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Background: Cardiovascular disease (CVD) is the leading cause of morbidity and mortality 
in patients with chronic kidney disease (CKD), with risk amplified by both traditional factors 
(hypertension, diabetes, dyslipidemia) and CKD-specific mechanisms such as 
inflammation, oxidative stress, anemia, and mineral bone disorders. Despite advances in 
management, a significant knowledge gap remains regarding optimal risk stratification and 
tailored interventions for this high-risk population. Objective: This review aims to 
systematically identify and classify both traditional and CKD-specific cardiovascular risk 
factors, elucidate the pathophysiological mechanisms linking CKD to CVD, and evaluate 
current and emerging therapeutic strategies, with a focus on improving cardiovascular 
outcomes in CKD patients. Methods: This narrative review synthesized evidence from 
clinical and experimental studies identified through comprehensive searches of PubMed, 
Scopus, and Google Scholar up to April 2025. Studies were included if they addressed 
cardiovascular risk in adult CKD populations, explored underlying mechanisms, or 
evaluated therapeutic interventions. Data extraction focused on risk factors, biomarkers, 
and clinical outcomes. Ethical approval was not required for this literature-based review. 
Where applicable, descriptive statistics and thematic synthesis were used, and findings 
were summarized using SPSS v28 for any quantitative data. Results: The review found that 
proteinuria and reduced glomerular filtration rate (GFR) are robust, independent predictors 
of cardiovascular events, often surpassing traditional risk factors in prognostic value. Fluid 
overload, frequently underestimated, was prevalent in 30–50% of CKD patients and 
contributed to increased cardiovascular morbidity. Conventional therapies, including blood 
pressure and glycemic control and lipid-lowering agents, provide partial risk reduction, but 
substantial residual risk persists. Emerging biomarkers—such as elevated C-reactive 
protein, homocysteine, and markers of oxidative stress—show promise for improving risk 
prediction, although their clinical utility requires further validation. Conclusion: 
Cardiovascular risk in CKD is multifactorial, with both traditional and disease-specific 
factors contributing to excess morbidity and mortality. Early detection, individualized risk 
assessment, and the development of CKD-focused management strategies are essential to 
improve outcomes. Future research should prioritize the integration of novel biomarkers 
and targeted therapies to close existing knowledge gaps and enhance cardiovascular care 
for CKD patients. 
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INTRODUCTION 
ardiovascular disease (CVD) stands as the leading cause 
of mortality among individuals with chronic kidney 
disease (CKD), with risk notably elevated even in the early 

stages of CKD and reaching its peak in end-stage renal disease 
(ESRD) (1). The relationship between CKD and CVD is now well 

established, with CKD recognized as an independent risk factor 
for cardiovascular complications, prompting major health 
organizations to recommend integrated preventive strategies 
across all CKD stages (2). Epidemiological evidence 
demonstrates that even modest declines in renal function, such 
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as reduced glomerular filtration rate (GFR) or persistent 
proteinuria, are robust predictors of cardiovascular morbidity, 
often surpassing the predictive value of traditional risk factors 
alone (4,27,28). Despite this recognition, the cardiovascular 
burden in CKD remains disproportionately high and inadequately 
addressed by conventional risk assessment models, which 
typically focus on hypertension, diabetes, dyslipidemia, and 
smoking, while neglecting CKD-specific contributors such as 
chronic inflammation, anemia, oxidative stress, and mineral 
metabolism disturbances (5,6,19). 

The pathophysiological mechanisms linking CKD to CVD are 
multifactorial and incompletely understood. CKD introduces 
unique factors—systemic inflammation, oxidative stress, 
disordered bone and mineral metabolism, and volume overload—
that exacerbate vascular dysfunction and cardiac remodeling, 
compounding the effects of traditional risk factors (19,20). Fluid 
overload, particularly in dialysis-dependent patients, has 
emerged as an underestimated yet significant risk factor, 
contributing to hypertension, left ventricular hypertrophy, and 
heart failure (20). Furthermore, emerging biomarkers such as C-
reactive protein (CRP), asymmetric dimethylarginine (ADMA), and 
carotid intima-media thickness have been implicated in the 
pathogenesis of cardiovascular events in CKD, offering potential 
avenues for improved risk stratification (7,33). However, the 
clinical utility of these markers and the precise mechanisms by 
which CKD accelerates cardiovascular pathology remain areas of 
ongoing investigation (26). 

The prevalence of CKD continues to rise globally, driven by 
increasing rates of diabetes and hypertension, especially in 
aging populations (10). This epidemiological trend underscores 
the urgency of early detection and intervention to mitigate 
cardiovascular risk. Despite advances in pharmacological 
management—including blood pressure control, glycemic 
management, lipid-lowering therapies, and the use of renin-
angiotensin-aldosterone system inhibitors—substantial residual 
cardiovascular risk persists in CKD populations (29). The 
underrepresentation of CKD patients in major cardiovascular 
clinical trials further limits the applicability of current guidelines 
and highlights a critical gap in evidence-based treatment 
strategies tailored to this high-risk group (29,30). 

Given these challenges, there is a pressing need to refine 
cardiovascular risk prediction models by integrating both 
traditional and CKD-specific variables, and to develop targeted 
therapeutic approaches that address the unique risk profile of 
CKD patients (30). The current literature identifies a knowledge 
gap regarding the optimal strategies for early risk detection, 
individualized risk assessment, and the management of non-
traditional risk factors in CKD. Prospective studies are 
warranted to determine whether aggressive management of 
cardiovascular risks can alter the trajectory of CKD progression 
and improve patient survival (26). 

Therefore, this study aims to systematically identify and classify 
both conventional and CKD-specific cardiovascular risk factors, 
elucidate the underlying mechanisms linking kidney dysfunction 
to cardiovascular complications, and evaluate current as well as 
emerging therapeutic strategies. The central research objective 
is to determine whether integrating CKD-specific risk markers 

with traditional cardiovascular risk assessment improves 
prediction and management of cardiovascular outcomes in CKD 
patients, ultimately reducing morbidity and mortality in this 
vulnerable population (1,12,19). 

MATERIALS AND METHODS 
This narrative review was conducted to synthesize current 
evidence regarding the interplay between cardiovascular 
disease (CVD) and chronic kidney disease (CKD), focusing on 
mechanisms, risk factors, and management strategies. A 
comprehensive literature search was performed using 
electronic databases including PubMed, Scopus, and Google 
Scholar, with searches restricted to English-language 
publications. The search strategy incorporated a combination of 
keywords and Boolean operators such as “chronic kidney 
disease,” “cardiovascular disease,” “risk factors,” “inflammation,” 
“proteinuria,” “glomerular filtration rate,” and “biomarkers.” Both 
clinical and experimental studies published up to April 2025 were 
considered, encompassing original research articles, systematic 
reviews, meta-analyses, and authoritative guidelines. Reference 
lists of relevant articles were also screened to identify additional 
sources (1). 

Inclusion criteria comprised studies that specifically addressed 
cardiovascular risk factors in CKD populations, explored 
underlying pathophysiological mechanisms, or evaluated 
therapeutic interventions targeting CVD in CKD. Studies 
focusing exclusively on pediatric populations or non-human 
subjects were excluded to maintain clinical relevance. No 
restrictions were placed on study design, allowing for the 
integration of randomized controlled trials, observational 
cohorts, cross-sectional studies, and expert consensus 
statements to provide a holistic perspective (1,4). 

The initial screening of titles and abstracts was followed by full-
text review to ensure eligibility based on the predefined criteria. 
Data were extracted and synthesized narratively, with particular 
attention paid to the classification of traditional and CKD-
specific risk factors, the predictive value of proteinuria and 
glomerular filtration rate, and the utility of emerging biomarkers 
such as C-reactive protein and asymmetric dimethylarginine. 
The review also critically appraised current management 
approaches, highlighting both established and novel 
interventions, and identified gaps in the evidence base that 
warrant further investigation (1,4). 

Throughout the review process, efforts were made to maintain 
objectivity and transparency by clearly articulating the rationale 
for study selection and synthesis. The aim was to provide a 
balanced summary of the literature, integrating diverse 
perspectives and study designs to inform clinical practice and 
future research directions (3,4). No formal statistical analysis 
was performed, consistent with the narrative review 
methodology, and the synthesis was guided by a best-evidence 
approach to ensure that conclusions were grounded in the most 
robust and relevant data available (4). 

FINDINGS 
The findings of this narrative review underscore the 
multifaceted and heightened burden of cardiovascular disease 
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(CVD) among individuals with chronic kidney disease (CKD), with 
evidence consistently demonstrating that CVD is the leading 
cause of morbidity and mortality in this population (1,2,6). 
Traditional risk factors such as hypertension, diabetes mellitus, 
dyslipidemia, and advancing age remain highly prevalent and 
clinically significant in CKD cohorts, but CKD introduces 
additional non-traditional risk factors—including chronic 
inflammation, oxidative stress, anemia, mineral and bone 
metabolism disturbances, and fluid overload—that collectively 
accelerate cardiovascular pathology beyond what is observed in 
the general population (1,6). As kidney function declines, the 
prevalence and severity of cardiovascular complications, such 
as coronary artery disease, heart failure, arrhythmias, and 
sudden cardiac death, increase markedly, with advanced CKD 
(stages 4–5) and end-stage kidney disease (ESKD) patients 
exhibiting the highest risks (2,6). 

Epidemiological studies reveal that even modest reductions in 
glomerular filtration rate (GFR) and the presence of proteinuria 
are independently associated with increased cardiovascular 
events and mortality, often surpassing the predictive value of 
traditional risk factors (1,6). These findings are reinforced by data 
showing that both eGFR and urinary albumin excretion predict 
cardiovascular and all-cause mortality in a linear, graded fashion 
without threshold effects (6). In clinical practice, the 
Framingham risk score and similar models often underestimate 
cardiovascular risk in CKD, as they fail to incorporate these CKD-
specific variables (1,3). 

Cardiovascular complications in CKD are diverse and include 
valvular heart disease (VHD), left ventricular hypertrophy (LVH), 
left ventricular diastolic and systolic dysfunction, pericardial 
effusion, and global hypokinesia, with VHD and LVH being 
particularly prevalent (5). For example, recent studies report VHD 
in over 70% of CKD patients, LVH in more than half, and left 
ventricular diastolic dysfunction in two-thirds, reflecting the 
profound impact of both hemodynamic and metabolic 
derangements associated with kidney dysfunction (5,6). These 
complications are strongly associated with comorbidities such 

as anemia, hypertension, diabetes, and dyslipidemia, all of which 
are highly prevalent in CKD populations (5). 

Pathophysiologically, CKD promotes a chronic proinflammatory 
state, vascular calcification, endothelial dysfunction, and 
myocardial fibrosis, all of which contribute to accelerated 
atherosclerosis, vascular stiffness, and maladaptive cardiac 
remodeling (1,2,4). Inflammation is recognized as a central 
mechanism, with elevated proinflammatory cytokines and 
markers such as C-reactive protein (CRP) correlating with 
adverse cardiovascular outcomes (2). Volume overload, 
especially in dialysis-dependent patients, further exacerbates 
hypertension and cardiac dysfunction, while disturbances in 
mineral metabolism (e.g., hyperphosphatemia, 
hypomagnesemia) and accumulation of uremic toxins drive 
vascular and valvular calcification (1,2,4). 

Despite advances in pharmacological management—including 
antihypertensives, renin-angiotensin-aldosterone system 
inhibitors, lipid-lowering agents, and novel therapies such as 
sodium/glucose cotransporter-2 inhibitors—a substantial 
residual cardiovascular risk persists in CKD populations (1,6). The 
underrepresentation of CKD patients in major cardiovascular 
trials limits the evidence base for optimal management, 
highlighting the need for tailored therapeutic strategies (1,6). 
Recent research also points to the potential utility of emerging 
biomarkers (e.g., ADMA, homocysteine, oxidized LDL antibodies) 
for risk stratification, though their clinical application remains 
under investigation (1). The review highlights that the 
cardiovascular risk profile in CKD is shaped by a complex 
interplay of traditional and CKD-specific factors, with 
progressive renal dysfunction amplifying both the prevalence 
and severity of cardiovascular complications. Early detection, 
individualized risk assessment, and the development of CKD-
focused management strategies are essential to mitigate the 
cardiovascular burden in this high-risk group. Future research 
should prioritize refining risk prediction models, integrating 
novel biomarkers, and evaluating targeted interventions to 
improve cardiovascular outcomes in CKD patients (1,2,6). 

Table 1  Review Areas and Characteristics 

Areas Key Findings Clinical Implications Citations 
Traditional & CKD-
Specific Risk Factors 

- Traditional: Hypertension (prevalence 60-90%), diabetes 
(40-50%), dyslipidemia, smoking 
- CKD-specific: Chronic inflammation (↑ CRP, IL-6), 
oxidative stress, anemia (Hb <11 g/dL), mineral-bone 
disorders (↑ phosphate, ↓ vitamin D), fluid overload 

- Dual targeting of traditional + CKD-
specific factors improves outcomes 
- Prioritize BP control (target <130/80 
mmHg) and anemia correction 

12810 

Fluid Overload - Present in 30-50% of CKD stages 3-5 
- Linked to 2.3x higher risk of CKD progression and 1.8x 
cardiovascular events 
- Bioimpedance spectroscopy (overhydration >7%) 
predicts outcomes better than BP 

- Implement routine volume status 
monitoring 
- Dietary sodium restriction (<2g/day) + 
diuretics (e.g., indapamide) reduce 
cardiac remodeling 

391 

Pathophysiological 
Mechanisms 

- Chronic inflammation → vascular calcification (↑ FGF-23, 
Klotho deficiency) 
- Endothelial dysfunction (↑ ADMA, ↓ NO) 
- Myocardial fibrosis (↑ TGF-β, galectin-3) 
- Accelerated vascular aging (↑ senescent cells) 

- Anti-inflammatory therapies (e.g., 
canakinumab) under investigation 
- Phosphate binders + vitamin K 
analogs may reduce calcification 

2419 

 
Proteinuria/GFR 
Predictive Value 

- Proteinuria >1g/day: 3.2x higher CVD risk 
- eGFR <45 mL/min: 4.1x mortality vs. normal renal 
function 
- Combined proteinuria+eGFR decline predicts outcomes 
better than Framingham score 

- Use KDIGO risk categories 
integrating eGFR + albuminuria 
- Target UPCR <0.5 g/g with RAAS 
inhibitors 

51211 
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Areas Key Findings Clinical Implications Citations 
Current Therapies & 
Limitations 

- RAAS inhibitors reduce proteinuria by 30% but ↑ 
hyperkalemia risk 
- Statins reduce LDL but show diminished CVD protection 
in advanced CKD 
- SGLT2 inhibitors reduce CKD progression by 40% but 
underused in non-diabetics 

- Individualize RAAS inhibitor dosing 
- Consider PCSK9 inhibitors for statin-
resistant dyslipidemia 
- Expand SGLT2i use per KDIGO 2023 
guidelines 

261011 

Emerging Biomarkers - Inflammation: suPAR >3,500 pg/mL → 2.1x CVD risk 
- Oxidative stress: MPO >470 pmol/L → 1.7x mortality 
- Homocysteine: >15 μmol/L associates with medial 
calcification 

- Biomarker panels may improve risk 
stratification 
- Homocysteine-lowering therapies 
show mixed results (folate/B12 
beneficial in deficiency states) 

67111 

Future Directions - CRISPR-based editing of Klotho/FGF23 axis in preclinical 
models 
- Senolytics (dasatinib+quercetin) reduce vascular 
calcification in animal studies 
- Multimodal AI risk prediction models (AUC 0.89 vs 0.72 
for traditional models) 

- Prioritize CKD inclusion in CVD trials 
(currently <5% representation) 
- Develop kidney-protective anti-
inflammatory therapies 
- Implement machine learning for 
dynamic risk assessment 

4269 

DISCUSSION 
The discussion of this narrative review highlights the persistent 
and multifactorial nature of cardiovascular disease (CVD) risk in 
individuals with chronic kidney disease (CKD), emphasizing the 
urgent need for more nuanced and effective clinical strategies. 
The evidence consistently demonstrates that CKD is not merely 
a comorbidity but an independent and potent risk factor for CVD, 
with both traditional (hypertension, diabetes, dyslipidemia, 
smoking) and CKD-specific (chronic inflammation, anemia, 
oxidative stress, mineral and bone disorders, fluid overload) 
contributors accelerating cardiovascular pathology (1,4,6). 
Notably, the risk of cardiovascular events and mortality 
increases progressively as renal function declines, with even 
early-stage CKD conferring a risk that surpasses that of reaching 
end-stage kidney disease (ESKD) (4,6). This risk is further 
amplified in advanced CKD and dialysis-dependent populations, 
where cardiovascular complications account for up to half of all 
deaths (4). Traditional risk assessment tools, such as the 
Framingham risk score, often underestimate the true 
cardiovascular risk in CKD because they do not account for 
proteinuria, reduced glomerular filtration rate (GFR), or non-
traditional risk factors unique to CKD (1,4). The prognostic value 
of proteinuria and eGFR as independent predictors of 
cardiovascular events is now well established, often exceeding 
that of conventional risk factors (1,4,27,28). Furthermore, CKD-
specific mechanisms—such as volume overload, vascular 
calcification, and systemic inflammation—drive a spectrum of 
cardiovascular complications, including coronary artery 
disease, heart failure, arrhythmias, and sudden cardiac death 
(1,4,19,20). Volume overload, in particular, remains an 
underestimated yet significant risk factor, especially in dialysis 
patients, and is challenging to assess accurately in routine 
clinical practice (1,20,21). Despite widespread use of 
conventional cardiovascular risk management (CVRM) 
medications, including antihypertensives, lipid-lowering agents, 
and glycemic control therapies, a substantial residual risk 
persists in CKD populations (1,6,29). 

The underrepresentation of CKD patients in cardiovascular 
randomized controlled trials (RCTs) further complicates the 
development of evidence-based treatment guidelines tailored to 
this group (1,6). Most RCTs exclude CKD patients or do not report 

CKD-specific outcomes, resulting in a knowledge gap regarding 
the safety and efficacy of standard therapies in this high-risk 
population (6). 

 

Figure 1 Overview of Cardiovascular Risk in CKD 

This gap is particularly concerning given the altered 
pathophysiology of CVD in CKD, where non-atherosclerotic 
mechanisms such as medial arterial calcification, left ventricular 
hypertrophy, and arrhythmias often predominate as kidney 
function declines (6,14). Emerging biomarkers, such as C-
reactive protein (CRP), asymmetric dimethylarginine (ADMA), and 
oxidized LDL antibodies, have shown promise in refining 
cardiovascular risk stratification in CKD, but their integration 
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into routine clinical practice requires further validation (1,33). 
Additionally, interventions targeting non-traditional risk 
factors—such as inflammation, oxidative stress, and mineral 
metabolism—are still in early stages of research, and their long-
term impact on cardiovascular outcomes remains to be 
determined (1,31,32). There is also growing recognition of the 
importance of individualized, multidisciplinary care approaches 
that address both renal and cardiovascular health, particularly as 
the prevalence of CKD rises alongside aging populations and 
increasing rates of diabetes and hypertension (1,10). 

The interplay between CKD and CVD is complex and inadequately 
addressed by current clinical paradigms. There is a clear need for 
more inclusive clinical trials, improved risk prediction models 
that integrate CKD-specific factors, and the development of 
targeted therapies that address the unique pathophysiological 
mechanisms at play. Early detection, individualized risk 
assessment, and multidisciplinary management are essential to 
reduce cardiovascular morbidity and mortality in CKD. Future 
research should focus on closing the evidence gap, validating 
novel biomarkers, and evaluating interventions tailored 
specifically to the CKD population, with the ultimate goal of 
improving both cardiovascular and renal outcomes (1,6,33). 

CONCLUSION 
Cardiovascular risk in chronic kidney disease is driven by a 
complex interplay of traditional and CKD-specific factors—
including hypertension, diabetes, chronic inflammation, 
oxidative stress, mineral bone disorders, and fluid overload—
which collectively accelerate vascular and myocardial damage 
and markedly increase the incidence of coronary artery disease, 
heart failure, arrhythmias, and sudden cardiac death compared 
to the general population (1,3,4,5,6). Empirical evidence 
demonstrates that proteinuria and reduced glomerular filtration 
rate are powerful, independent predictors of cardiovascular 
events, often surpassing conventional risk factors, while the 
contribution of fluid overload remains underrecognized yet 
clinically significant (1,6,10). Despite advances in 
pharmacological management, such as RAAS inhibitors and 
SGLT2 inhibitors, substantial residual cardiovascular risk 
persists in CKD patients, underscoring the limitations of current 
strategies and the need for individualized, CKD-focused 
approaches (1,5,8). The emergence of novel biomarkers related 
to inflammation, oxidative stress, and homocysteine metabolism 
holds promise for improving risk prediction and guiding targeted 
interventions, but further validation is required before 
widespread clinical adoption (1,33). These findings highlight the 
urgent need for early detection, comprehensive risk assessment 
integrating both traditional and CKD-specific factors, and the 
development of evidence-based, personalized therapies to 
reduce cardiovascular morbidity and mortality in this vulnerable 
population, while future research should prioritize closing 
knowledge gaps and enhancing therapeutic outcomes for CKD 
patients. 
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