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Abstract
Background  Cardiovascular diseases (CVD) remain a significant global health burden, particularly in China, where 
kidney dysfunction (KD) is a key risk factor. This study analyzed trends in the burden of KD-induced CVD and subtypes 
among the working-age population (25–64 years) in China over the past 30 years and explored its association with 
age, period, and birth cohort.

Methods  This study extracted data from the Global Burden of Disease (GBD) 2021, focusing on deaths and disability-
adjusted life years (DALYs) caused by KD-induced CVD and subtypes, including ischemic heart disease (IHD), stroke, 
and lower extremity peripheral artery disease (LEPAD) among 25–64 years globally and in China from 1992 to 
2021. Trends in disease burden were described by calculating age-standardized mortality rates (ASMR) and age-
standardized DALYs rates (ASDR). Additionally, an age-period-cohort (APC) model was employed to estimate the 
overall annual percentage change in mortality (net drift), the annual percentage change for specific age groups (local 
drift), the relative risks of period and cohort effects, and the age-specific rates adjusted for period bias (age effect).

Results  From 1992 to 2021, the number of deaths and DALYs caused by KD-induced IHD and LEPAD among 25–64 
years globally and in China showed an upward trend, while the number caused by stroke decreased. However, the 
ASMR and ASDR demonstrated a declining trend, with the disease burden in China being lower than the global level. 
Notably, the ASMR for IHD and LEPAD in Chinese males showed an upward trend. The declines in ASMR and ASDR 
were more pronounced in females than in males. The net drift for CVD and subtypes showed a downward trend, with 
differing patterns between males and females. Mortality rates from stroke in males was increasingly affecting younger 
populations, while LEPAD was more prevalent in older individuals. Aside from male IHD, the relative risks for CVD and 
subtypes across cohort and period analyses showed a slight decline. Females exhibited higher relative risks in earlier 
periods, but their decline in both period and cohort analyses was faster than that of males. Mortality rates for IHD and 
stroke increased with age, with males exhibiting higher mortality rates across all age groups compared to females.
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Introduction
Cardiovascular diseases (CVD) are the leading cause of 
death globally, accounting for 33% of all deaths. They 
are the major contributor to premature mortality, rising 
healthcare costs, and a significant public health burden, 
drawing considerable attention from countries worldwide 
[1–3]. Similarly, CVD are the primary cause of death and 
long-term disability in China [4, 5]. Despite substan-
tial improvements in healthcare accessibility and qual-
ity over the past 30 years, the number of incident cases 
and deaths of CVD in China continues to rise, driven by 
unhealthy lifestyles, a large at-risk population, and an 
aging demographic [6, 7]. According to the Global Bur-
den of Disease (GBD) 2019 report, the prevalent cases of 
CVD in China reached 120  million in 2019 [9]. Recent 
research also showed that the direct economic burden 
of CVD in China has increased 5.3 times, with an annual 
growth rate surpassing that of gross domestic product 
[8]. CVD have become one of the most pressing health 
issues for Chinese residents, imposing a substantial eco-
nomic strain on society.

Metabolic risk factors are the primary contribu-
tors to CVD [9, 10]. In 2019, 13.7  million CVD-related 
deaths globally were attributed to metabolic risk factors, 
accounting for 73.7% of all CVD-related deaths (18.6 mil-
lion total). As societal development continues, under-
standing the impact of metabolic risk factors on the CVD 
burden has become increasingly important [11–14]. Kid-
ney dysfunction (KD) is a key metabolic risk factor for 
CVD, characterized by impaired kidney function lead-
ing to the accumulation of metabolic waste products, 
including urea, creatinine, and blood urea nitrogen, as 
well as water, electrolyte, and acid-base imbalances. This 
dysfunction can further contribute to systemic diseases 
affecting the entire body [15, 16]. In individuals with KD, 
the risk of developing CVD is significantly elevated [17]. 
According to previous studies and the GBD 2019 report, 
the number of incident cases and deaths of KD-induced 
CVD in China has nearly doubled over the past 30 years 
[18]. As a developing country, China has experienced a 
sharp rise in the burden of KD amid rapid economic 
growth, industrialization, and urbanization, complicat-
ing efforts to control CVD incidence and mortality. The 
working-age population (25–64 years) plays a pivotal 
role in social and economic development, and its health 
is directly linked to productivity and economic growth. 

Studies have found that in recent years, while cardiovas-
cular risk has been decreasing among older adults, it has 
been increasing among younger populations. This trend 
may be associated with rising rates of obesity, sedentary 
lifestyles, diabetes, and hypertension among young peo-
ple [19–21]. Therefore, assessing the disease burden in 
this specific age group is critically important.

However, to date, no detailed analysis has been con-
ducted on the burden of KD-induced CVD and subtypes 
in China’s 25–64 years population. To address this gap, 
we utilized data from the GBD 2021 study to examine 
the burden of KD-induced CVD over the past 30 years 
(1992–2021). Specifically, we calculated age-standard-
ized mortality rates (ASMR) and age-standardized 
disability-adjusted life year rates (ASDR) for CVD and 
subtypes. Additionally, we estimated annual percent-
age change (EAPC) to identify trends in the burden of 
KD-induced CVD and subtypes in China between 1992 
and 2021. An age-period-cohort (APC) model was also 
applied to analyze the effects of age, period, and cohort 
on mortality rates for CVD and subtypes. These findings 
may offer valuable insights for policymakers in develop-
ing cost-effective interventions and optimizing resource 
allocation.

Methods
Data source
The data for this study were obtained from GBD 2021, 
which provides epidemiological estimates for over 370 
diseases, injuries, and risk factors across 204 countries 
and regions from 1990 to 2021. Detailed information on 
data collection, processing, synthesis, and modeling is 
available in GBD 2021 publications [22]. We used GBD 
2021 data to analyze deaths and disability-adjusted life 
years (DALYs) due to KD-induced CVD and subtypes, 
including ischemic heart disease (IHD), stroke, and lower 
extremity peripheral artery disease (LEPAD), among 
individuals aged 25–64 years in China and globally from 
1992 to 2021, with 95% uncertainty intervals (UI). As 
LEPAD primarily affects older populations, GBD 2021 
did not provide data for individuals aged 25–39. Mor-
tality is defined as the total number of deaths in a spe-
cific population during a specific period, while DALYs 
represent the sum of years of life lost due to premature 
death and years lived with disability [23]. The study did 
not include region-specific details within China. Since 

Conclusion  Our findings provide strong evidence that from 1992 to 2021, KD-induced CVD and subtypes still require 
attention among the working population in China. There were notable differences across subtypes, genders, and age 
groups, with males experiencing higher mortality rates and cohort-period risks than females. Our study highlights the 
need for China’s public health authorities to develop tailored guidelines targeting specific CVD subtypes, genders, and 
age groups to prevent the further escalation of the KD-induced CVD burden.
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GBD utilizes de-identified public data, the Institutional 
Review Board of the University of Washington granted 
an exemption from informed consent requirements.

Overall CVD encompass rheumatic heart disease, IHD, 
stroke, hypertensive heart disease, non-rheumatic val-
vular heart disease, cardiomyopathy, myocarditis, atrial 
fibrillation and flutter, aortic aneurysm, LEPAD, endo-
carditis, and other cardiovascular and circulatory system 
diseases. In GBD 2021, the KD-induced CVD subtypes 
include IHD, stroke, and LEPAD. For further details, refer 
to the International Classification of Diseases, 10th Edi-
tion (ICD-10) codes in Supplementary Table 1. According 
to the GBD 2021 Risk Factors Study, KD is classified into 
four categories based on the albumin-to-creatinine ratio 
(ACR) and estimated glomerular filtration rate (eGFR): 
(1) Stage 1 and 2 chronic kidney disease (CKD), with 
ACR > 30 mg/g and eGFR ≥ 60 ml/min/1.73 m²; (2) Stage 
3 CKD, with eGFR between 30 and 59 ml/min/1.73 m²; 
(3) Stage 4 CKD, with eGFR between 15 and 29  ml/
min/1.73  m²; and (4) Stage 5 CKD, with eGFR < 15  ml/
min/1.73 m². None of these categories include individu-
als who have undergone renal replacement therapy [22].

Statistical analysis
We estimated ASMR and ASDR per 100,000 people for 
the total population, as well as for males and females. 
These rates were standardized according to the World 
Health Organization standard population to account for 
differences in age distribution over time. The calculation 

formula is as follows: ASR = 
∑

N
i=1 α iWi∑

N
i=1 Wi

× 100,000, 

where α i represents the age-specific rate for the ith age 
group, Wi is the population of the corresponding ith age 
group in the standard population, and N is the number of 
age groups. To examine time trends in ASMR and ASDR 
from 1992 to 2021, we used log-linear regression to cal-
culate the EAPC and its 95% confidence intervals (CI). 
The formula is: ln (ASR) = α + β x + ϵ , where x rep-
resents the year, β is the regression coefficient, ϵ  is the 
error term, and α  is the intercept. The formula for calcu-
lating the 95% CI is: EAPCwith95%CI = 100 × (eβ − 1)
. If the lower bound of the 95% CI for the EAPC is posi-
tive, the ASR is considered to be increasing; conversely, 
if the upper bound of the 95% CI is negative, the ASR is 
considered to be decreasing [24, 25].

The population was divided into 5-year age groups: 
25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 
60–64, and 65–69 years. We calculated the proportion of 
deaths for each age group across specific periods, serv-
ing as an indirect indicator of survival and allowing for an 
analysis of age distribution in mortality.

APC model analysis
We employed an APC model to analyze mortality trends 
related to KD-induced CVD and subtypes among indi-
viduals aged 25–64 in China. This model allows for the 
separate evaluation of the effects of age, period, and birth 
cohort on the burden of disease. Mortality rates of CVD 
and subtypes were treated as dependent variables, while 
age, period, and birth cohort were treated as indepen-
dent variables. In the APC model, age effects capture 
the influence of different age groups on mortality rates; 
period effects reveal how societal changes or significant 
events between 1992 and 2021 impacted mortality rates; 
and cohort effects examine the long-term impact of birth 
cohorts on mortality trends.

The APC model requires equal intervals for both age 
groups and periods, meaning 5-year age groups corre-
spond to 5-year calendar periods, which explains why 
this study starts from 1992. Given that the GBD 2021 
age groups are divided into 5-year intervals, we used six 
5-year periods to represent different time frames ([1994] 
1992–1996, [1999] 1997–2001, … [2019] 2017–2021). 
Cohorts were calculated by subtracting participants’ ages 
from their respective years, resulting in 13 partially over-
lapping 10-year birth cohorts ([1932] 1928–1936, [1999] 
1997–2001, … [1992] 1988–1996). Because birth cohorts 
are determined by the intervals of age groups and peri-
ods, their intervals are inherently consistent with those of 
the other dimensions and do not require separate equal 
interval specifications.

The main results of the APC model are as follows. 
Net drift shows the overall log-linear trend by calendar 
period and birth cohort, representing the annual percent-
age change in mortality. Local drift reflects the log-linear 
trends for different age groups by calendar period and 
birth cohort, indicating the annual percentage change for 
each group. The longitudinal age curve presents the fitted 
age-specific mortality rates in the reference cohort while 
accounting for period deviations. The period or cohort 
rate ratio represents the relative risk of a specific cohort 
or period compared to the reference cohort or period, 
after adjusting for age and nonlinear effects. A rate ratio 
greater than 1 indicates an increased risk of death, while 
a rate ratio less than 1 suggests a decreased risk [26].

In this study, the disease burden from 2002 to 2006 
and the 1962 birth cohort were used as reference groups 
to estimate the relative risks of age, period, and cohort 
effects. All analyses and graphical representations were 
performed using R statistical software version 4.3.0.

Results
ASMR and ASDR trends on KD-induced CVD and subtypes 
among 25–64 years globally and in China
From 1992 to 2021, the global number of deaths and 
DALYs due to KD-induced CVD and subtypes increased 
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across both males and females among individuals aged 
25 to 64. However, the ASMR and ASDR showed declin-
ing trends in both sexes (EAPCs < 0). The global ASMR 
for KD-induced CVD per 100,000 population decreased 
from 14.66 in 1992 to 10.37 in 2021 (EAPC, -1.32 [95% 
CI, -1.37 to -1.27]), with IHD decreasing from 8.37 to 6.45 
(EAPC, -1.01 [95% CI, -1.07 to -0.96]), stroke decreasing 
from 6.24 to 3.87 (EAPC, -1.77 [95% CI, -1.83 to -1.71]), 
and LEPAD decreasing from 0.06 to 0.04 (EAPC, -1.57 
[95% CI, -1.75 to -1.39]) (Table 1; Fig. 1). Between 1992 
and 2021, the global ASMR and ASDR of KD-induced 
IHD and stroke continued to decline, while LEPAD sta-
bilized after slight fluctuations (Figure S1). Moreover, the 
EAPCs for IHD and stroke were higher in men than in 
women, whereas the EAPC for LEPAD was lower in men 
compared to women (Table 1; Fig. 1).

In China, from 1992 to 2021, the number of deaths and 
DALYs due to KD-induced IHD and LEPAD increased 
among individuals aged 25 to 64, while stroke-related 
deaths and DALYs decreased. Notably, the number of 
deaths and DALYs for stroke declined in females. The 

ASMR and ASDR showed downward trends (EAPCs < 0). 
The ASMR for KD-induced CVD decreased from 11.28 
in 1992 to 6.14 in 2021 per 100,000 population (EAPC, 
-1.82 [95% CI, -2.04 to -1.59]), with IHD decreasing from 
3.70 to 2.69 (EAPC, -0.61 [95% CI, -0.87 to -0.35]), stroke 
decreasing from 7.58 to 3.44 (EAPC, -2.56 [95% CI, -2.79 
to -2.32]), while LEPAD remained at a low level of 0.01 
(EAPC, -0.41 [95% CI, -0.55 to -0.27]) (Table  1; Fig.  1). 
However, between 2000 and 2004, there were brief 
increases in ASMR and ASDR (Figure S2). Notably, the 
ASMR and ASDR for male IHD, as well as the ASMR for 
male LEPAD showed upward trends (EAPCs > 0). Over-
all, the EAPCs for women in China were lower than those 
for men (Table 1; Fig. 1).

Globally and in China, the most significant decrease 
was observed in the burden of stroke. In 1992, the ASMR 
and ASDR for stroke in China were higher than the 
global level, but by 2021, these rates had fallen below the 
global level. Additionally, by 2021, the ASMR and ASDR 
for CVD and subtypes in China were lower than the 
global level. The decline in ASMR and ASDR for stroke 

Fig. 1  EAPC in age-standardized mortality rates and age-standardized disability-adjusted life-year rates for CVD and subtypes induced by kidney dys-
function among 25–64 years globally and in China, 1992–2021. Error bars represent the 95% confidence intervals for the EAPC. EAPC, estimated annual 
percentage change; CVD, cardiovascular diseases; IHD, ischemic heart disease; LEPAD, lower extremity peripheral arterial disease
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in China outpaced the global level, whereas the decline 
for IHD and LEPAD was slower than the global trend 
(Table 1; Fig. 1).

Time trends in different age groups among 25–64 years in 
China
Figure 2 presents the net and local drift calculated using 
the APC model. The horizontal solid line represents the 
net drift, while the curved solid line denotes the local 
drift, with dashed lines representing the 95% CI for each 
group. In China, the net drift for CVD is negative, indi-
cating a decline in ASMR. Among men, the local drift 
for CVD in the 25–29 and 30–34 age groups shows a 
positive annual percentage change in mortality, indi-
cating increased mortality rates in these groups. With 
increasing age, the annual percentage change gradually 
declines and stabilizes, suggesting that younger men are 
experiencing higher CVD mortality. Among women, two 
intersections between the net and local drift curves for 
CVD suggest improved survival in the 40–44 and 45–49 

age groups. The net and local drift curves for stroke fol-
low a similar pattern to those of CVD. For IHD, the net 
drift is positive in men and negative in women, indicating 
a rise in ASMR for men and a decline for women from 
1992 to 2021. For LEPAD, the net drift is negative in both 
sexes, but the local drift curve rises with age, suggesting 
that LEPAD mortality is becoming more concentrated in 
older age groups.

Figure  3 depicts temporal trends in the age distribu-
tion of CVD and subtypes among 25–64 years in China. 
Deaths from KD-induced CVD are increasingly shifting 
from individuals younger than 50 to those aged 50 and 
older, reflecting a growing burden of CVD mortality in 
older populations. The age distribution shift for IHD fol-
lows a similar pattern. Deaths from KD-induced stroke 
remain stable across age groups. The age distribution of 
LEPAD mortality indicates that individuals aged 55–59 
and 60–64 account for a larger proportion. This reflects 
that LEPAD primarily affects older individuals.

Fig. 2  The net drifts and local drifts for cardiovascular diseases and subtypes mortality induced by kidney dysfunction in China, 1992–2021. Lower ex-
tremity peripheral arterial disease is reported starting from individuals aged 40 years and older
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Age, period, and cohort effects on KD-induced CVD and 
subtypes among 25–64 years in China
Figure  4 illustrates the longitudinal age curves for KD-
induced CVD and subtypes among 25–64 years in China, 
representing age-specific mortality rates. A similar age-
related risk pattern is observed for IHD and stroke, with 
the highest risk occurring in the 60–64 age group. Mor-
tality rates increase steadily with age, and men exhibit 
consistently higher mortality rates than women. Due to 
limited data for LEPAD, a comprehensive picture of its 
age-related mortality remains unavailable.

Figure  5 presents the period effects for KD-induced 
CVD and subtypes in China among 25–64 years, shown 
as the relative mortality risk across different time peri-
ods. From 1992 to 2021, the mortality risk for CVD and 
subtypes has declined in both sexes, though the decrease 
is modest, with the most pronounced reduction observed 
in stroke.

Figure 6 depicts the birth cohort effects for KD-induced 
CVD and subtypes in China, reflecting relative mortality 

risk across different birth cohorts. The trend of stroke 
has a steady decline in mortality risk from the 1900 to 
the 1990 birth cohorts. Notably, there is a slight upward 
trend in CVD mortality risk for men born between 1972 
and 1981, indicating an increased risk in this cohort. For 
IHD, the mortality risk for men increases with each suc-
cessive birth cohort. While the overall mortality risk for 
LEPAD shows a downward trend, a noticeable increase in 
risk is observed for the 1967–1976 birth cohort.

Additionally, women exhibit higher relative risks in the 
early period and birth cohort effects, but their rates of 
decline are more pronounced compared to men.

Discussion
To our knowledge, this is the first study to apply the APC 
model to analyze deaths and DALYs due to KD-induced 
CVD and subtypes among 25–64 years in China. Based on 
GBD 2021, from 1992 to 2021, the number of deaths and 
DALYs attributable to KD-induced CVD increases globally 
and in China among individuals aged 25–64. However, the 

Fig. 3  The age distribution of deaths from cardiovascular diseases and subtypes induced by kidney dysfunction among 25–64 years in China, 1992–2021. 
The age groups include 25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, and 60–64 years. Lower extremity peripheral arterial disease is reported starting 
from individuals aged 40 years and older
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ASMR and ASDR for CVD and subtypes show a declining 
trend. The burden of KD-induced CVD in China is lower 
than the global level, and the ASR of decline is significantly 
greater than the global trend, with the most notable reduc-
tion observed in stroke. In China and globally, males exhibit 
higher ASMR and ASDR than females, and the decline 
in IHD and stroke is less pronounced in males compared 
to females. Globally, the decline in LEPAD is more pro-
nounced in males than in females. In contrast, the trends 
in CVD and subtypes in China diverge from the global 
pattern. While the ASMR and ASDR for CVD and sub-
types have decreased in both sexes globally, the ASMR for 
IHD and LEPAD in males has shown an upward trend in 
China. As age increases, mortality rates for CVD and sub-
types also rise, indicating an aging trend in overall mortality. 
However, it is notable that stroke mortality is increasingly 
affecting younger populations. Despite the overall decline 
in ASMR and ASDR over the past 30 years, the burden of 
IHD and LEPAD in Chinese males has been rising. To effec-
tively mitigate this burden, China urgently needs to develop 

more comprehensive CVD prevention policies and improve 
access to healthcare services, particularly by increasing 
awareness and treatment of KD and its cardiovascular com-
plications among the working-age population.

Our study reveals that the number of deaths and DALYs 
from KD-induced CVD continues to rise among the 25–64 
age group in China. One contributing factor is the diffi-
culty in detecting KD in its early stages, with many patients 
remaining unaware of their condition [27]. Additionally, 
KD diagnosis relies on biochemical tests, such as eGFR and 
urinary albumin excretion [28]. Compared to the simpler 
process of blood pressure measurement for hypertension, 
the complexity of diagnosing KD leads to diagnostic delays, 
accelerating kidney failure and increasing the incidence of 
CVD. Additionally, disparities in economic development, 
health education, and medical resources across regions in 
China contribute to poor treatment adherence and delayed 
interventions. Concerns about adverse drug reactions and 
the financial burden of treatment also contribute to insuffi-
cient management of KD, ultimately resulting in more death 

Fig. 4  Longitudinal age curve of mortality rates for cardiovascular diseases and subtypes induced by kidney dysfunction among 25–64 years in China. 
Lower extremity peripheral arterial disease is reported starting from individuals aged 40 years and older
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cases. To address this issue, regular kidney function screen-
ings and routine treatments for the 25–64 age group could 
help mitigate the burden of KD-induced CVD, especially 
through targeted interventions for early-stage and high-risk 
populations. Among metabolic risk factors for CVD, high 
systolic blood pressure is the leading cause of CVD-related 
deaths and DALYs both globally and in China, while KD 
ranks fifth, accounting for approximately 7% of the CVD 
burden [29, 30]. Given the significant burden of CVD, the 
impact of KD on CVD cannot be overlooked. Previous stud-
ies have found that IHD and stroke are the leading causes 
of death in patients with KD [18]. Our findings show that 
the ASMR and ASDR for KD-induced CVD and subtypes 
in the 25–64 age group in China are lower than the global 
level and are on a declining trend. Notably, the reduction 
in CVD rates in China exceeds the global rate, likely due 
to advances in healthcare, particularly in kidney transplan-
tation, peritoneal dialysis, and hemodialysis, which have 
yielded favorable outcomes in treating KD. Moreover, the 
Chinese government has introduced guidelines promoting 
healthy lifestyles for the prevention of metabolic CVD and 

included public health initiatives in the 14th Five-Year Plan, 
such as the Healthy China 2030 strategy and the Healthy 
China Action Plan (2019–2030) [31]. However, the burden 
of IHD and LEPAD in Chinese males has been increasing, 
consistent with previous research findings [7, 32]. This may 
be linked to the higher prevalence of metabolic syndrome 
in men, which includes conditions such as hypertension, 
hyperglycemia, and obesity, all significant risk factors for 
IHD and LEPAD. Additionally, the higher smoking rate 
among Chinese men further elevates the risk of CVD [33]. 
Therefore, early prevention and management of KD in men 
should be prioritized to reduce the burden of these related 
diseases.

Our findings suggest that the mortality burden from 
stroke is shifting toward younger populations, whereas 
LEPAD mortality remains concentrated in older individu-
als. This may indicate that current preventive measures 
for KD-induced stroke are more effective in older popula-
tions, while prevention efforts targeting younger age groups 
remain inadequate. The higher prevalence of LEPAD in 
older adults can be attributed to multiple factors, including 

Fig. 5  Period rate ratio of cardiovascular diseases and subtypes mortality induced by kidney dysfunction among 25–64 years in China
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the cumulative effects of atherosclerosis, vascular aging, 
increased oxidative stress and inflammation, declining met-
abolic function, and lifestyle factors. This also explains the 
reason for the low mortality rate of LEPAD among 25–64 
years. Age is widely recognized as an independent risk fac-
tor for CVD mortality, and our results show a significant 
increase in KD-induced CVD mortality with advancing age 
[34, 35]. Aging contributes significantly to the burden of 
KD-induced CVD, partly because structural and functional 
changes in the kidneys increase susceptibility to acute kid-
ney failure and chronic KD in older adults [36, 37]. Addi-
tionally, behavioral and metabolic changes associated with 
aging, such as reduced physical activity and inadequate 
nutrition, further exacerbate this risk [38]. These factors 
likely explain the observed increase in mortality rates for 
IHD and stroke with age in our study.

The APC analysis of sex differences reveals that males 
exhibit a higher mortality rate from CVD than females 
across all age groups. Cohort and period analyses show a 
general downward trend in both cohort and period rela-
tive risk, with females having higher relative risks in the 

early cohorts and periods. However, the decline is signifi-
cantly greater in females than in males. Additionally, the 
risk of IHD has increased in males across birth cohorts. 
Overall, the burden of KD-induced CVD and subtypes is 
lower in females than in males within the 25–64 age group 
in China. This sex difference can be partially attributed to 
biological factors, such as the protective role of estrogen. 
Sex hormones and their receptors play a critical role in kid-
ney function, with estrogen exerting protective effects and 
testosterone potentially impairing renal function [39]. Dif-
ferences in vascular hemodynamics and other pathophysi-
ological factors may also contribute to the observed sex 
differences [40–42]. Furthermore, behavioral risk factors 
are key contributors to this disparity; males generally have 
higher smoking rates and stress levels, whereas females tend 
to lead healthier lifestyles [43–45]. These sex differences 
may become more pronounced in the future. Despite recent 
advances in research on sex differences, we strongly recom-
mend further exploration of the underlying mechanisms of 
KD-induced CVD sex differences. This will help identify 
sex-specific interventions in clinical practice, optimizing the 

Fig. 6  Cohort rate ratio of cardiovascular diseases and subtypes mortality induced by kidney dysfunction among 25–64 years in China
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reduction of health burdens. Developing CVD guidelines 
tailored to specific age and sex groups is critical for timely 
identification and management of CVD, ensuring the imple-
mentation of effective, individualized interventions that 
integrate both primary and secondary prevention strategies.

Hypertension, diabetes, obesity, dyslipidemia, and KD 
are not only metabolic risk factors for CVD, but also inter-
act to collectively promote its development [46, 47]. Effec-
tive management of these metabolic diseases is therefore 
essential for reducing the global burden of CVD. To further 
alleviate the burden of KD-induced CVD, particularly IHD 
and LEPAD in the 25–64 age group, China should imple-
ment additional preventive measures. This includes pro-
moting the use of diagnostic tests, such as serum creatinine 
and urinary protein, to ensure early screening and diagnosis 
in high-risk populations. Regular monitoring of blood pres-
sure, blood glucose, and lipid levels is also critical to lower-
ing the risk of CVD. Public health initiatives play a pivotal 
role in curbing the rising incidence of KD. Personal health 
education, routine kidney function screening, early kidney-
protective treatments, and proper management of under-
lying diseases that impair kidney function can significantly 
reduce the burden of KD-induced CVD. In addition to 
dialysis and other renal replacement therapies, the accessi-
bility of laboratory diagnostic services, healthcare providers’ 
awareness of KD treatment, patient counseling, and public 
education on the risks of KD remain insufficient. Policy-
makers should therefore place greater emphasis on KD and 
urgently introduce enhanced health education and support 
policies to mitigate its significant impact.

The strengths of this study include its use of the 
most recent GBD 2021 dataset and the application of 
an advanced APC model, marking the first analysis of 
mortality and DALYs related to KD-induced CVD and 
subtypes among the working-age population in China. 
However, there are several limitations. First, since GBD 
2021 data are based on estimates rather than direct 
observations, this could introduce bias. Second, the data 
on LEPAD for 25–64 years in China are insufficient in 
this study, which may lead to less accurate results. Third, 
the analysis is limited to national-level data, lacking 
insights into regional and urban-rural disparities. Future 
research should incorporate more stratified data for a 
comprehensive analysis. Fourth, the APC model requires 
equal intervals between age groups and time periods, 
which may obscure subtle variations in age, period, and 
cohort effects. Lastly, due to limited data on LEPAD in 
GBD 2021, the results related to LEPAD may be less sta-
ble, and further studies with more robust data are needed 
to validate these findings.

Conclusion
This study provides valuable insights into the changing 
burden of KD-induced CVD and subtypes among the 
working-age population in China from 1992 to 2021. 
Significant progress has been made in reducing the bur-
den of KD-induced CVD in China. Although the ASMR 
and ASDR for CVD, IHD, and LEPAD have declined, the 
absolute number of deaths and DALYs continues to rise, 
reflecting ongoing health challenges. Older populations 
remain the primary group affected by KD. Developing 
targeted strategies to address the unique risks faced by 
males, particularly in relation to IHD, is crucial to alle-
viating the burden of these diseases. Therefore, to miti-
gate the burden of KD-induced CVD and subtypes in 
the working-age population, public health authorities in 
China must advance guidelines targeting specific sub-
types, genders, and age groups.
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