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ABSTRACT
Aims: This study examines global trends in cardiovascular disease (CVD) associated with kidney
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dysfunction (KD) from 1990 to 2021 and projects future trends through 2050.

Methods: This study analyzed the 2021 Global Burden of Disease (GBD) database, focusing on
age-standardized mortality rate (ASMR), age-standardized disability-adjusted life years rate (ASDR),
absolute numbers, estimated annual percentage change, and average annual percent change. A
Bayesian age-period-cohort model was employed to project global trends from 2022 to 2050.
Variables included age, gender, national levels, and Socio-demographic Index (SDI) regions.
Results: From 1990 to 2021, the CVD burden from KD increased, with deaths rising from 1,312,393
to 2,095,800 and DALYs from 27,382,767 to 41,589,861. However, the ASMR decreased from 40.58
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per 100,000 in 1990 to 25.55 in 2021, while ASDR fell from 742.17 to 489.81 during the same Prediction

period. The burden was higher in men, peaking at ages 70-74 and in women at ages 85-89.
Regions with lower-middle and low SDI recorded the highest CVD burden, inversely related to SDI
levels. Geographically, Central Asia and Eastern Europe recorded the highest rates, while
high-income Asia Pacific and Southern Latin America had the lowest. Projections suggest a
sustained decline in global CVD burden due to KD from 2022 to 2050, although disparities
between sexes are expected to persist, with men bearing a heavier burden.

Conclusion: CVD attributable to KD remains a major global public health challenge, especially for
men, the elderly, and low SDI regions. These spatial and temporal variations highlight the need
for region-specific healthcare strategies.

Introduction CVD is associated with several modifiable risk factors,
most notably kidney dysfunction (KD) [5]. KD increases the
risk of CVD and acts as a risk multiplier, particularly for indi-
viduals with hypertension or diabetes [6]. Defined by reduced

kidney function, KD is characterized by metabolite retention,

Cardiovascular disease (CVD) is the leading cause of global
morbidity and mortality, posing significant economic chal-
lenges both regionally and worldwide [1]. Between 1990 and
2019, CVD cases nearly doubled, increasing from 271 million

to 523 million, while deaths rose from 12.1 million to 18.6
million [2]. CVD includes conditions such as ischemic heart
disease, coronary artery disease, stroke, myocardial infarction,
and congestive heart failure. Notably, nearly 80% of CVD
cases occur in low- and middle-income countries, where
aging populations and rapid urbanization exacerbate the
incidence and impact of these diseases [3]. To effectively
address the CVD epidemic, urgent actions are required.
Therefore, developing prevention strategies at both popula-
tion and individual levels is essential to alleviate the overall
burden of CVD [4].

water, and electrolyte imbalances, and systemic symptoms. If
left untreated, KD can progress to end-stage renal disease
(ESRD), requiring dialysis or kidney transplantation [7].
Globally, nearly 10% of adults are affected by various kidney
diseases [8]. Over the past three decades, deaths from KD
have increased from 1,571,720 to 3,161,552, while disability-
adjusted life years (DALYs) have risen from 42,090,331 to
76,486,945. Although age-standardized rates (ASR) for deaths
and DALYs have decreased, their total counts are projected
to increase [9]. KD is often difficult to detect in its early
stages but can lead to fatal outcomes in advanced stages,
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with many patients unaware of their condition, especially in
regions with limited economic development and healthcare
infrastructure [10]. Thus, the CVD burden linked to KD
remains a critical public health issue.

Previous studies have identified KD as a significant risk
factor for non-communicable diseases [11]. However, no
comprehensive analysis has yet quantified the CVD burden
attributable to KD. Our findings build upon earlier research,
offering policymakers valuable insights into the long-term
impact of prevention strategies.

In this study, we analyzed the CVD burden linked to KD,
considering various factors such as global trends, age, gen-
der, national levels, and Socio-demographic Index (SDI)
regions. We utilized mortality and DALYs data from the 2021
Global Burden of Disease (GBD) study. To assess temporal
trends from 1990 to 2021, we applied a joinpoint regression
model. Additionally, the Bayesian age-period-cohort (BAPC)
model was used to project trends from 2022 to 2050.

Methods
Data sources

Mortality, DALYs, and their age-standardized rates, including
age-standardized mortality rate (ASMR) and age-standardized
disability-adjusted life years rate (ASDR), associated with
KD-related CVD and specific CVDs, were obtained from the
Global Health Data Exchange (GHDx) query tool (https://
ghdx.healthdata.org/gbd-2021). This dataset covers the
period from 1990 to 2021 and spans global demographics,
including age, gender, and national levels, as well as SDI
regions across 204 countries and territories. This study was
approved by the University of Washington in Seattle, WA,
which waived informed consent because only de-identified
and aggregated data were utilized.

Definitions

KD is characterized by impaired kidney function, which leads
the retention of metabolites and imbalances in water, electro-
lytes, and acid-base metabolism. Over time, these changes
cause systemic symptoms and may progress to ESRD, necessi-
tating dialysis or kidney transplantation [12]. Over the past
four decades, nephrologists have identified two main syn-
dromes within KD: acute kidney injury and chronic kidney dis-
ease (CKD). These syndromes are defined by serum creatinine
levels or glomerular filtration rate (GFR), with KD specifically
defined as GFR < 60mL/min/1.73 m? or an albumin to creati-
nine ratio (ACR) > 30mg/g, which are levels that minimize risk
at the population level. Both GFR and ACR significantly con-
tribute to the increased disability and mortality associated
with non-communicable diseases [11,13]. Furthermore, KD is a
major risk factor for cardiovascular disease and exacerbates
risks for patients with hypertension or diabetes [14].

According to GBD 2021, KD-related cardiovascular dis-
eases mainly include ischemic heart disease, stroke, and
lower extremity peripheral arterial disease.

DALYs provide an integrative measure of the burden
imposed by CVD related to KD. DALYs combine years lived
with disability (YLDs) and years of life lost (YLLs) from prema-
ture deaths attributable to KD-related CVD. YLDs are calcu-
lated by the multiplying the number of individuals affected
by KD-related CVD and the disability weight, which ranges
from 0 (perfect health) to 1 (death). Conversely, YLLs are
derived by multiplying the number of deaths in each age
group by the standard life expectancy for that cohort [7].

The SDI is a comprehensive measure of a country’s socio-
economic status. It is calculated by averaging the rankings of
three key indicators: per capital income, average educational
attainment, and fertility rates of women under 25years old
[15]. Subsequently, the world is divided into 21 GBD regions,
based on socioeconomic factors and geographic location.

Statistical analyses

This research involved a secondary analysis of the GBD data-
base. We used multiple metrics to quantify the burden of
CVD attributable to KD. These metrics included the ASR, abso-
lute numbers, percent change, estimated annual percentage
change (EAPC), and average annual percent change (AAPC).
Additionally, we forecasted global burden trends by sex from
2022 to 2050 using a BAPC model. Understanding these
trends is essential for developing targeted interventions.

First, this study utilized data from the GBD database,
encompassing all age groups. Absolute numbers, percentage
changes, ASMR, and ASDR were directly sourced from the
GBD 2021 data. Each came with 95% uncertainty intervals
(Uls). To calculate the EAPC and its 95% confidence intervals
(Cls), a linear regression was applied to the natural logarithm
of the ASRs. An ASR is considered to trend downward if both
the EAPC estimate and its 95% Cl upper bound are below 0.
Conversely, an upward trend is noted if the EAPC estimate
and its 95% Cl lower bound exceed 0. If neither condition is
met, the ASR is considered stable over time [16].

Second, we used a joinpoint regression model to assess
temporal trends in the CVD burden due to KD. Specifically,
we employed the log-linear model (In(y) = xb), which is
well-suited for analyzing relative changes in disease burden
over time. Model optimization was conducted using permu-
tation tests with a significance level (alpha) set at 0.05 and
4499 permutations. The significance of joinpoints was tested
using this threshold. The number of joinpoints was set to
range from a minimum of 0 to a maximum of 6, and the
program determined the optimal number of joinpoints for
the model. This model was implemented using Joinpoint
software from the National Cancer Institute (Rockville, MD,
USA). We calculated the AAPC and its 95% Cl to evaluate the
trends. When the Cl of the AAPC estimate is greater than 0,
the indicator trends upward; it trends downward if less than
0, and is stable when the interval includes 0 [17].

Third, we utilized the BAPC model to project global dis-
ease burden trends by sex from 2022 to 2050. The model
relies on three key assumptions: First, age, period, and cohort
effects are additive and can be separated temporally; Second,
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smoothness priors ensure that adjacent time periods and
birth cohorts have similar effect sizes; Third, historical
age-period-cohort interaction patterns continue during the
projection period. We chose the BAPC model for the follow-
ing reasons: First, its Bayesian framework with penalized
complexity priors minimizes overfitting in small-population
regions, such as low-SDI countries; Second, the use of
Integrated Nested Laplace Approximations (INLA) addresses
the convergence issues often encountered with Markov chain
Monte Carlo methods in high-dimensional parameter spaces
[13]; Third, the model’s wide application in analyzing chronic
disease trends and forecasting future disease burdens ensures
comparability with previous studies [11]. The BAPC model
employs Bayesian inference and a second-order stochastic
excursion to smooth prior values and predict posterior rates.
It uses INLA to estimate marginal posterior distributions [13],
a method extensively used in chronic disease trend analysis
and burden forecasting.

Additionally, we explored the relationships between
age-standardized DALYs, death rates and the SDI across 21
GBD regions and 204 countries. This analysis was conducted
using locally estimated scatterplot smoothing regression. For
statistical analysis and data visualization, we utilized R statistical
software (version 4.2.3) and Joinpoint software (version 5.1.0).

Results

Global burden of cardiovascular disease attributable to
kidney dysfunction

Deaths worldwide attributed to CVD linked to KD rose from
1,312,393 (95% Ul 1,032,996 to 1,571,479) in 1990 to 2,095,800
(95% Ul 1,638,359 to 2,562,746) in 2021, marking a 59.59%
increase. However, the global burden declined after adjusting
for temporal and age-related influences. The ASMR for
KD-related CVD decreased from 40.58 (95% Ul 31.93 to 49.24)
per 100,000 persons in 1990 to 25.55 (95% Ul 19.84 to 31.36)
per 100,000 persons in 2021. This decline corresponds to an
EAPC of —1.57 (95% Cl —1.62 to —1.52) (Tables 1 and 2). Over
the period from 1990 to 2021, the AAPC was —1.49 (95% ClI
-171 to -1.27), showing statistical significance. Joinpoint
regression identified four significant shifts in ASMR, occurring in
1995, 1998, 2004, and 2007 (Figure 1; Supplementary Table S1).

Similarly, the DALYs associated with KD-related CVD
increased from 27,382,767 (95% Ul 22,234,707 to 32,604,562)
in 1990 to 41,589,861 (95% Ul 33,250,168 to 50,391,379) in
2021, reflecting a 51.88% rise. Despite this increase in abso-
lute numbers, the ASDR decreased from 742.17 (95% UI
597.93 to 879.88) per 100,000 in 1990 to 489.81 (95% UI
391.39 to 593.21) per 100,000 in 2021. This decline was
accompanied by an EAPC of —1.44 (95% Cl —1.49 to —1.38)
annually (Tables 1 and 2). Over the entire period (from 1990
to 2021), the AAPC was found to be —1.31 (95% Cl —1.52 to
—1.11), indicating statistical significance. Joinpoint regression
analysis further identified significant shifts in ASDR in 1995,
1998, 2004, 2007, and 2019 (Figure 1; Supplementary mate-
rial, Table ST1).
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In 2021, ischemic heart disease ranked as the primary
cause of CVD deaths associated with KD, with an ASMR of
17.18 (95% Ul 11.94 to 21.83) per 100,000 population. Stroke
followed, with an ASMR of 8.10 (95% Ul 5.58 to 10.73), and
lower extremity peripheral arterial disease, with an ASMR of
0.27 (95% Ul 0.18 to 0.36). From 1990 to 2021, all CVD sub-
categories showed a declining trend in mortality burden. The
variations in ASDR across CVD subcategories were consistent
with those observed in ASMR (Tables 1 and 2).

Global burden of cardiovascular disease attributable to
kidney dysfunction by sex and age

Throughout the past three decades, it has been observed
that men have borne a heavier KD-related CVD burden com-
pared to women globally. In 2021, mortality peaked for men
aged 70-74years and women aged 85-89years. The DALYs
were highest for men aged 65-69 and for women aged
70-74years. Before the age of 80, both mortality and DALYs
were higher in males than females. Beyond age 80, these
numbers were lower in males than in females. In addition,
age-specific mortality and DALYs rates increased with age,
with higher rates observed in the elderly. Consistently, these
rates were higher in males than females across all age groups
(Figure 2).

From 1990 to 2021, both mortality and DALYs due to
KD-attributed CVD more than doubled for both genders.
Males were consistently more affected than females during
this period. In contrast, the global ASMR and ASDR for
KD-related CVD slightly decreased for both sexes during the
same period. Specifically, the ASMR in men fell from 44.65
(95% Ul 35.01 to 53.89) per 100,000 persons in 1990 to 30.25
(95% Ul 23.76 to 37.38) per 100,000 persons in 2021, with an
EAPC of —1.29 (95% Cl —1.34 to —1.25) and an AAPC of -1.23
(95% Cl -1.42 to —1.04). In women, the ASMR decreased
from 37.02 (95% Ul 28.84 to 45.52) per 100,000 persons in
1990 to 21.67 (95% Ul 16.77 to 26.76) per 100,000 persons in
2021, with an EAPC of —1.82 (95% Cl —1.88 to —1.76) and an
AAPC of —-1.71 (95% Cl —-1.90 to —1.52) (Table 1, Figures 1
and 3; Supplementary material, Table S1). Similarly, the ASDR
in men decreased from 851.58 (95% Ul 686.58 to 1023.05)
per 100,000 persons in 1990 to 598.14 (95% Ul 479.64 to
722.15) per 100,000 persons in 2021, with an EAPC of —1.21
(95% CI —1.26 to —1.16) and an AAPC of —1.12 (95% Cl —1.33
to —0.91). The ASDR in women decreased from 642.58 (95%
Ul 519.51 to 765.26) per 100,000 persons in 1990 to 392.51
(95% Ul 312.52 to 473.79) per 100,000 persons in 2021, with
an EAPC of —1.70 (95% Cl —1.77 to —1.64) and an AAPC of
-1.58 (95% Cl —-1.75 to —1.41)] (Table 2, Figures 1 and 3;
Supplementary material, Table S1).

Global burden of cardiovascular disease attributable to
kidney dysfunction by SDI

In 2021, the highest ASMR and ASDR for KD-related CVD
were observed in regions with low-middle SDI (ASMR
34.76/100,000; ASDR 709.62/100,000) and low SDI (ASMR
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6 . T.ZHANG ET AL.

Figure 1. Joinpoint regression analysis of the sex-specific age-standardized mortality (A) and DALYs (B) rate (per 100,000 population) for cardiovascular
disease attributable to kidney dysfunction from 1990 to 2021. ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life years

rate; DALYs, disability-adjusted life years.

29.8/100,000; ASDR 597.97/100,000). In contrast, regions with
high SDI exhibited the lowest ASMR and ASDR (ASMR
12.84/100,000; ASDR 220.4/100,000), and regions with
high-middle SDI had even lower rates (ASMR 28.2/100,000;
ASDR 482.12/100,000). From 1990 to 2021, ASMR and ASDR
followed similar trends across the five SDI categories (Tables
1 and 2). Figure 4 illustrates a negative correlation between
SDI and both ASMR (p = —0.318, p<0.001) and ASDR (p =
—0.418, p<0.001) across 21 GBD regions. Notably, ASMR and
ASDR trends showed an overall decrease as SDI exceeded 0.7.

However, discrepancies were observed where local trends
did not align with SDI quintiles. For instance, in South Asia,
ASMR and ASDR remained stable despite increasing SDI.
Results in Figure 5 further supports the relationship between

ASMR (p = —0.436, p<0.001) or ASDR (p = —0.505, p<0.001)
and SDI across all countries in 2021. Generally, these rates
initially increased with rising SDI up to approximately 0.59,
after which they declined with further increases in SDI.
Particularly, regions with low-middle to middle SDI (SDI: 0.5-
0.7) had the highest KD-related CVD ASMR and ASDR. In
countries like Nauru, Turkmenistan, and Uzbekistan, ASMR
and ASDR were notably higher than predicted by SDI alone.

Global burden of cardiovascular disease attributable to
kidney dysfunction by different geographic regions

In 2021, the regions with the lowest ASMR and ASDR for
KD-attributed CVD were high-income Asia Pacific (ASMR
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Figure 2. Age-specific numbers and rates of deaths and DALYs of cardiovascular disease attributable to kidney dysfunction by gender, 2021. (A) Age-specific
deaths number; (B) Age-specific deaths rate; (C) Age-specific DALYs number; (D) Age-specific DALYs rate. DALYs, disability-adjusted life years.

6.89/100,000; ASDR 128.42/100,000), Southern Latin America
(ASMR 9.14/100,000; ASDR 165.45/100,000), Australasia (ASMR
9.64/100,000; ASDR 139.51/100,000), and Western Europe
(ASMR 10.27/100,000; ASDR 156.51/100,000). In contrast,
regions such as Central Asia (ASMR 70.71/100,000; ASDR
1243.96/100,000), Eastern Europe (ASMR 56.48/100,000; ASDR
968.69/100,000), and Oceania (ASMR 41.27/100,000; ASDR
891.76/100,000) bored the highest burden for the same
period (Tables 1 and 2). Notably, East Asia and South Asia
reported the highest number of deaths and DALYs associated
with KD-related CVD in 2021. Between 1990 and 2021, the
largest increases in deaths and DALYs related to KD-attributed
CVD were observed in South Asia and Central Latin America
(Tables 1 and 2).

In 2021, among 204 countries or territories, San Marino
(ASMR 5.67/100,000; ASDR 92.46/100,000) and France (ASMR
6.3/100,000; ASDR 97.37/100,000) displayed the lowest ASMR
and ASDR for KD-related CVD and France. Conversely, the
highest ASMR and ASDR were recorded in Nauru (ASMR
96.88/100,000; ASDR 2,268.19/100,000) and Turkmenistan
(ASMR 91.46/100,000; ASDR 1,720.8/100,000) (Supplementary
material, Tables S2 and S3; Figure 6). Significant reductions in
ASMR and ASDR from 1990 to 2021 were observed in coun-
tries such as lIsrael, Denmark, Republic of Korea, Portugal,
and Estonia. In contrast, Lesotho and Zimbabwe had the
most significant increases (Supplementary material, Tables S2

and S3, Figure S1). Notably, China and India reported the
highest numbers of deaths and DALYs due to KD-related CVD
in 2021 (Supplementary material, Tables S2 and S3, Figure
S2). Meanwhile, Djibouti and Honduras showed the most
substantial increase in death cases and DALYs from 1990 to
2021 (Supplementary material, Tables S2 and S3).

Global trends of cardiovascular disease attributable to
kidney dysfunction predicted by the BAPC model

Overall, the ASMR and ASDR of KD attributable to CVD are
predicted to decline from 2022 to 2050 for both sexes.
However, sex differences persist, with men experiencing a
greater disease burden than women. Globally, ASMR is
expected to decrease by approximately 26.8 per 100,000
population in men and 16.7 per 100,000 population in
women. Similarly, ASDR is predicted to decline to 571.3 per
100,000 for men and 335.2 per 100,000 for women (Figure 7).

Discussion

Current study provides a comprehensive assessment of
global CVD trends attributed to KD across various geographic
regions and countries. It also projects trends from 2022 to
2050. While absolute deaths and DALYs from KD-related CVD
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Figure 3. Temporal trends in deaths (A) and DALYs (B) number and age-standardized rate (per 100,000 population) for cardiovascular disease attributable
to kidney dysfunction by sex from 1990 to 2021. ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life years rate; DALYs,

disability-adjusted life years.

increased, the ASMR and ASDR decreased between 1990 and
2021. In 2021, ischemic heart disease and stroke were the
leading contributors to the global CVD burden from KD.
Males consistently experienced a higher burden of KD-related
CVD than females. Furthermore, older populations have
higher CVD burdens than younger populations. Across vari-
ous SDI regions, the ASMR and ASDR exhibited similar trends,
with notable changes in high SDI areas. In 2021, low SDI
regions recorded the highest ASMR and ASDR, while high
SDI regions had the lowest. From 1990 to 2021, high SDI
regions saw declines in both mortality and DALYs, unlike the
increases observed in other regions. Significant geographic
disparities exist, with Central Asia exhibiting the highest
ASMR and ASDR, while the High-income Asia Pacific region

has the lowest. In 2021, San Marino and France reported the
lowest ASMR and ASDR, while Nauru and Turkmenistan had
the highest. Over the next thirty years, the incidence to
KD-related CVD is expected to decline, though men will con-
tinue to experience a greater disease burden than women.
To mitigate this burden, particularly among males, the
elderly, and population in the lower SDI regions, targeted
strategies are essential.

Extensive epidemiologic and clinical research has estab-
lished a clear relationship between KD and the incidence and
mortality of CVD [18,19]. As a vital excretory organ, kidney
maintains homeostasis and contributes to drug metabolism.
Globally, approximately 861 million individuals worldwide are
affected by KD [20]. The estimated glomerular filtration rate
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Figure 4. The global age-standardized mortality and DALYs rate (per 100,000 population) for cardiovascular disease attributable to kidney dysfunction by
SDI across 21 GBD regions for both sexes from 1990 to 2021. The p indices and P-values were derived from Pearson’s correlation analysis. The black line
indicated the value for all areas based on estimates from 1990 to 2021. For each region, points from left to right depict estimates for each year from 1990
to 2021. ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life years rate; DALYs, disability-adjusted life years; SDI,

Socio-Demographic index.

(eGFR) is a key metric for evaluating kidney function and is
independently associated with CVD incidents and overall
mortality. Notably, CVD incidence increases as eGFR decreases
[19]. When eGFR falls below 60mL/min/1.73 m? the
age-adjusted rate of cardiovascular events increases with fur-
ther eGFR reductions [21]. Analysis of data from the National
Health and Nutrition Examination Survey (NHANES) Il revealed
that an initial eGFR of <70mL/min/1.73 m? was associated
with a 51% higher adjusted risk of cardiovascular mortality
than an eGFR of =90mL/min/1.73 m? [22].

Our recent study have revealed a significant increase in
global mortality and DALYs associated with KD-related CVD
between 1990 and 2021. This increase is primarily driven by
rapid population expansion and an aging demographic.
Conversely, there has been a slight decline in global
age-standardized mortality and disability rates, likely due to
age standardization reflecting demographic structure adjust-
ments. This trend may also indicate advancements in health-
care provision, preventive strategies, and disease management.

Age-specific analysis shows that mortality and DALYs due
to KD-related CVD rise with increasing age. Elderly individu-
als exhibit higher rates than younger populations, consistent
with previous studies [23]. This pattern largely results from
older patients experiencing multiple comorbidities. Over a
lifetime, the accumulation of cardiovascular risk factors
adversely impacts their health. These factors, both modifiable
or non-modifiable, are diverse and often associated with

metabolic comorbidities prevalent in older adults [24]. Age is
inherently a non-modifiable risk factor [25]. Furthermore,
older adults often use medications that might further worsen
kidney function. Behavioral and metabolic factors, such as
physical activity and dietary intake, are also crucial in aging
populations [26]. Interestingly, although the absolute number
of deaths and DALYs is lower in men over 80 compared to
women, the rates are higher for men. This discrepancy may
be due to women'’s longer life expectancy [27]. Cardiovascular
disease remains a leading cause of disability and mortality
among the elderly, highlighting the need for early disease
detection and management of risk factors to delay disease
onset or progression.

Our gender analysis reveals that male bear a greater bur-
den of CVD attributable to KD than females. This disparity
arises a mix of biological, behavioral, and sociocultural fac-
tors. Biologically, estrogen protects women by interacting
with both the classic estrogen receptor and the G
protein-coupled estrogen receptor [28]. Beyond hormonal
influences, sex-specific regulation of cardiometabolic pro-
cesses, particularly via SRY regulation, significantly impacts
variations in cardiovascular disease risk [28]. Behaviorally,
men tend to have higher levels of risk factors such as smok-
ing, obesity, hypertension, and elevated blood sugar [29,30].
Despite variations in the burden of KD-related CVD among
different age and sex groups, it remains a significant health
issue among the older adults globally. Hence, implementing
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Figure 5. The global age-standardized mortality and DALYs rate (per 100,000 population) for cardiovascular disease attributable to kidney dysfunction by
SDI across 204 countries and territories in 2021. The black line represents an adaptive association obtained by fitting adaptive Loess regression using all
available data points. ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life years rate; DALYs, disability-adjusted life years;

SDI, Socio-Demographic index.

sex-responsive programs to address KD-related CVD in older
populations is essential.

Moreover, our analysis of geographic location and socio-
economic status revealed significant variations in the burden
and trends of KD-related CVD. These differences likely result
from demographic disparities and variations in healthcare
access and quality, which are influenced by socioeconomic
development [31]. Over the past three decades, mortality
and DALYs from KD-related CVD rose by 59.69% and 51.88%,
respectively. Between 1990 and 2021, 47 countries, mainly in
high SDI regions, showed substantial reductions in these
metrics. Conversely, regions with lower SDI experienced

rising mortality and DALYs. For example, countries like
Djibouti and Honduras, located in Eastern Sub-Saharan Africa
and Central Latin America, respectively, reported the largest
increases. Since 1990, 30 countries have recorded significant
increases in both ASMR and ASDR for KD-related CVD. In
2021, the highest ASMR and ASDR, alongside with notable
increases since 1990, were found in low to middle SDI
regions. Conversely, the lowest ASMR and ASDR in 2021 and
their significant declines since 1990 were observed in
high-middle and high SDI regions. A previous study revealed
that regions in Europe and Central Asia have CVD death rates
over twice as high as those in high-income countries [32].
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Figure 6. The global age-standardized mortality (A) and DALYs (B) rate (per 100,000 population) for cardiovascular disease attributable to kidney dysfunc-
tion in 204 countries and territories in 2021. ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life years rate; DALYs,

disability-adjusted life years.

This emphasizes the ongoing health disparities across differ-
ent socioeconomic settings. Patients in underdeveloped
regions faced challenges due to insufficient diagnoses and
limited treatment choices. Conversely, high SDI areas benefit
from superior healthcare resources, effective health services,
and robust social support, all of which are crucial protective
factors against KD-related CVD. This results in a reduced bur-
den of disease. Our study highlights that areas like Eastern
Europe, East Asia, South Asia, Southeast Asia, and Central
Asia continue to be significantly impacted by KD-related
CVD. Given that half of the global population resides in Asia,
addressing CVD in this region is a critical global health con-
cern. Our research highlights a significant geosocioeconomic
disparity in mortality and DALYs burden of KD-related CVD.
Developing or lower-income nations are increasingly con-
fronted with challenges from CVD and its associated risk fac-
tors. The Prospective Urban and Rural Epidemiological study,
which examined data from over 150,000 participants in
developing nations, revealed an intriguing pattern: individu-
als in low-income areas had the lowest cardiovascular risk yet
exhibited the highest incidence and case-fatality rates of
CVD. This finding] starkly contrast with trends observed in
high-income countries [33]. This discrepancy can be attributed
to several factors prevalent in low-income countries,

including a lack of health awareness, infrequent medical
checkups, and inadequate medical resources and skilled
nephrologists [7]. These findings underscore the importance
of implementing targeted, systematic, and effective interven-
tions to manage CVD risk in low- to middle-income regions.
Such measures include personal health education, regular
kidney function screening, early initiation of renal protective
therapies, and effective treatment of primary diseases affect-
ing kidney function [34]. Furthermore, enhancing healthcare
workers’ knowledge of KD treatments, providing medical con-
sultations, and educating the public about the risks of KD in
underdeveloped nations are essential actions [35,36].

Limitations

A systemic and comprehensive assessment of the global CVD
burden attributable to KD has been largely unexplored in
previous studies. This research address this gap by providing
a systematic and timely evaluation using the GBD2021 data-
base. Notably, it is the first study to evaluate the CVD burden
attributable to KD worldwide, analyzing variables such as
age, gender, nation, and SDI regions quantified by deaths
and DALYs, while also employing the BAPC model to forecast
trends from 2022 to 2050. However, our study encounters
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Figure 7. Global trends of cardiovascular disease attributable to kidney dysfunction in age-standardized mortality (A, B) and DALYs (C, D) rates (per 100,000
population) from 2021 to 2050 by sex predicted by BAPC models: observed (dashed lines) and predicted rates (solid lines). The blue region means the
upper and lower limits of the 95% Uls. ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life years rate; BAPC: Bayesian

age-period-cohort; DALYs, disability-adjusted life years; Uls: Uncertainty interval.

several limitations. First, similar to other GBD studies, the
analysis is constrained by data availability in certain regions,
particularly those with lower SDI [37]. Second, the GBD study
does not differentiate between acute kidney injury and
chronic kidney dysfunction, which limits our ability to assess
their distinct impacts. Third, while the data obtained from
the GBD database is robust and considered reliable, the
absence of original, individual-level illness burden data
remains a limitation. Fourth, the age-related data presenta-
tion is influenced by the characteristics of the GBD database.
The database does not independently report data for age
groups under 25years and lacks granular details for further
division. Consequently, our ability to provide a detailed
age-specific analysis for the younger population is limited.

Conclusions

In conclusion, CVD attributable to KD remains a major global
public health challenge, particularly affecting males, the
elderly, and regions with lower SDI. The primary contributors
to this burden are ischemic heart disease and stroke. The
observed variations in the spatial and temporal trends of

CVD burden attributable to KD highlight the necessity for
tailored healthcare strategies in different regions. Our find-
ings offer valuable insights for public health policymakers to
formulate strategies to prevent and mitigate the CVD burden
linked to KD.
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