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Background: Heart failure (HF) is a critical global health issue, with chronic kidney disease (CKD) as a significant contributing factor. Both primarily affect older adults, with prevalence rising substantially after age 60. This study examined global trends and disparities in CKD-associated HF among older adults from 1990 to 2021.

Methods: Utilizing data from the Global Burden of Disease (GBD) 2021, the study analyzed the prevalence and years lived with disability (YLDs) of CKD-associated HF. Joinpoint regression assessed trends from 1990 to 2021 globally, regionally, and nationally. Health inequity analysis, including the slope index of inequality and health inequality concentration index, evaluated disparities across countries.

Results: From 1990 to 2021, the prevalence and YLDs of CKD-associated HF increased globally, with an average annual percentage change (AAPC) of 2.21% [95% confidence interval (CI), 2.17–2.25] and 2.20% (95% CI, 2.16–2.24), respectively. Males exhibited higher prevalence and YLDs but demonstrated a slower increase than females. The low-SDI region exhibited the highest burden, while the high-SDI region showed an unfavorable increase. Socioeconomic disparities were decreased but persisted. From 1990 to 2021, the inequality slope index for prevalence decreased from 143.66 (95% CI, 167.68–119.65) to 114.12 (95% CI, 151.59–76.65), whereas the health inequality concentration index improved from −0.21 (95% CI, −0.30 to −0.12) to −0.07 (95% CI, −0.14 to 0) for prevalence.

Conclusion: The global burden of CKD-associated HF has increased substantially, with persistent disparities across gender and SDI levels. Strengthening preventive measures and implementing effective interventions are essential to addressing this escalating health challenge.
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Introduction

Heart failure (HF) is a complex clinical syndrome that affects multiple organ systems, impacting over 67 million individuals globally, with its prevalence and Years Lived with Disability (YLDs) rates exhibiting an age-related increase, particularly escalating after 60 years of age (1). It has emerged as a significant public health concern due to its high prevalence and mortality, effects on functional capacity, reduced quality of life, and substantial healthcare costs (2). Among the established risk factors for HF, chronic kidney disease (CKD) plays a particularly critical role. Affecting more than 10% of the global population, over 800 million individuals, CKD is projected to become the fifth leading cause of life expectancy reduction worldwide by 2040 (3, 4).

HF and CKD exhibit a complex, interrelated pathophysiology and clinical presentation. Notably, CKD contributes to HF development and accelerates its progression, with patients experiencing moderate to severe renal impairment facing a threefold higher risk of HF compared to those with normal renal function (2, 5). Among patients with end-stage renal disease (ESRD), up to 36% present with congestive heart failure at dialysis initiation, a prevalence 12 to 36 times higher than in the general population (6). It was reported that the presence of HF in CKD patients exacerbates clinical outcomes, leading to diminished quality of life, increased hospitalization rates, and higher mortality (7, 8). In older adults, HF-CKD comorbidity is frequently associated with frailty, more severe HF, and an elevated risk of other complications (9). The coexistence of HF and CKD imposes a substantial economic burden on healthcare systems and society as a whole (10).

A comprehensive assessment of CKD-related HF is essential to develop interventions that consider diverse socioeconomic contexts and healthcare resources, optimize management strategies, and reduce health disparities. The epidemiology of HF varied significantly across geography, age groups, and genders (11). However, CKD-associated HF, a substantial contributor to cardiovascular disease in older populations, remained inadequately studied in terms of its global, regional, and national trends and burden. Utilizing the Global Burden of Disease (GBD) database from 1990 to 2021, this study aimed to analyze the prevalence and YLDs of CKD-associated HF in older adults, examining their burden and trends at global, regional, and national levels and cross-country inequalities. By assessing the burden of CKD-associated HF, we aimed to provide evidence-based support for personalized disease prevention and management programs, and contribute to the scientific basis for promoting more effective and equitable health policies.



Methods


Study design

This study retrospectively analyzed population-based, repeated cross-sectional data from the GBD 2021, obtained from the Global Health Data Exchange database. Covering 371 diseases and injuries across 204 countries and territories from 1990 to 2021, the GBD 2021 employed standardized analytical methods tailored to each cause, integrating vital statistics, health surveys, and disease registries to systematically estimate disease burden by location, year, age, and sex (12, 13). In accordance with Executive Order No. 7724 (May 16, 2012) and Resolution No. 510 (April 7, 2016), the GBD studies utilize publicly available, de-identified data, thus negating the requirement for ethics committee approval.



Case definition and data collection

The GBD study defines HF impairment utilizing structured diagnostic criteria, such as the Framingham or European Society of Cardiology (ESC) guidelines. The Framingham approach necessitates either two major criteria or one major and two minor criteria, while the ESC method emphasizes typical signs and symptoms resulting from cardiac structural and/or functional abnormalities. HF is categorized into four severity levels: treated, mild, moderate, and severe. The GBD study encompasses individuals with American College of Cardiology (ACC)/American Heart Association (AHA) stage C and beyond, including both symptomatic patients and those diagnosed with HF but asymptomatic. For GBD 2021, each etiology of stage 5 CKD is allocated a disability weight based on the severity of HF (mild, moderate, or severe). CKD is characterized by the progressive deterioration of kidney function, assessed through estimated glomerular filtration rate (eGFR) and the urinary albumin-to-creatinine ratio (ACR). The International Classification of Diseases, 10th Revision (ICD-10) designates CKD codes N18.1-N18.9 (12, 13).

This investigation focused on older adults aged 60 and older, the demographic most susceptible to CKD-associated HF. The research evaluated the global, regional, and national specific burden of CKD-related HF on this population by analyzing prevalence, YLDs, and corresponding rates extracted from the GBD 2021 dataset. Employing GBD methodology, these rates were reported per 100,000 individuals, accompanied by 95% uncertainty intervals (UIs) for each metric. CKD-associated HF indicators were stratified by sex, five HF severity levels, five socio-demographic index (SDI) levels, 21 regions defined by epidemiological and geographical factors, and 204 countries and territories. Each HF severity level has a specific disability weight, which quantifies health loss on a scale from 0 (no health loss) to 1 (equivalent to death). Additional details regarding severity levels and their associated disability weights are available on the GBD website (12, 13). Countries and territories were categorized into five SDI quintiles: low, low-middle, middle, high-middle, and high. The SDI serve as a composite metric that captures socioeconomic factors affecting health outcomes. This index includes three key elements: fertility rates among individuals under 25, time-adjusted per capita income, and mean educational attainment for those aged 15 and older. On this scale, a score of 0 represents the extreme values of the highest fertility rate, lowest per capita income and educational attainment (12, 13).



Trend analysis

Joinpoint regression analysis was utilized to assess trends in CKD-associated HF from 1990 to 2021. This methodology initially posits a linear trend in disease impact throughout the study period. An inflection point is introduced to denote a shift in this trend. Statistical significance is assessed by comparing the joinpoint model to the null model using a permutation test, with the joinpoint retained if deemed statistically significant. The method incorporates the Bonferroni correction to address multiple comparisons, selecting optimal joinpoints from the Monte Carlo permutation test (14).

This methodology was employed to analyze linear and non-linear trends by examining their inflection points and associated weights. The magnitude of change was evaluated utilizing annual percentage change (APC) and average APC (AAPC) values, accompanied by their 95% confidence intervals (CIs). The APC, a statistical metric, quantifies the rate of change between different inflection points, characterizing the slope for each specified time interval. The AAPC functions as an analytical tool that summarizes the overall trend across a specified period, indicating whether it increased, remained constant, or decreased. To determine the AAPC, a weighted average of APC values from the joinpoint model was calculated, with each APC value weighted based on the duration of its corresponding time period. AAPCs were determined for the period from 1990 to 2021. Statistical significance of the AAPC is established when the interval excludes zero (14).



Cross-country inequality analysis

Two key metrics were employed to assess the impact of CKD-associated HF across different countries and territories: the slope index of inequality and the health inequality concentration index for absolute and relative disparities, respectively. These World Health Organization-endorsed measures provide a comprehensive assessment of health inequalities (15).

The slope index of inequality was determined through regression analysis. The age-standardized rates of prevalence and YLDs of CKD-associated HF at the country level served as dependent variables, while the independent variable was a relative social status scale, defined by the midpoint of cumulative population intervals ranked by the SDI. To address heteroskedasticity, a robust regression model utilizing repeated reweighted least squares with a Huber weighting function was utilized. The health inequality concentration index was computed based on the Lorenz concentration curve, which illustrates the cumulative distribution relationship between the SDI-ordered population and the CKD-associated HF burden. Numerical integration of the area under the curve was utilized to calculate the index (16). All statistical analyses were conducted using R (version 4.2.2; Posit PBC, Boston, MA, USA).




Results


Global CKD-associated HF burden and trends

Tables 1, 2, along with Figures 1, 2, illustrated the burden and trends in prevalence and YLDs rates for CKD-associated HF among individuals aged 60 and older from 1990 to 2021.



TABLE 1 Prevalence of heart failure attributable to chronic kidney disease among older adults and corresponding AAPCs from 1990 to 2021 at the global level.
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TABLE 2 YLDs of heart failure attributable to chronic kidney disease among older adults and corresponding AAPCs from 1990 to 2021 at the global level.
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FIGURE 1
 Joinpoint regression analysis of the global prevalence (A) and YLDs (B) rates of heart failure attributable to chronic kidney diseases among older adults from 1990 to 2021. APC, annual percentage change; AAPC, average annual percentage change; YLDs, years lived with disability.
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FIGURE 2
 Global prevalence (A) and YLDs (C) rates of heart failure attributable to chronic kidney diseases among adults in 2021; Alterations in the overall trend of prevalence (B) and YLDs (D) rates of heart failure attributable to chronic kidney diseases among adults. AAPC, average annual percentage change; YLDs, years lived with disability.


Globally, both prevalence and YLDs rates for CKD-associated HF demonstrated an increasing trend from 1990 to 2021, with the AAPC of 2.21 (95% CI, 2.17–2.25; p < 0.001) for prevalence and 2.20 (95% CI, 2.16–2.24; p < 0.001) for YLDs. Regarding gender, males exhibited a higher burden in prevalence and YLDs compared to females, but a slower increase from 1990 to 2021. The AAPCs for females were 2.42 (95% CI, 2.36–2.47; p < 0.001) for prevalence and 2.39 (95% CI, 2.35–2.44; p < 0.001) for YLDs. In contrast, males had lower AAPCs of 1.88 (95% CI, 1.85–1.90; p < 0.001) for prevalence and 1.87 (95% CI, 1.85–1.90; p < 0.001) for YLDs. Across severity levels, the trends of CKD-related HF in prevalence and YLDs showed no significant difference, consistent with global trends.

Among SDI groups, the low-SDI group exhibited the highest prevalence of 186.77 (95% UI, 101.18–308.71) and YLDs of 22.98 (95% UI, 11.1–42.41), followed by the high-SDI group. The high-middle-SDI group displayed the lowest prevalence of 67.93 (95% UI, 41.48–105.22) and YLDs of 8.56 (95% UI, 4.56–14.74). Adverse trends in prevalence and YLDs were observed, with more rapid increases correlating with higher SDI levels. The high-SDI group showed the greatest increases, with AAPCs of 3.43 (95% CI: 3.35–3.50) for prevalence and 3.40 (95% CI: 3.33–3.47) for YLDs. In contrast, the low-SDI group had the smallest increases, with AAPCs of 0.64 (95% CI: 0.60–0.67) and 0.65 (95% CI: 0.61–0.67) for prevalence and YLDs, respectively.



CKD-associated HF burden and trends by region

The burden and trends of CKD-associated HF exhibited significant regional variations. Western Sub-Saharan Africa demonstrated the highest rates in 2021, with a prevalence of 493.71 (95% UI, 275.73–783.84) and a YLDs of 60.64 (95% UI, 30.47–109.11). Conversely, Eastern Europe displayed the lowest prevalence and YLDs, at 16.79 (95% UI, 9.22–28.13) and 2.17 (95% UI, 1.03–3.99), respectively. From 1990 to 2021, High-income North America experienced the most substantial increases in prevalence and YLDs, with AAPCs of 4.38 (95% CI, 4.31–4.47) and 4.28 (95% CI, 4.21–4.34), respectively. In contrast, Central Sub-Saharan Africa exhibited the smallest increases, with AAPCs of 0.55 (95% CI, 0.52–0.58) for prevalence and 0.54 (95% CI, 0.52–0.56) for YLDs (Supplementary Tables S1, S2).



CKD-associated HF burden and trends by country/territory

At the country/territory level, Nigeria exhibited the highest prevalence of 775.85 (95% UI, 442.28–1196.81) and YLDs of 95.14 (95% UI, 48.64–166.46) in 2021. Conversely, Ukraine demonstrated the lowest prevalence of 3.66 (95% UI, 1.9–6.39) and YLDs of 0.47 (95% UI, 0.22–0.89). From 1990 to 2021, Armenia showed the most substantial increases in prevalence [AAPC: 10.48 (95% CI, 10.19–10.8)] and YLDs [AAPC: 10.44 (95% CI, 10.15–10.75)]. In contrast, Kuwait had the least pronounced increases in prevalence [AAPC: 0.27 (95% CI, 0.16–0.38)] and YLDs [AAPC: 0.28 (95% CI, 0.18–0.38)]. Furthermore, Greece exhibited no significant increase and a trend toward decrease, with an AAPC of −0.01 (95% CI, −0.23 to 0.19) in prevalence and an AAPC of −0.02 (95% CI, −0.24 to 0.19) in YLDs (Supplementary Tables S3, S4).



Cross-country inequalities

Our analysis of 204 countries and territories revealed substantial SDI-related disparities in the burden of CKD-associated HF. This burden was predominantly observed in regions with lower SDIs; however, these inequalities have decreased over time. The slope index of absolute inequality showed that age-standardized prevalence rate among the countries and territories with the lowest and highest SDIs was 143.66 (95% CI, 167.68–119.65) in 1990, reducing to 114.12 (95% CI, 151.59–76.65) by 2021. Similarly, the age-standardized YLDs rate difference between the lowest and highest SDI countries/territories decreased from 17.52 (95% CI, 20.48–14.56) in 1990 to 13.89 (95% CI, 18.53–9.24) in 2021. The health inequality concentration index was −0.21 (95% CI, −0.30 to −0.12) (p < 0.05) for prevalence and −0.20 (95% CI, −0.29 to −0.11) (p < 0.05) for YLDs rate in 1990. These values changed to −0.07 (95% CI, −0.14 to 0) (p < 0.05) for prevalence and −0.06 (95% CI, −0.14 to 0.01) (p < 0.05) for YLDs rate in 2021, indicating that the burden remained disproportionately concentrated in less-developed regions (Figure 3; Table 3).
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FIGURE 3
 Disparities in the burden of heart failure attributable to chronic kidney diseases among older adults by development status. Health disparity regression curves of prevalence (A) and YLDs (C); Health disparity concentration curves of prevalence (B) and YLDs (D). YLDs, years lived with disability; SDI, sociodemographic index.




TABLE 3 Inequalities in age-standardized prevalence and YLD rates of heart failure attributable to chronic kidney disease among older adults, by sociodemographic index.
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Discussion

This study investigated the global burden and trends of CKD-associated HF among individuals aged 60 and older from 1990 to 2021. The principal findings were as follows: (1) The global prevalence and YLDs of CKD-associated HF demonstrated a significant increase. (2) Males exhibited a higher burden in both prevalence and YLDs compared to females in 2021. (3) Significant SDI-related disparities were identified, with the burden more pronounced in regions with lower SDIs. The low-SDI region demonstrated the highest prevalence and YLDs; particularly, Western Sub-Saharan Africa demonstrated the highest burden in 2021. (4) The high-middle-SDI region displayed the lowest prevalence and YLDs, while the high-SDI region demonstrated the most substantial increases from 1990 to 2021, presenting additional complexities for future public health initiatives.

The global increase in prevalence and YLDs of CKD-associated HF from 1990 to 2021 corresponds with the worldwide trend of population aging. Research demonstrated that both CKD and HF exhibited higher prevalence in older populations, potentially leading to their increased co-occurrence as the older demographic expands (1, 17). This trend also reflected global shifts in health patterns, particularly the evolving disease spectrum, which has intensified multimorbidity in older adults. It was reported that conditions such as diabetes, hypertension, and frailty frequently coexist and interact, with shared mechanisms—chronic inflammation, metabolic dysfunction, and oxidative stress—driving the increased risk of both CKD and HF (18–20). Moreover, as life expectancy continues to increase, prolonged exposure to shared risk factors for CKD and HF, such as hypertension, diabetes, and obesity, elevates the risk of synergistic disease progression (19). The escalating global prevalence of diabetes, hypertension, and obesity further underscored the growing challenge of CKD-associated HF. Notably, type 2 diabetes (T2D) and hypertension, in particular, were the primary etiological factors for ESRD, accounting for over 70% of cases, and the obesity epidemic served as a major contributor of rising T2D incidence (21, 22). The interplay between obesity, T2D, and hypertension complicates efforts to elucidate the specific contributions of each factor to the pathogenesis of CKD-associated HF. Targeted interventions to manage hypertension, diabetes, and obesity may help to mitigate the rising burden of CKD-associated HF.

The observed trends can be partially attributed to advancements in diagnostic capabilities and evolving disease classifications, especially in high-SDI region, where there is increased access to healthcare resources and ongoing improvements in healthcare technology. Improved CKD staging methods, including refined eGFR formulas and standardized albuminuria measurements, have enhanced detection accuracy (23). Concurrently, HF diagnostics evolved from primarily clinical assessments to incorporating sensitive biomarkers, such as Natriuretic Peptide (BNP) and N-Terminal Pro-BNP, as well as advanced imaging techniques, facilitating earlier identification, particularly in older adults with comorbidities (24). The increased recognition of HF with preserved ejection fraction (HFpEF), prevalent in CKD patients but historically underdiagnosed, has substantially expanded the diagnosed HF population (25). Besides, contemporary HF treatments have demonstrated a 28% reduction in mortality compared to conventional approaches (26). Numerous new pharmacological agents, such as angiotensin-converting enzyme (ACE) inhibitors, β-receptor antagonists, and sodium-glucose cotransporter-2 (SGLT2) inhibitors, along with treatments like implantable devices and heart transplantation, have decelerated the disease progression, improved cardiac function, and enhanced survival rates (27). However, while these advances extend life expectancy, they also increase the overall disease burden of CKD-associated HF. Prolonged survival in patients with both CKD and HF, particularly among older adults, results in greater morbidity, higher hospital admissions, and an increased need for long-term care, further straining healthcare systems (8).

In 2021, males exhibited a higher burden of CKD-associated HF compared to females, a disparity driven by multiple factors. Research indicated that males are more significantly exposed to hyperlipidemia, overweight, diabetes, hypertension, and other risk factors shared between CKD and cardiovascular disease (28, 29). Unhealthy lifestyle behaviors in males may constitute another significant contributing factor. Males demonstrated a higher propensity for tobacco use, excessive alcohol consumption, and insufficient physical activity (28). Moreover, studies noted that kidney function deteriorated more rapidly in males than females (30), likely attributed to unhealthy lifestyles and hormonal effects. For instance, testosterone has been implicated in accelerating kidney damage, while estrogen appears to have protective effects (31, 32). Females, in contrast, generally experienced a more favorable prognosis in HF, with lower hospitalization and mortality rates (33), possibly due to differences in pathophysiological mechanisms between sexes, such as females exhibiting lower mitochondrial oxidative damage, higher energy metabolism, greater resistance to fibroinflammatory responses, and estrogenic protection (34, 35).

Beyond physiological and lifestyle factors, healthcare disparities may contribute to the observed sex differences in CKD-associated HF burden. Firstly, the diagnostic criteria for CKD and HF were predominantly developed using male cohorts, whereas females often exhibit different clinical presentations, potentially leading to underdiagnosis or delayed diagnosis. Secondly, the underrepresentation of females in HF clinical trials has resulted in insufficient female-specific evidence. Drug dosages and device criteria from male-dominated studies may reduce treatment efficacy and survival in females, thereby may increasing mortality risk (33, 36). Furthermore, awareness of CKD is lower among females compared to males, which may delay their pursuit of medical consultation and intervention (37). Traditional cultural and social systems further restrict females’ healthcare access, with inequalities exacerbated by resource shortages and high treatment costs. In low-SDI regions, in particular, females have limited economic power and depend on male family members for healthcare funding (38, 39).

Our study revealed a higher burden of CKD-associated HF in regions with lower SDI, with the highest prevalence and YLDs observed in the low-SDI region. Research indicated that individuals in lower SDIs were at increased risk of CKD or HF compared to higher SDI regions (40, 41). The disparity in disease burden between low and high-middle SDI regions may be attributed to inequities in access to prevention, diagnostic, and treatment services in the low-SDI region. Specifically, the insufficiency of pathology and laboratory diagnostic services, paucity of healthcare professionals, and limited coverage of health services in the low-SDI region exacerbated health management challenges (42, 43). The density of nephrologists was 80 and 10 times lower in low- and middle-income countries than in high-income countries (44). Research found that four essential cardiovascular medications including β-blockers, aspirin, statins, and ACE inhibitors were unavailable or unaffordable in substantial portions of low-income countries (45). Notably, the low-SDI region exhibited the highest YLD burden, may largely attributed to inadequate dialysis or renal replacement therapy (RRT) and delayed in medical care. A study highlighted that only 32% of low-income countries provide dialysis to more than half of ESRD patients, compared to 98% in high-income countries (44). The 2023 global kidney health atlas also underscored the significant treatment gap, with much lower RRT access in low- and middle-income countries. In addition, disease awareness and health education are integral to shaping individual health outcomes, guiding clinical decision-making, and influencing healthcare utilization (46). Individuals with lower socioeconomic and educational levels are less likely to recognize their CKD status due to limited access to quality healthcare resources (47).

Besides, the low-SDI region experienced disproportionately severe environmental pollution and sanitation issues. Study showed that the low-SDI region suffered the highest mortality rates from air pollution and inadequate hand hygiene facilities (48). Despite being among the most affected by climate change, largely due to heavy reliance on fossil fuels and delayed transitions to clean energy, only 18.7 to 26.7% of countries in Central and South America, Asia, and Africa addressed the climate–health link in their 2018–2020 UN General Assembly statements (49, 50). Soil pollution also exhibited notable regional disparities, with heavy metal contamination particularly acute in developing countries such as India and those in Central Africa (51). Exposure to environmental pollutants—including contaminated soil, water, and air—is a well-established risk factor for chronic conditions such as hypertension, diabetes, CKD, and HF (52). Mechanistically, prolonged exposure to these pollutants may trigger oxidative stress, systemic inflammation, and autonomic dysfunction, ultimately impairing cardiovascular and renal systems and accelerating the progression of CKD and HF (53–55).

The systemic healthcare disparities may partially explain the highest disease burden observed in West Sub-Saharan Africa in our study. Countries with disparate healthcare coverage models showed substantial differences in CKD-associated HF burden. According to the Global Monitoring Report on Universal Health Coverage, Sub-Saharan Africa had the lowest coverage of essential health services worldwide (56). In this region, most nations lack comprehensive social welfare systems or health insurance infrastructure, with inadequate coverage that rendered secondary and tertiary CKD care financially catastrophic and made RTT largely inaccessible (39). A study reported that in Sub-Saharan Africa, 96% of adults and 95% of children with ESRD requiring dialysis died or were presumed dead due to the unaffordability of treatment (57). Nigeria exemplified these challenges as Sub-Saharan Africa’s most populous nation and largest economy, recording the highest CKD-associated HF burden globally at the country/territory level. Limited insurance coverage combined with high out-of-pocket costs forced patients to discontinue chronic disease management (58). Additionally, the emigration of healthcare professionals was a critical concern, with over 12,000 Nigerian physicians practicing abroad, contributing to severe shortages in specialties such as cardiology and nephrology (59). Conversely, high-income Asia-Pacific countries, including Brunei, Japan, South Korea, and Singapore, have established universal health insurance or public-private healthcare models that ensured accessibility to ESRD treatment for most patients (39).

Our findings indicated that the burden of CKD-associated HF in the high-SDI region was ranked second to low-SDI regions. Research demonstrated that while HF incidence has stabilized or declined in high-income countries, its burden continued to increase, potentially driven by aging populations, increased risk factors, efficacy of novel therapies, and improved survival rates (2). Furthermore, the trend among different SDI groups increased more rapidly as the SDI levels increased during the period from 1990 to 2021. Multiple factors contributed to this seemingly paradoxical phenomenon. Social development has reduced mortality from infectious diseases, while population aging, prolonged chronic disease duration, and behavioral risk factors such as physical inactivity, smoking, and alcohol consumption increase the risk of CKD or HF (60, 61). Additionally, advancements in medical technology and updated diagnostic criteria have also amplified the disease burden statistically. These factors may elucidate why high-income North America experienced the most substantial increases in prevalence and YLDs from 1990 to 2021. These findings necessitate that policymakers reconsider the assumption that development inherently improves health, and balance health risks and social progress through preventive interventions, timely treatment, and disease surveillance.

In response to the growing global burden of CKD-associated HF, comprehensive preventive measures are urgently needed. Primarily, promoting healthy lifestyles is essential for preventing and mitigating disease burden. Encouraging balanced nutrition, regular physical activity, smoking cessation, and alcohol moderation can reduce metabolic diseases such as obesity, hypertension, and diabetes (62). Besides, research has shown that dietary optimization and regular exercise play a crucial role in improving renal function and lowering HF risk (63, 64). The World Health Organization (WHO) is committed to reducing healthcare disparities and promoting health equity. To alleviate the burden of CKD-associated HF, regions with lower SDI should focus on enhancing medical training, improving health infrastructure, expanding healthcare coverage, and increasing access to CKD- and HF-related medications through international collaboration. Moreover, achieving environmental sustainability is critical for advancing the United Nations’ 2030 Sustainable Development Goals and enhancing global health outcomes. Evidence suggested that strengthening environmental governance and mitigating pollution effectively prevent cardiovascular and kidney diseases (65, 66). Therefore, it is imperative for countries to balance economic growth with environmental protection, recognizing the link between environmental degradation and chronic diseases.

This research has some limitations. Firstly, our investigation was based on the GBD database, which, while methodologically robust and reliable, is ultimately restricted by the quality of accessible data. Secondly, in certain locations, particularly those with lower SDI, GBD data is often limited or insufficient, predominantly relying on statistical modeling (12, 13). This constraint is likely to affect the analysis and potentially introduce bias into burden estimates. However, the GBD framework addressed this limitation by incorporating UIs in all estimates, which capture uncertainties throughout the estimation process, especially in data-sparse regions. In our secondary analysis using the joinpoint method, we further incorporated UIs while assuming non-constant variance (12, 13). The acquisition of additional high-quality datasets will be essential for enhancing future research endeavors. Thirdly, the GBD database lacked subnational data for most countries, limiting our ability to conduct such analyses within individual countries. Future updates with improved granularity would enable more comprehensive assessments of health inequalities within countries. Finally, despite the GBD study’s robust methodological adjustments to account for COVID-19 disruptions in data completeness and disease detection, some uncertainty in the 2020–2021 estimates remained.



Conclusion

In conclusion, this research demonstrated that the global burden of CKD-associated HF in older adults has generally increased from 1990 to 2021, with significant disparities persisting across genders and SDI levels. Regions with lower socioeconomic development continued to bear a disproportionately higher burden. The findings from this population-based investigation will inform evidence-driven resource allocation for effective prevention and intervention strategies targeting CKD-associated HF. The increasing impact of this condition necessitates prioritization in global and national health agendas, with policymakers urged to enhance investments in preventive medicine and implement interventions with demonstrated efficacy.
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