher SDIs shouldering
disproportionately elevated burdens in 2019 (Figures 41,]). As
indicated by SII, the gap in the DALY’ rate among nations expanded
from-4.50 in 1990 (95% CI: —4.64 to-4.36) to 16.00 in 2019 (95% CI:
15.88 to 16.12). Relative concentration indices for 1990 and 2019
stood at —3.53 (95% CI: —3.86 to —3.19) and 11.72 (95% CI: 11.02 to
12.43), respectively (Table 2). Over time, the health inequality
associated with SDI in endocarditis has increased.

In addition, the level of transnational inequality related to the level
for total
cardiovascular disease and ten specific types of cardiovascular disease

of sociodemographic development over 30years

is shown in Supplementary Tables S3, S4.

4 Discussion

Although some research has reported on the health inequality of
CVD, they have used national data (26, 27) or focused on the impact
of risk factors on CVD (28-31). Therefore, in this research, we utilized
a broader set of data from the 2019 Global Burden of Disease (GBD),
spanning a longer observation period (1990-2019) and covering an
extensive geographical scope (globally across 204 countries). Based on
this data, we described the burden of CVD and reported changes in
transnational socioeconomic inequality due to CVD between 1990
and 2019. Our findings indicate that nations with lower levels of
societal development may shoulder the relatively burden of rheumatic
heart disease. In contrast, countries with higher societal development
levels may bear the relatively burden of nine other CVDs. The level of
health inequality linked with SDI for conditions such as rheumatic
heart disease, ischemic heart disease, cardiomyopathy and
myocarditis, and aortic aneurysm has declined over time.

It is generally believed that individuals residing in countries with
higher SDIs potentially have more access to and benefit from higher
quality health and medical services, possibly incurring a reduced
disease burden. However, this study quantified inequality based on
different demographic, socioeconomic, or geographical characteristics,
which aids in comparing health disparities across different periods,
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backgrounds, and indicators. Several factors may account for the
atypical association observed between the burden of cardiovascular
diseases and the level of social development. The global increase in
CVD-related DALYs can be attributed to population growth and
aging, which are the primary drivers of the overall increase in CVD
burden (2). It is estimated that the global population has grown from
5.35 billion (95% UI 5.24 to 5.46 billion) in 1990 to 7.74 billion (95%
UI 7.48 to 7.99 billion) in 2019 (18). By 2030, the global older adult
population is projected to exceed 1.4 billion (32).

Atherosclerotic disease, within the spectrum of cardiovascular
diseases, has traditionally been considered a condition prevalent in
affluent nations, aligning with the epidemiological transition concept.
High systolic blood pressure, high body mass index, and high low-density
lipoprotein cholesterol are regarded as the three most important factors
for cardiovascular disease DALY (2). Compared to low and middle-SDI
countries/regions, young people in high-SDI countries/regions report
higher frequencies of high stress, abdominal obesity, smoking, and
alcohol consumption (19). Recent studies in the United States, European
countries, and China have observed an increasing trend in stroke
incidence among middle-aged individuals (33-35). Similarly, this trend
may reflect an increased exposure to certain stroke risk factors in most
countries, such as high blood pressure, high BMI, and elevated fasting
blood glucose (36). In the United States, a concerning trend observed in
recent years (2017-2018) is a decreasing hypertension awareness among
the population with controlled blood pressure (37). Furthermore, the
decline in stroke incidence rates in most countries is insufficient to offset
the population growth and aging, resulting in an overall increase in stroke
disability over time. A study on income groups by the World Bank found
that the likelihood of new cases of subarachnoid hemorrhage in the high-
income group is more than twice that of the combined low-income to
middle-high-income group, and the increased risk of cerebral hemorrhage
in high-income countries may be related to the high relative clinical
significance and population attributable risk of hypertension in these
countries (38).In addition, approximately 70% of the global burden of
peripheral artery disease (PAD) is attributed to modifiable risk factors,
highlighting the potential of public health measures to mitigate the
burden of PAD by targeting these risk factors (39). The increasing SDI is
associated with an increased burden of PAD, potentially due to elevated
metabolic pressures, such as hypertension and blood glucose, in high-
income countries (40). Studies have indicated a U-shaped pattern in the
DALY and mortality rates of PAD, with the highest DALY and mortality
rates reported in countries with the highest SDI and income levels (39).
This pattern may suggest that the burden of PAD in countries with low
SDI and income is disproportionate to the prevalence, indicating
inadequate management of the PAD burden in these countries.
Considering the lower prevalence of PAD in low SDI and low-income
countries, mild or asymptomatic PAD may be a result of resource
limitations (41). Additionally, factors associated with socioeconomic
underdevelopment, such as limited access to care, inadequate quality of
care, and unfavorable conditions for lifestyle changes, may contribute to
amore severe burden of the disease (42). Therefore, timely diagnosis and
appropriate management of PAD in resource-constrained regions must
be emphasized in the international community, along with the exploration
of systematic-level differences in managing cardiovascular risk factors.

For atrial fibrillation (AF), social factors significantly impact
changes in DALYs. Studies have shown lower incidence rates in low
SDI regions, suggesting a higher proportion of undetected AF cases,
particularly among individuals with paroxysmal or asymptomatic AF
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(43). These disparities in detection and diagnosis may be attributed to
the unequal distribution of healthcare resources and strategies in
different socio-economic environments. At the same time,
cardiomyopathy is a major public health issue in Eastern Europe (44).
For example, binge drinking patterns such as alcohol, despite
restrictive alcohol policies in these countries, have helped to reduce
alcohol-related mortality, but the burden remains very high, consistent
with our study (45). Future strategies are needed in Eastern European
countries to strengthen the management of cardiomyopathy to
address health challenges. From 1990 to 2019, with the advancement
of medical technology, the increase in pathogenic bacteria and the
proliferation of implanted cardiac electronic devices have likely
contributed to the increased burden of infective endocarditis in high-
income countries (46). A recent review of key cardiac and non-cardiac
risk factors includes rheumatic heart disease, prosthetic valves,
intravenous drug use, and cardiac electronic devices (47). In the
United States, approximately 50% of these cases are healthcare-
associated and continue to rise, particularly with nosocomial
endocarditis, including prosthetic valve-related endocarditis,
intravenous drug use-related endocarditis, and cardiac electronic
device-related endocarditis (48). Similar trends can also be observed
in other developed countries, such as Spain and Italy (49, 50).
Additionally, the significant variation in the burden of endocarditis
may be attributed to the increasing burden of countries with high SDI
levels due to drugs and an aging population (51).

The Social Demographic Index primarily comprises the education
years, the average income level, and the total fertility rate. Therefore, due
to the different transitions in population growth and aging in different
countries, regions should devise corresponding strategies according to
their circumstances. The high exposure to risk factors for CVD among
young people in developed countries — such as obesity, physical
inactivity, poor diet, and psychosocial stresses — plays a crucial role (6,
8, 52, 53). Furthermore, while mortality rates of CVD have decreased
in the past 50 years in high-income countries (54), the extended life
expectancy and an aging population mean many patients face ongoing
out-of-pocket costs during their long-term healthcare journeys, which
can potentially plunge their families into poverty or even lead to
catastrophic healthcare expenses, exacerbating health inequities related
to CVD (2, 55). Moreover, the global inequality in burden for diseases
such as rheumatic heart disease, ischemic heart disease, cardiomyopathy
and myocarditis, and aortic aneurysms has steadily diminished over the
past 30years. This shift is attributed to nations recognizing these
diseases as major public health issues and directing substantial resources
toward monitoring and managing risk factors like alcohol consumption,
smoking, and hypertension (56). Additionally, the widespread usage of
medicines like aspirin, statins, diuretics, and B-blockers, advanced
medical technologies, and public health education campaigns have
likely diminished these health inequities (56). Rheumatic heart disease
is caused by an autoimmune response to Group A Streptococcal
infections, which leads to long-term damage to the heart valves (57).
Those living in impoverished areas bear a higher burden due to poor
sanitary conditions, repeated infections from exposure to harmful
pathogens, and lack of access to professional guidelines and
standardized treatment with medicines like penicillin (58). Most
countries with higher societal development levels have, in the past
30vyears, seen increasing urbanization and modernization, leading to
heightened exposures to harmful substances such as light and chemical
pollutants, escalating urban carbon emissions, and deteriorating air
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quality, which has spurred the incidence of CVD (59). While significant
progress has been made in preventing and managing CVD, they
continue to impose substantial health and economic burdens on
individuals, healthcare systems, and societies. As time progresses, the
inequality in the CVD burden associated with SDI has significantly
increased in many countries, suggesting that, over the past 30years,
with the increase in societal development levels, investments in
cardiovascular prevention, management, and treatment might have
been insufficient, and inequality may persist. This result underscores the
need to address cardiovascular disparities primarily through economic,
dietary, and lifestyle interventions. Adopting a plant-based, low-fat diet
supplemented with high-quality protein intake can reduce low-density
lipoprotein cholesterol levels, thereby mitigating the onset of CVD (60,
61). In high-income areas, refining secondary prevention and treatment
should be prioritized in policy-making, enhancing mitigation of risk
factors such as obesity and ensuring increased access to high-quality
treatment and care. In low-income areas, it is necessary to enhance
people’s awareness of CVD and improve healthcare workers’ diagnostic
capabilities to emphasize the early detection and prevention of CVD.

Several limitations should be noted. Firstly, due to the
imperfections in the healthcare systems of underdeveloped
countries, misdiagnosis and missed diagnoses could occur in GBD
studies. These could pose challenges to the accurate assessment of
CVD. Secondly, to overcome the unbalanced quality caused by
massive amounts of original data from different countries, the
GBD collaborators adopted efficient data cleaning methods and
advanced statistical modeling. However, this could lead to an over-
reliance on modeled data in GBD studies and a failure to consider
sociocultural and ethnic differences. Additionally, diagnostic
capabilities for CVD might evolve with societal and technological
advancements, and people’s understanding of diseases and
acceptance of health education are changing.

5 Conclusion

In summary, leveraging global data from the 2019 GBD, our
research investigates transnational inequality for overall CVD and ten
specific CVDs. We found that countries with higher SDI may bear a
relatively higher burden of CVD, except for rheumatic heart disease.
Over time, the level of health inequality linked with SDI for conditions
like rheumatic heart disease, ischemic heart disease, cardiomyopathy
and myocarditis, and aortic aneurysm has diminished, and for other
CVDs, the level of health inequality linked with SDI has increased.
However, in low- and middle-income countries, the large population,
the serious underreporting and inadequate healthcare systems make
this issue even more complex. There is an urgent need for further
research into determinants of the CVD burden and to establish
effective strategies for the management of CVD in countries with
higher levels of societal development and strengthen early diagnosis
and prevention in low- and middle-income countries.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Frontiers in Public Health

11

10.3389/fpubh.2024.1322574

Ethics statement

The studies involving humans were approved by Ethics
Committee of the Second People’s Hospital of Hefei. The studies
were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

BH: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing -
original draft, Writing - review & editing. JF: Supervision,
Writing - review & editing. YW: Supervision, Writing - review &
editing. LH: Supervision, Writing - review & editing. YF:
Supervision, Writing - review & editing.

Funding
The author(s) declare that no financial support was

received for the research, authorship, and/or publication of
this article.

Acknowledgments

The authors are grateful to all members who participated in the
2019 GBD study.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be of
interest.

construed as a potential conflict

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1322574/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1322574
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1322574/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1322574/full#supplementary-material

Hu et al.

References

1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global
burden of disease study 2019. Lancet. (2020) 396:1204-22. doi: 10.1016/
S0140-6736(20)30925-9

2. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al.
Global burden of cardiovascular diseases and risk factors, 1990-2019: update from the
gbd 2019 study. ] Am Coll Cardiol. (2020) 76:2982-3021. doi: 10.1016/j.jacc.2020.11.010

3. Benowitz NL, Liakoni E. Tobacco use disorder and cardiovascular health. Addiction.
(2022) 117:1128-38. doi: 10.1111/add.15703

4. Yu E, Malik VS, Hu FB. Cardiovascular disease prevention by diet modification:
JACC health promotion series. ] Am Coll Cardiol. (2018) 72:914-26. doi: 10.1016/j.
jacc.2018.02.085

5. Combes A, Franchineau G. Fine particle environmental pollution and
cardiovascular  diseases. Metabolism. (2019) 100:153944. doi: 10.1016/j.
metabol.2019.07.008

6. Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN. Sedentary behavior,
exercise, and cardiovascular health. Circ Res. (2019) 124:799-815. doi: 10.1161/
CIRCRESAHA.118.312669

7. Eckel RH, Bornfeldt KE, Goldberg IJ. Cardiovascular disease in diabetes, beyond
glucose. Cell Metab. (2021) 33:1519-45. doi: 10.1016/j.cmet.2021.07.001

8. Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-Larsen P, Lavie CJ, et al.
Obesity and cardiovascular disease: a scientific statement from the american heart
association. Circulation. (2021) 143:¢984-€1010. doi: 10.1161/CIR.0000000000000973

9. Gaziano TA. Cardiovascular disease in the developing world and its cost-effective
management. Circulation. (2005) 112:3547-53. doi: 10.1161/CIRCULATIONAHA.
105.591792

10. Townsend N, Kazakiewicz D, Lucy Wright F, Timmis A, Huculeci R, Torbica A,
et al. Epidemiology of cardiovascular disease in europe. Nat Rev Cardiol. (2022)
19:133-43. doi: 10.1038/s41569-021-00607-3

11. Fuster V. Top 10 cardiovascular therapies and interventions for the next decade.
Nat Rev Cardiol. (2014) 11:671-83. doi: 10.1038/nrcardio.2014.137

12. Transforming our world: the 2030 agenda for sustainable development. Available
at: https://sdgs.un.org/2030agenda (Accessed January 21, 2024).

13. Asada Y, Hurley J, Grignon M, Kirkland S. Health inequalities and inequities by
age: stability for the health utilities index and divergence for the frailty index. SSM Popul
Health. (2018) 5:17-32. doi: 10.1016/j.ssmph.2018.04.002

14. Harper S, Lynch J, Meersman SC, Breen N, Davis WW, Reichman ME. An
overview of methods for monitoring social disparities in cancer with an example using
trends in lung cancer incidence by area-socioeconomic position and race—ethnicity,
1992-2004. Am ] Epidemiol. (2008) 167:889-99. doi: 10.1093/aje/kwn016

15. Mackenbach JP, Kunst AE. Measuring the magnitude of socio-economic
inequalities in health: an overview of available measures illustrated with two examples
from europe. Soc Sci Med. (1997) 44:757-71. doi: 10.1016/s0277-9536(96)00073-1

16. Schlotheuber A, Hosseinpoor AR. Summary measures of health inequality: a
review of existing measures and their application. Int ] Environ Res Public Health. (2022)
19:19. doi: 10.3390/ijerph19063697

17. GBD 2019 Universal Health Coverage Collaborators. Measuring universal health
coverage based on an index of effective coverage of health services in 204 countries and
territories, 1990-2019: a systematic analysis for the global burden of disease study 2019.
Lancet. (2020) 396:1250-84. doi: 10.1016/S0140-6736(20)30750-9

18.GBD 2019 Demographics Collaborators. Global age-sex-specific fertility,
Mortality, healthy life expectancy (hale), and population estimates in 204 countries and
territories, 1950-2019: a comprehensive demographic analysis for the global burden of
disease study 2019. Lancet. (2020) 396:1160-203. doi: 10.1016/S0140-6736(20)30977-6

19. SunJ, Qiao Y, Zhao M, Magnussen CG, Xi B. Global, regional, and national burden
of cardiovascular diseases in youths and young adults aged 15-39 years in 204 countries/
territories, 1990-2019: a systematic analysis of global burden of disease study 2019. BMC
Med. (2023) 21:222. doi: 10.1186/s12916-023-02925-4

20. Xie Y, Bowe B, Mokdad AH, Xian H, Yan Y, Li T, et al. Analysis of the global
burden of disease study highlights the global, regional, and national trends of chronic
kidney disease epidemiology from 1990 to 2016. Kidney Int. (2018) 94:567-81. doi:
10.1016/j.kint.2018.04.011

21. Higher levels indicate better socioeconomic development. Global burden of
disease study. (Gbd 2019) socio-demographic index (sdi) 1950-2019. Available at:
https://ghdx.healthdata.org/record/ihme-data/gbd-2019-socio-demographic-index-
5di-1950-2019 (Accessed December 24, 2023).

22.Li Y, Wang H, Guan Z, Guo C, Guo P, du Y, et al. Persistence of severe global
inequalities in the burden of blindness and vision loss from 1990 to 2019: findings from
the global burden of disease study 2019. Br ] Ophthalmol. (2024) 108:301-9. doi:
10.1136/bjo-2022-321801

23. Hosseinpoor AR, Bergen N, Schlotheuber A. Promoting health equity: who health
inequality monitoring at global and national levels. Glob Health Action. (2015) 8:29034.
doi: 10.3402/gha.v8.29034

Frontiers in Public Health

12

10.3389/fpubh.2024.1322574

24. WHO. Handbook on health inequality monitoring: with a special focus on low- and
middle-income countries World Health Organization (2013).

25. Cao F, He YS, Wang Y, Zha CK, Lu JM, Tao LM, et al. Global burden and cross-
country inequalities in autoimmune diseases from 1990 to 2019. Autoimmun Rev. (2023)
22:103326. doi: 10.1016/j.autrev.2023.103326

26. Chang KC, Vamos EP, Palladino R, Majeed A, Lee JT, Millett C. Impact of the nhs
health check on inequalities in cardiovascular disease risk: a difference-in-differences
matching analysis. J Epidemiol Community Health. (2019) 73:11-8. doi: 10.1136/
jech-2018-210961

27.Cai A, Nie Z, Ou Y, Wang J, Chen Y, Lu Z, et al. Association between
sociodemographic status and cardiovascular risk factors burden in community
populations: implication for reducing cardiovascular disease burden. BMC Public
Health. (2022) 22:1996. doi: 10.1186/s12889-022-14374-4

28. Martens LG, van Hamersveld D, le Cessie S, Willems VDK, van Heemst D, Noordam
R. The impact of sociodemographic status on the association of classical cardiovascular
risk factors with coronary artery disease: a stratified Mendelian randomization study. J
Clin Epidemiol. (2023) 162:56-62. doi: 10.1016/j.jclinepi.2023.07.009

29. Alizadeh G, Gholipour K, Azami-Aghdash S, Dehnavieh R, JafarAbadi M, Azmin
M, et al. Social, economic, technological, and environmental factors affecting
cardiovascular diseases: a systematic review and thematic analysis. Int ] Prev Med. (2022)
13:78. doi: 10.4103/ijpvm.IJPVM_105_20

30. Santosa A, Rosengren A, Ramasundarahettige C, Rangarajan S, Gulec S, Chifamba
J, et al. Psychosocial risk factors and cardiovascular disease and death in a population-
based cohort from 21 low-, middle-, and high-income countries. JAMA Netw Open.
(2021) 4:2138920. doi: 10.1001/jamanetworkopen.2021.38920

31.Jilani MH, Javed Z, Yahya T, Valero-Elizondo J, Khan SU, Kash B, et al. Social
determinants of health and cardiovascular disease: current state and future directions
towards healthcare equity. Curr Atheroscler Rep. (2021) 23:55. doi: 10.1007/
$11883-021-00949-w

32. Moeteke NS. Improving healthcare systems and services in the face of population
ageing: policy considerations for low- and middle-income countries. Pan Afr Med J.
(2022) 43:190. doi: 10.11604/pam;.2022.43.190.30562

33. Shah R, Wilkins E, Nichols M, Kelly P, el-Sadi F, Wright FL, et al. Epidemiology
report: trends in sex-specific cerebrovascular disease mortality in europe based on who
mortality data. Eur Heart J. (2019) 40:755-64. doi: 10.1093/eurheartj/ehy378

34. Bejot Y, Delpont B, Giroud M. Rising stroke incidence in young adults: more
epidemiological evidence, more questions to be answered. ] Am Heart Assoc. (2016) 5:5.
doi: 10.1161/JAHA.116.003661

35. Wang W, Jiang B, Sun H, Ru X, Sun D, Wang L, et al. Prevalence, incidence, and
mortality of stroke in China: results from a nationwide population-based survey of 480
687 adults. Circulation. (2017) 135:759-71. doi: 10.1161/CIRCULATIONAHA.
116.025250

36. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global,
regional, and national prevalence of overweight and obesity in children and adults
during 1980-2013: a systematic analysis for the global burden of disease study 2013.
Lancet. (2014) 384:766-81. doi: 10.1016/S0140-6736(14)60460-8

37. Muntner P, Hardy ST, Fine L], Jaeger BC, Wozniak G, Levitan EB, et al. Trends in
blood pressure control among us adults with hypertension, 1999-2000 to 2017-2018.
JAMA. (2020) 324:1190-200. doi: 10.1001/jama.2020.14545

38. Owolabi MO, Sarfo F, Akinyemi R, Gebregziabher M, Akpa O, Akpalu A, et al.
Dominant modifiable risk factors for stroke in Ghana and Nigeria (siren): a case-control
study. Lancet Glob Health. (2018) 6:e436-46. doi: 10.1016/S2214-109X(18)30002-0

39. GBD 2019 Peripheral Artery Disease Collaborators. Global burden of peripheral
artery disease and its risk factors, 1990-2019: a systematic analysis for the global burden
of disease study 2019. Lancet Glob Health. (2023) 11:e1553-65. doi: 10.1016/
$2214-109X(23)00355-8

40. Chew N, Ng CH, Tan D, Kong G, Lin C, Chin YH, et al. The global burden of
metabolic disease: data from 2000 to 2019. Cell Metab. (2023) 35:414-428.€3. doi:
10.1016/j.cmet.2023.02.003

41. Kengne AP, Echouffo-Tcheugui JB. Differential burden of peripheral artery disease.
Lancet Glob Health. (2019) 7:¢980-1. doi: 10.1016/52214-109X(19)30293-1

42.Liu W, Yang C, Chen Z, Lei E, Qin JJ, Liu H, et al. Global death burden and
attributable risk factors of peripheral artery disease by age, sex, sdi regions, and countries
from 1990 to 2030: results from the global burden of disease study 2019. Atherosclerosis.
(2022) 347:17-27. doi: 10.1016/j.atherosclerosis.2022.03.002

43. Dong X]J, Wang BB, Hou FE, Jiao Y, Li HW, Lv SP, et al. Global burden of atrial
fibrillation/atrial flutter and its attributable risk factors from 1990 to 2019. Europace.
(2023) 25:793-803. doi: 10.1093/europace/euac237

44. Rehm J, Zatonksi W, Taylor B, Anderson P. Epidemiology and alcohol policy in
europe. Addiction. (2011) 106:11-9. doi: 10.1111/j.1360-0443.2010.03326.x

45. Peacock A, Leung J, Larney S, Colledge S, Hickman M, Rehm J, et al. Global
statistics on alcohol, tobacco and illicit drug use: 2017 status report. Addiction. (2018)
113:1905-26. doi: 10.1111/add.14234

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1322574
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1111/add.15703
https://doi.org/10.1016/j.jacc.2018.02.085
https://doi.org/10.1016/j.jacc.2018.02.085
https://doi.org/10.1016/j.metabol.2019.07.008
https://doi.org/10.1016/j.metabol.2019.07.008
https://doi.org/10.1161/CIRCRESAHA.118.312669
https://doi.org/10.1161/CIRCRESAHA.118.312669
https://doi.org/10.1016/j.cmet.2021.07.001
https://doi.org/10.1161/CIR.0000000000000973
https://doi.org/10.1161/CIRCULATIONAHA.105.591792
https://doi.org/10.1161/CIRCULATIONAHA.105.591792
https://doi.org/10.1038/s41569-021-00607-3
https://doi.org/10.1038/nrcardio.2014.137
https://sdgs.un.org/2030agenda
https://doi.org/10.1016/j.ssmph.2018.04.002
https://doi.org/10.1093/aje/kwn016
https://doi.org/10.1016/s0277-9536(96)00073-1
https://doi.org/10.3390/ijerph19063697
https://doi.org/10.1016/S0140-6736(20)30750-9
https://doi.org/10.1016/S0140-6736(20)30977-6
https://doi.org/10.1186/s12916-023-02925-4
https://doi.org/10.1016/j.kint.2018.04.011
https://ghdx.healthdata.org/record/ihme-data/gbd-2019-socio-demographic-index-sdi-1950-2019
https://ghdx.healthdata.org/record/ihme-data/gbd-2019-socio-demographic-index-sdi-1950-2019
https://doi.org/10.1136/bjo-2022-321801
https://doi.org/10.3402/gha.v8.29034
https://doi.org/10.1016/j.autrev.2023.103326
https://doi.org/10.1136/jech-2018-210961
https://doi.org/10.1136/jech-2018-210961
https://doi.org/10.1186/s12889-022-14374-4
https://doi.org/10.1016/j.jclinepi.2023.07.009
https://doi.org/10.4103/ijpvm.IJPVM_105_20
https://doi.org/10.1001/jamanetworkopen.2021.38920
https://doi.org/10.1007/s11883-021-00949-w
https://doi.org/10.1007/s11883-021-00949-w
https://doi.org/10.11604/pamj.2022.43.190.30562
https://doi.org/10.1093/eurheartj/ehy378
https://doi.org/10.1161/JAHA.116.003661
https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1001/jama.2020.14545
https://doi.org/10.1016/S2214-109X(18)30002-0
https://doi.org/10.1016/S2214-109X(23)00355-8
https://doi.org/10.1016/S2214-109X(23)00355-8
https://doi.org/10.1016/j.cmet.2023.02.003
https://doi.org/10.1016/S2214-109X(19)30293-1
https://doi.org/10.1016/j.atherosclerosis.2022.03.002
https://doi.org/10.1093/europace/euac237
https://doi.org/10.1111/j.1360-0443.2010.03326.x
https://doi.org/10.1111/add.14234

Hu et al.

46. Chen H, Zhan Y, Zhang K, Gao Y, Chen L, Zhan J, et al. The global, regional, and
national burden and trends of infective endocarditis from 1990 to 2019: results from the
global burden of disease study 2019. Front Med (Lausanne). (2022) 9:774224. doi:
10.3389/fmed.2022.774224

47. Cahill T, Prendergast BD. Infective endocarditis. Lancet. (2016) 387:882-93. doi:
10.1016/S0140-6736(15)00067-7

48. Toyoda N, Chikwe J, Itagaki S, Gelijns AC, Adams DH, Egorova NN. Trends in
infective endocarditis in California and New York state, 1998-2013. JAMA. (2017)
317:1652-60. doi: 10.1001/jama.2017.4287

49. Olmos C, Vilacosta I, Fernandez-Pérez C, Bernal JL, Ferrera C, Garcia-Arribas D,
et al. The evolving nature of infective endocarditis in Spain: a population-based study
(2003 to 2014). ] Am Coll Cardiol. (2017) 70:2795-804. doi: 10.1016/j.jacc.2017.10.005

50. Cresti A, Chiavarelli M, Scalese M, Nencioni C, Valentini S, Guerrini E et al.
Epidemiological and mortality trends in infective endocarditis, a 17-year population-based
prospective study. Cardiovasc Diagn Ther. (2017) 7:27-35. doi: 10.21037/cdt.2016.08.09

51. GBD 2016 Alcohol and Drug Use Collaborators. The global burden of disease
attributable to alcohol and drug use in 195 countries and territories, 1990-2016: a
systematic analysis for the global burden of disease study 2016. Lancet Psychiatry. (2018)
5:987-1012. doi: 10.1016/52215-0366(18)30337-7

52. Lichtenstein AH, Appel L], Vadiveloo M, Hu FB, Kris-Etherton PM, Rebholz CM,
etal. 2021 dietary guidance to improve cardiovascular health: a scientific statement from
the american heart association. Circulation. (2021) 144:e472-87. doi: 10.1161/
CIR.0000000000001031

53. Schloss MJ, Swirski FK, Nahrendorf M. Modifiable cardiovascular risk, hematopoiesis,
and innate immunity. Circ Res. (2020) 126:1242-59. doi: 10.1161/CIRCRESAHA.120.315936

Frontiers in Public Health

13

10.3389/fpubh.2024.1322574

54. Klenk J, Keil U, Jaensch A, Christiansen MC, Nagel G. Changes in life expectancy
1950-2010: contributions from age- and disease-specific mortality in selected countries.
Popul Health Metrics. (2016) 14:20. doi: 10.1186/s12963-016-0089-x

55. Deng P, Fu Y, Chen M, Wang D, Si L. Temporal trends in inequalities of the burden
of cardiovascular disease across 186 countries and territories. Int ] Equity Health. (2023)
22:164. doi: 10.1186/s12939-023-01988-2

56. Luepker RV. Cardiovascular disease: rise, fall, and future prospects. Annu Rev
Public Health. (2011) 32:1-3. doi: 10.1146/annurev-publhealth-112810-151726

57. Kumar RK, Antunes MJ, Beaton A, Mirabel M, Nkomo VT, Okello E, et al.
Contemporary diagnosis and management of rheumatic heart disease: implications for
closing the gap: a scientific statement from the american heart association. Circulation.
(2020) 142:€337-57. doi: 10.1161/CIR.0000000000000921

58. Marijon E, Mirabel M, Celermajer DS, Jouven X. Rheumatic heart disease. Lancet.
(2012) 379:953-64. doi: 10.1016/S0140-6736(11)61171-9

59. Miinzel T, Serensen M, Lelieveld J, Hahad O, al-Kindi S, Nieuwenhuijsen M, et al.
Heart healthy cities: genetics loads the gun but the environment pulls the trigger. Eur
Heart J. (2021) 42:2422-38. doi: 10.1093/eurheartj/ehab235

60.Sacks FM, Lichtenstein AH, Wu J, Appel L], Creager MA, Kris-Etherton PM,
et al. Dietary fats and cardiovascular disease: a presidential advisory from the
american heart association. Circulation. (2017) 136:el-e23. doi: 10.1161/
CIR.0000000000000510

61. Carson J, Lichtenstein AH, Anderson C, Appel L], Kris-Etherton PM, Meyer
KA, et al. Dietary cholesterol and cardiovascular risk: a science advisory from the
american heart association. Circulation. (2020) 141:e39-53. doi: 10.1161/CIR.0000
000000000743

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1322574
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3389/fmed.2022.774224
https://doi.org/10.1016/S0140-6736(15)00067-7
https://doi.org/10.1001/jama.2017.4287
https://doi.org/10.1016/j.jacc.2017.10.005
https://doi.org/10.21037/cdt.2016.08.09
https://doi.org/10.1016/S2215-0366(18)30337-7
https://doi.org/10.1161/CIR.0000000000001031
https://doi.org/10.1161/CIR.0000000000001031
https://doi.org/10.1161/CIRCRESAHA.120.315936
https://doi.org/10.1186/s12963-016-0089-x
https://doi.org/10.1186/s12939-023-01988-2
https://doi.org/10.1146/annurev-publhealth-112810-151726
https://doi.org/10.1161/CIR.0000000000000921
https://doi.org/10.1016/S0140-6736(11)61171-9
https://doi.org/10.1093/eurheartj/ehab235
https://doi.org/10.1161/CIR.0000000000000510
https://doi.org/10.1161/CIR.0000000000000510
https://doi.org/10.1161/CIR.0000000000000743
https://doi.org/10.1161/CIR.0000000000000743

	Transnational inequities in cardiovascular diseases from 1990 to 2019: exploration based on the global burden of disease study 2019
	1 Introduction
	2 Methods
	2.1 Data source
	2.2 Burden description
	2.3 Cross-country inequality analysis
	2.4 Statistical analysis

	3 Results
	3.1 Cardiovascular diseases
	3.2 Rheumatic heart disease
	3.3 Ischemic heart disease
	3.4 Stroke
	3.5 Hypertensive heart disease
	3.6 Non-rheumatic valvular heart disease
	3.7 Cardiomyopathy and myocarditis
	3.8 Atrial fibrillation and flutter
	3.9 Aortic aneurysm
	3.10 Peripheral artery disease
	3.11 Endocarditis

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

