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Abstract: Introduction: Chronic Kidney Disease is a growing health burden world wide. Tradi-

tional and mutual risk factors between CVD and CKD are age, hypertension, diabetes mellitus, 

dyslipidemia, tobacco use, family history and male gender. In this review, we will focus on whether 

or not early CKD is an important risk factor for the presence, severity and progression of CVD. 

Specifically, we will examine both traditional and novel risk factors of both CKD and CVD and 

how they relate to each other.  

Conclusion: We will also assess if early treatment of CKD, intensive compared to standard, has an 

important effect on the halt of the development of CKD as well as CVD. Insights into the patho-

genesis and early recognition of CKD as well as the importance of novel kidney biomarkers will be 

pointed out. Also, common pathogenetic mechanisms between CKD and CVD will be discussed. 

Keywords: CKD, CVD, pathogenesis, early detection, kidney biomarkers, United States. 

1. INTRODUCTION 

 Chronic Kidney Disease (CKD) is a growing health bur-

den not only in the United Stated but also worldwide [1]. 

During the past years, the nomenclature for CKD included 

terms such as ‘’chronic renal failure’’, ‘’chronic renal insuf-

ficiency’’, ‘’pre-dialysis’’ and ‘’pre-end-stage renal dis-

ease’’, and categorized mainly by cause [2]. Evaluation, 

classification, and risk stratification in CKD are based on 

clinical practice guidelines that have been published by Na-

tional Kidney Foundation (NKF) in 2002 [1, 3]. The diagno-

sis of chronic kidney disease is settled when there is either 

kidney damage for � 3 months, as confirmed by kidney bi-

opsy or markers of kidney damage, with or without a de-

crease in Glomerular Filtration Rate (GFR), or a reduction in 

GFR, GFR < 60 mL / min per 1.73 m
2
 for � 3 months, with 

or without kidney damage [3]. Any reduction in the GFR 

mirrors a functional kidney abnormality, while signs such as 

albuminuria, hematuria, abnormal urinary sediment or a 

pathologic kidney biopsy represent an anatomical or struc-

tural abnormality. These aspects have to be persistent for at 

least 3 months, in order to establish a diagnosis of CKD [3]. 

After establishing the diagnosis, the clinician should be able 

to define the stage of CKD in which the patient belongs to. 

There are 5 different stages; the degree of reduction in GFR 

correlates to stage and severity of disease. The first two 

stages may have normal GFR or only a slight reduction, but 

are often accompanied by positive markers of kidney  
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damage; usually abnormal urinary albumin to creatinine ratio 

[1]. The disease is underdiagnosed mainly due to CKD being 

asymptomatic in nature; CKD is often not detected until its 

later stages [4]. The overall prevalence of CKD increased 

from 12 percent to 14 percent between 1988 and 1994 and 

from 1999 to 2004, but has remained relatively stable since 

2004. The largest increase occurred in people with Stage 3 

CKD, from 4.5 percent to 6.0 percent, since 1988. Women 

(15.93%) are more likely to have stages 1 to 4 CKD than 

men (13.52 %) [5]. Chronic kidney disease frequently inter-

relates with cardiovascular disease [6, 7]. According to the 

U.S. Renal Data System report published in 2013, 43% of 

patients with CKD and CVD had Heart Failure (HF), and 

15% had a history of Acute Myocardial Infarction (AMI); 

the equivalent proportions in non-CKD patients with CVD 

were 18.5% and 6.4%, respectively [8]. It has been acknowl-

edged that patients with advanced kidney disease, stage 4 or 

5, are at high risk of cardiovascular disease morbidity and 

mortality [9]. In patients requiring dialysis, CVD is being 

recognized as the leading cause of death. Nonetheless, it is 

nowadays being advocated that patients with earlier stages of 

chronic kidney disease also suffer a high rate of fatal and 

nonfatal cardiovascular events [10]. A recent, prospective 

population based cohort study concluded that patients at the 

early stages of CKD, even without manifestations of vascu-

lar disease, were associated with excess risk of subsequent 

coronary heart disease [6]. For this reason, CKD itself is now 

deliberated as an independent CVD risk factor and a Coro-

nary Artery Disease (CAD) equivalent for all-cause mortality 

[6]. It is worth mentioning that CKD patients are more likely 

to die from cardiovascular events instead of developing kid-

ney failure and ending up on renal replacement therapy [11].  
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 The potential explanations for the co-existence of these 

two entities may be explained from the following: 1. CKD is 

associated with increased prevalence of traditional and non-

traditional cardiovascular disease risk factors, 2. CKD is an 

independent risk factor for CVD, 3. many risk factors of car-

diovascular disease exacerbate the progression of CKD, and 

4. CVD by itself may be a risk factor for CKD [12, 13]. Par-

ticularly, CKD patients have a higher incidence of increased 

cardiovascular morbidity and mortality, attributable not only 

to the traditional CV risk factors, but also to the presence of 

a wide array of non-traditional risk factors that are unique to 

patients with CKD [12, 13]. Although it has been reported 

that multiple classical and novel risk factors of patients with 

CKD predispose to CVD morbidity and mortality, many 

studies examining CVD’s population have excluded patients 

with renal dysfunction due to the high risk for adverse out-

comes, and this exclusion would likely weaken the assump-

tion that these two diseases are strongly interrelated [14]. 

 Nevertheless, the NKF underlies the importance of early 

identification and treatment of CKD and its associated co-

morbid conditions, including cardiovascular disease [3]. Cur-

rently, a large observational study of patients with early 

CKD followed for 5.5 years concluded that 24.9% of pa-

tients died before reaching dialysis, while 3.1% progressed 

to requiring Renal Replacement Therapy (RRT). Most of the 

deaths were attributed to cardiovascular events [15].  

 In this review, we will focus on whether or not early 

CKD is an important risk factor for the presence, severity 

and progression of CVD. Specifically, we will examine both 

traditional and novel risk factors of both CKD and CVD and 

how they relate to each other. We will also assess if early 

treatment of CKD, intensive compared to standard, has an 

important effect on the halt of the development of CKD as 

well as CVD. 

2. CKD, CVD AND MUTUAL RISK FACTORS 

 As we mentioned earlier, an international classification 

of CKD has identified five stages. Early CKD is depicted as 

stages 1-3. Structural abnormalities, presence of persistent 

proteinuria or hematuria are characteristics of the presence of 

stage 1 and 2, while estimated Glomerular Filtration Rate 

(eGFR) between 30 and 59ml/min/1.73 m
2
 on at least two 

occasions at a minimal interval of 3 months, defines stage 3 

[3]. Stage 3 is the first stage that can be detected on serum 

chemistry and accounts for the vast majority of people now 

being detected and labelled with CKD on general practice 

disease registers [3]. The course of early CKD is almost al-

ways subclinical [16]. Varma et al. conducted a cross-

sectional study of Army Personnel in Central India and con-

cluded that 9.54% of healthy army personnel were found to 

have early stages of CKD [16]. The results were based on an 

investigative profile that included a routine urine exam, 

semi-quantitative microalbuminuria (MAU), serum creatin-

ine, lipid profile and fasting blood glucose [16]. GFR was 

calculated using the Modification of Diet in Renal Diseases 

(MDRD) study equation [17]. Using the same calculations 

and equations, it is estimated that as many as 10% of the US 

adult population have early CKD [18, 19]. This increases 

with age to approximately 20% over 65 years and more than 

30% over 80 years [18, 19]. 

 Screening and detection of early stages of CKD can help 

institute interventions that may delay the progression of the 

disease [18]. Indeed, based on the aforementioned data, the 

emphasis for treatment and intervention should be shifted 

towards the earlier stages of chronic kidney disease, since 

early identification through instituting screening programs 

may essentially improve the impact of CKD and delay or 

even halt its progression [18, 19]. 

3. MUTUAL RISK FACTORS 

 Traditional and mutual risk factors between CVD and 

CKD are age, hypertension, diabetes mellitus, dyslipidemia, 

tobacco use, family history and male gender. High blood pres-

sure, glucose, and lipid levels, as well as tobacco use can ag-

gressively be modified. However, toxic metabolites produced 

by uremia in chronic kidney disease as well as conditions that 

alter the metabolism of chemical elements, such as calcium 

and phosphorus, account for the excess CVD in patients with 

CKD, and are known as non-traditional risk factors [19, 20]. 

4. THE ROLE OF MICROALBUMINURIA 

 A common finding in hypertension, diabetes and dyslipi-

demia is microalbuminuria, which is an essential predictor of 

identifying those at risk of kidney disease progression [18]. 

Observing patients with diabetic nephropathy, there is a tre-

mendously increased incidence in mortality with the onset of 

proteinuria; thus, trials aiming to reduce the incidence and 

progression of proteinuria through the blockade of the 

Renin-Angiotensin-Aldosterone System (RAAS) have been 

successful [21]. However, once nephropathy has been estab-

lished, the beneficial effect of RAAS blockade is not ob-

served, so early intervention is crucial for halting the disease 

progression [21]. Also, hypertension is essentially linked 

with CKD, establishing a vicious cycle. Hypertensive sub-

jects with increased pulse pressure and proteinuria have in-

creased incidence of all-cause mortality, CV mortality, acute 

myocardial infarction and heart failure [22]. 

 Interestingly, cigarette smoking, the most preventable 

cause for CVD, has been implicated in the pathogenesis of 

CKD. Specifically, the stimulation of postganglionic sympa-

thetic nerve endings by nicotine, results in increased levels 

of epinephrine and norepinephrine, with subsequent increase 

in blood pressure levels, activation of the RAAS, increase in 

GFR and finally in intra-glomerular pressure [23]. Addition-

ally, an association of the severity of albuminuria with the 

number of cigarettes smoked has been observed [23]. 

 There have been a few studies that examined proteinuria 

as a predictor of cardiovascular mortality and some studies 

acknowledged a statistically significant association for at 

least one gender [24-28]. Microalbuminuria, often an early 

sign of diabetic kidney disease, defined as urinary albumin 

excretion between 30 mg and 300 mg/24 hours, is strongly 

associated with CVD in cross-sectional analysis [18]. Sub-

jects with microalbuminuria, with or without diabetes, have a 

higher prevalence of cardiovascular disease risk factors, in-

cluding hyperlipidemia, HTN, BMI, insulin resistance, and a 

history of smoking, compared to subjects without microal-

buminuria [26-28]. Jager et al. reported a positive associa-

tion of microalbuminuria and increased intima-media thick-

ness of the carotid artery in hypertensive subjects, while 
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Dell’Omo et al. noted more frequent concentric LVH in hy-

pertensive men with microalbuminuria [22, 24]. Other surro-

gates of CVD that are robustly correlated with the presence 

of microalbuminuria are any electrocardiographic evidence 

of myocardial ischemia, as well as the abnormal left ven-

tricular geometry and mass in subjects with hypertension and 

Left Ventricular Hypertrophy (LVH) [24-26]. 

 Despite the fact that the prevalence of microalbuminuria 

is low among young adults, it accelerates with age; 8-10% in 

the general elderly population and even greater in the pres-

ence of hypertension and or diabetes: 20% and 30% respec-

tively [26-28]. Distinct studies have demonstrated that mi-

croalbuminuria can be theorized as an independent factor for 

cardiovascular disease development and there are certain 

clues which support this [26-28]. Initially, the traditional 

threshold of urinary albumin-to-creatinine ratio that corre-

lates microalbuminuria with CVD has been lowered from 2.5 

mg/mmol in men and 3.5 mg/mmol in women to 1 mg/mmol 

or even less [18]. Also, it has been indicated that progression 

of microalbuminuria in subjects with type II diabetes melli-

tus, is independently associated with a further increased risk 

for cardiovascular disease [27-30]. Remarkably, the findings 

of the Losartan Intervention For Endpoint reduction in hy-

pertension (LIFE) study suggested that during treatment any 

reduction in the risk for the primary outcome; myocardial 

infarction, stroke and cardiovascular mortality, was linked to 

a proportional reduction of urinary albumin excretion [31]. 

The favorable outcomes were not explained and subse-

quently were not attributed to the Losartan group [31]. Mat-

sushita et al., conducted a collaborative meta-analysis of 

general population cohorts and examined any association 

that exists between albuminuria and all-cause mortality as 

well as cardiovascular [32]. There was a linear association 

between albuminuria and mortality on the log-log scale, in-

dependently of eGFR and conventional risk factors. This 

may further suggest that microalbuminuria provides addi-

tional prognostic information beyond eGFR alone [32]. Al-

beit the association between urinary albumin excretion and 

risk for cardiovascular disease is under investigation, the 

pathophysiology of this process is still under question, as 

there is no clear explanation how microalbuminuria is linked 

to cardiovascular risk [32, 33]. It is uncertain whether micro-

albuminuria causes atherothrombosis or vice versa. The fact 

that they share common risk factors with identical patho-

physiological processes may underlie this association [32, 

33]. It is mainly hypothesized that the existence of microal-

buminuria may demonstrate the severity of end-organ dam-

age and an inflammatory status where generalized endothe-

lial dysfunction and abnormalities in the coagulation cascade 

system are incorporated [32, 33]. This feature may introduce 

proteinuria as a novel risk factor for CVD, which plays a 

direct causal role in the progression of the vascular disease 

[33, 34]. 

5. CKD AND PATHOGENETIC MECHANISMS: IN-
FLAMMATION AND ENDOTHELIAL DYSFUNC-

TION  

5.1. The Role of NO 

 Dysregulation of intrinsic mechanisms that maintain the 

homeostasis of the vascular endothelium has been described. 

This disarrangement of endothelial function is considered to 

play an important role in both the initiation and the progres-

sion of atherosclerosis [34]. Levels of Nitric Oxide (NO), a 

principally important endothelium-derived mediator, have 

been examined [34]. Nitric oxide encompasses several prop-

erties, notably potent vasodilation, along with antiplatelet, 

anti-proliferative, anti-adhesive, permeability-decreasing, 

and anti-inflammatory characteristics [34]. In a large, popu-

lation-based study of 645 participants, comparing subject 

with normal and abnormal glucose metabolism as well as 

type 2 diabetes, the endothelial NO synthesis was signifi-

cantly impaired in groups with abnormal glucose metabolism 

and type 2 diabetes mellitus [34]. The NO synthesis was 

evaluated by ultrasonically measurement of the endothelium-

dependent, flow-mediated dilation of the brachial artery. 

Interestingly, it was described that in subjects with type 2 

diabetes and in subjects with microalbuminuria, irrespec-

tively of glycemic status, there was a significantly impaired 

endothelium-dependent, flow-mediated dilation of the bra-

chial artery [34]. Thus, defective endothelial NO synthesis is 

an essential characteristic that underlies the interconnection 

of microalbuminuria with cardiovascular disease risk [34, 

35]. However, the causal-relationship still needs to be clari-

fied, as it remains unclear whether microalbuminuria causes 

endothelial dysfunction or vice versa [34, 35].  

5.2. The Glycocalyx and the Endothelium 

 Recent findings suggest that vascular endothelium has a 

crucial role in determining the permeability of albumin, 

through a molecule called glycocalyx [36]. Glycocalyx fills 

the endothelial fenestrae and plays a key-role in terms of 

permeability, specifically glomerular size and charge selec-

tivity [36]. Defects in endothelial glycocalyx have been as-

sociated not only to microalbuminuria, but also to the patho-

genesis of atherosclerosis. It is speculated that the penetrance 

of albumin through the glomerulus reflects a generalized 

trans-vascular leakage of albumin and possibly other lipo-

protein particles into the arterial wall, thus contributing to 

atherosclerosis [36]. 

5.3. Inflammation and Inflammatory Markers  

 Cellular processes, such as inflammation and insulin re-

sistance, through oxidative stress mechanisms have been 

implicated in the pathogenesis of atherogenesis. The Heart 

Outcomes and Protection (HOPE) study, a post-hoc analysis 

of patients with elevated creatinine, did not find a benefit of 

Vitamin E on cardiovascular disease outcomes [37]. Never-

theless, a reduction in cardiovascular disease events with 

vitamin E has been demonstrated by the Secondary Preven-

tion with Disease (SPACE) trial [38]. Furthermore, another 

antioxidant agent, known as acetyl-cysteine has been shown 

to lower cardiovascular disease progression in patients with 

kidney failure [39]. Chronic, low-grade inflammation can be 

determined by measurement of markers that are markedly 

related to microalbuminuria, such as plasma levels of C-

reactive protein and cytokines such as IL-6 and TNF-a [40, 

41]. C-reactive Protein (CRP) may not only be a red flag for 

inflammatory conditions, but may be the mediator for the 

initiation and the progression of atherosclerosis, as it is im-

plicated in plaque initiation, formation, and rupture [40, 41]. 
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In a longitudinal analysis, CRP measured at baseline in the 

Modification of Diet in Renal Disease (MDRD) Study was 

an independent predictor of all-cause and cardiovascular 

disease mortality [17]. Other pro- and anti-inflammatory 

cytokines, including IL-10 and TNF-a, may also play a role 

in the development of cardiovascular disease in chronic kid-

ney disease [39-41]. Biomarkers of CKD progression and 

renal cardiovascular disease are shown in Fig. (1). 

 However, further molecular and clinical studies need to 

be performed in order to identify if these three conditions: 

low-grade inflammation, endothelial dysfunction and micro-

albuminuria are tightly linked together or are a consequence 

of one another. Current studies have not been able to clarify 

if microalbuminuria independently enhances endothelial 

dysfunction and low-grade inflammation [40, 41]. Urine 

Albumin-to-Creatinine Ratio (ACR) has been recommended 

as the preferred measure of albuminuria for the definition as 

well as for staging of CKD, by clinical and laboratory guide-

lines [3]. In terms of cost, the urine dipstick is often used for 

initial screening, because despite the fact that is less expen-

sive, can easily be performed at the point of care [3]. How-

ever, findings from a recent meta-analysis that assessed the 

independent role of albuminuria with mortality, displayed 

that even a trace urine protein on dipstick test was associated 

with an increase in mortality risk, consistent with the fact 

that 60% of individuals with trace on dipstick had microal-

buminuria [42]. According to these findings, it is suggested 

that even though dipstick being a less precise measure of 

albuminuria is quiet useful for risk stratification [42].  

5.4. Adiponectin and CKD 

 Adiponectin is a biomarker for metabolic syndrome, 

which is closely correlated to kidney disease [39]. Adi-

ponectin levels are inversely related to several metabolic 

parameters, such as body mass index and glucose levels [39, 

43]. In a cohort study of chronic hemodialysis patients, it has 

been postulated that, decreased plasma levels of adiponectin 

are associated with increased risk of cardiovascular disease 

mortality [43]. Thus, the role of adiponectin and its associa-

tion to mild and moderate kidney disease may be of interest, 

as mentioned in Fig. (1). 

5.5. Anemia and CKD 

 Anemia due to decreased Erythropoietin Production 

(EPO) is commonly seen in CKD [39]. It is crucial to realize 

that CKD patients need EPO replacement therapy, to in-

crease the hematocrit levels to a normal level. The use of 

intravenous iron dextran and also inadequate dialysis has 

been linked with adverse cardiovascular outcomes in hemo-

dialysis patients with preexisting heart failure and ischemic 

heart disease [39]. Iron generates not only oxygen-derived 

free radicals, which cause damage to coronaries, but induce 

LVH, as well. Anemia in CKD patients is rarely macrocytic, 

 

Fig. (1). Biomarkers of Chronic Kidney Disease (CKD) progression and renal Cardiovascular Disease (CVD).  
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but this finding may be associated with impaired flow-

mediated dilation due to endothelial dysfunction [39]. 

Hence, this macrocytic anemia in CKD may be an independ-

ent risk factor for an increase in CV events. 

6. CKD, CVD AND PATHOGENETIC MECHANISMS: 
MOLECULAR PATHS 

6.1. Dimethylarginines 

 Other biochemical molecules known as dimethylargini-

nes, which are derivatives of methylated amino acid, are 

implicated in the pathogenesis of CKD [44]. They are usu-

ally excreted into the urine as products of protein degrada-

tion, and subsequently their urinary levels are raised in clini-

cal conditions associated with increased protein breakdown, 

such as tumor growth and neurodegenerative diseases [45]. 

Post-translational methylation of arginine residues results in 

the formation of two isomers: asymmetric and symmetric 

dimethylarginines. The circulating levels of asymmetric di-

methylarginine (ADMA) are regulated by its release from 

methylated proteins, glomerular filtration, and enzymatic 

degradation by Dimethylarginine Dimethylaminohydrolase 

(DDAH) [46]. ADMA acts as an endogenous inhibitor of 

Nitric Oxide (NO) synthesis, and thus counter-regulates its 

favorable properties [46, 47]. Interestingly, it was observed 

that the levels of dimethylarginine were substantially in-

creased in subjects with CKD, where the loss of DDAH ac-

tivity contributes more to elevated ADMA concentrations 

than does the reduced glomerular filtration. However, the 

isomer form of ADMA, Symmetric Dimethylarginine, 

(SDMA), although elevated in renal disease, has no inhibi-

tory effect on nitric oxide synthase in vivo [46, 47]. Nonethe-

less, SDMA is more abundant than ADMA, and has recently 

emerged as an endogenous marker of renal function, due to 

its exclusive renal excretion [46, 47]. ADMA is now being 

considered a marker of endothelial dysfunction in humans 

given its inhibition of NO [46, 47]. Studies that were investi-

gating the pathophysiological mechanisms of atherogenesis 

in animal models suggested that ADMA levels were noted to 

rise early in the atherogenesis formation, indicating that this 

may be a possible causative factor [48-51]. Interestingly, 

Schwedhelm et al. noted that ADMA levels were elevated 

independently of renal function in patients with incipient 

CKD, suggesting that mechanisms other than impaired 

glomerular filtration might contribute to the accumulation of 

ADMA in this setting [47]. Consequently, it is being as-

sumed that not only genetic polymorphisms in DDAH1 have 

been described that modify the activity of DDAH-1, but 

DDAH-2 activity is affected by redox balance as well [46, 

47]. Upregulation of ADMA levels results in reduced nitric 

oxide generation, which underlies many of the clinical symp-

toms related to renal diseases and their vascular complica-

tions [46, 47]. With reference to SDMA, its potential patho-

genic role in vascular disease is probably mediated through 

generation of reactive oxygen species in monocytes and acti-

vation of store-operated calcium channels [46, 47]. Whereas 

several studies documented a strong connection of cardio-

vascular and cerebrovascular diseases with the ADMA and 

SDMA plasma levels, further experimental and clinical stud-

ies need to be done in order to clarify and understand the role 

of these methylated amino acid derivatives in the develop-

ment and progression of cardiovascular diseases [46, 47]. 

6.2. Bufadienolides 

 A group of steroid hormones, called Bufadienolides, may 

act as a bridge between chronic kidney disease and cardio-

vascular disease [48]. Bufadienolides along with carde-

nolides (of which Digoxin is a derivative), belong to a class 

of circulating substances known as cardiac glycosides [48]. 

These hormones possess different structural and physiologi-

cal characteristics, but their main mechanism of action is 

quite similar. Bufadienolides have the ability to inhibit the 

adenosine triphosphatase sodium-potassium pump (Na-K-

ATPase), thus inducing natriuresis, vasoconstriction and 

subsequently increase in blood pressure, as well as cardiac 

inotrope activity [48, 49]. They are synthesized in the adre-

nal cortex and placenta, and experimental observations in 

rats have shown that, in situations characterized by volume 

expansion, increased secretion has been noted in the brain 

and plasma levels [48, 49]. At present, marinobufagenin is 

the most actively studied compound of bufadienolides that 

has been isolated from mammals [49, 50]. So far, it has been 

demonstrated, through experimental studies, that the devel-

opment of kidney failure is accompanied by chronic volume 

overload and increased levels of marinobufagenin [50-53]. 

Additionally, its role has been implicated in the development 

of fibrosis in experimental uremic cardiomyopathy [52]. This 

was confirmed by observing that after immunization against 

marinobufagenin, the rate of cardiac hypertrophy and dia-

stolic dysfunction significantly weakened [52]. Comparing 

these data with the recent evidence that spironolactone at-

tenuates cardiac fibrosis and cardiomyopathy in both partial 

nephrectomy and marinobufagenin infusion models, re-

searchers suggested that this compound might be responsible 

for some of the cardiac injury, which has been attributed to 

aldosterone and that mineralocorticoid antagonists may pro-

duce some of their beneficial effects by antagonism of mari-

nobufagenin signaling through Na-K- ATPase [52]. Fur-

thermore, the concept of cardiac fibrosis induced by marino-

bufagenin, lead to the extension of the experiments, involv-

ing other organs that are interrelated to the cardiac muscle, 

such as the kidney. Peri-glomerular and peri-tubular deposi-

tion of collagen was described, as well as kidney fibrosis and 

kidney disease progression. Hence, it is of outmost impor-

tance for researchers and clinicians to conduct a series of in 

vitro and in vivo studies for bufadienolides in humans and 

determine an association between CKD and CVD [53].  

6.3. Homocysteine, Phosphorus and FGF-23 

 Conditions such as hyper-homocysteinemia, which are 

associated with increased cardiovascular disease risk in the 

general population, have been proven to be further detrimen-

tal in patients with renal failure undergoing hemodialysis 

[39]. Nonetheless, there is limited data between the relation-

ship of homocysteine levels and cardiovascular disease risk 

in patients in the early stages of chronic kidney disease [39]. 

A recent analysis of a cohort of United States veterans with 

CKD stage 3 demonstrated that serum phosphorus levels>3.5 

mg/dL were independent predictors of all-cause mortality 

[39]. 
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 Similarly, any abnormalities in the calcium phosphate 

metabolism, which are highly prevalent in patients undergo-

ing hemodialysis need to be investigated early in the course 

of CKD [39]. Mineral metabolism promotes vascular calcifi-

cation and stiffness, thus leading to increased pulse pressure, 

decreased coronary perfusion pressure, and LVH [39]. 

 Several studies have demonstrated an index, which could 

be used to interpret the impact of chronic kidney disease on 

the cardiovascular system in the presence of Left Ventricular 

Hypertrophy (LVH) [54]. LVH is the most frequent struc-

tural cardiac abnormality in patients with CKD and a strong 

and independent predictor of survival and CV events in di-

alysis patients [54]. Conditions such as hypertension, ane-

mia, fluid and electrolyte imbalance, as well as oxidation 

stress, inflammation, and activation of collagen and muscle 

cell growth factors may have a critical role in the develop-

ment of left ventricular hypertrophy and diastolic dysfunc-

tion [54, 55]. Various studies have shown that the prevalence 

of LVH ranges from 34% to 78%, with increasing values 

correlating with the deterioration in renal function [54, 55]. 

Dialysis patients have a 75% occurrence rate of LVH, with 

an association with poorer CV outcomes [56]. Specifically, a 

study with 455 nondiabetic hypertensive patients, free of CV 

diseases, all with e GFR > 30ml/min per 1.73 m
2
, examined 

the relationship between Left Ventricular Mass (LVM) and 

mild-moderate reduction of kidney function [56]. It was con-

cluded that there was a progressive increase of LVH preva-

lence with decreasing renal function, and an inverse associa-

tion between GFR and LVM, independent of potential con-

founders, i.e. 24-hour BP load [56]. Also, in the ARIC study, 

among African Americans with chronic kidney disease stage 

3, lower GFR and lower hemoglobin were associated with 

LVH [57]. Additionally, it has been postulated that even 

subclinical renal damage has been associated with impaired 

coronary flow reserve due to increased myocardial fibrosis 

[57]. The fibrosis is enhanced by the raised levels of fibro-

blast growth factor-23 (FGF-23), which are observed in 

CKD patients [58]. FGF-23 is a hormone secreted by os-

teoblasts and osteocytes, which helps maintain the phosphate 

homeostasis in CKD patients [59]. Myocardial fibrosis is 

detected either in post mortem analysis or by means of endo-

cardial biopsy. Hence, the early detection of LVH and LV 

dysfunction in CKD patients can yield an improvement in 

the adverse cardiovascular outcomes of CKD patients [60, 

61]. However, larger prospective randomized trials need to 

be conducted with early stages of CKD in order to assess the 

role of early aggressive treatment in this subpopulation 

group. 

6.4. Cystatin C, eGFR Equations and NT-proBNP 

 Aston et al., documented that Cystatin C and b2-

microglobulin performed better than hs-CRP for CVD pre-

diction in the entire CKD population they had examined 

[62]. They concluded that their findings are in line with an 

established approach to use eGFRCreatinine-based, eGFRCystatin-

based and ACR to identify the high-risk CKD population [62]. 

Their research suggests that cardiac-specific markers, such 

as cTnT, NT-proBNP and Cystatin C would be more useful 

to predict CVD outcomes in CKD population [62].  

 

6.5. CKD, CVD and Major Trials 

 Summarizing, CKD has been recognized as an independ-

ent CVD risk equivalent, and it is strongly recommended 

that the CKD population be considered the highest risk 

group for subsequent development of CVD [1]. Interestingly, 

mild to moderate CKD is robustly associated with increased 

cardiovascular morbidity and mortality, independently from 

classical cardiovascular risk factors, such as hypertension 

and diabetes. Novel risk factors such as inflammation, oxida-

tive stress, bone and mineral disorders; hyperphosphatemia, 

hypercalcemia, secondary hyperparathyroidism - that are 

attributed to compromised renal function-, are highly associ-

ated with elevated cardiovascular risk in patients with kidney 

disease [39]. Accounting for these various risk factors, we 

may be able to postulate that the pathophysiology involved 

in the development of CVD is common in the CKD and non-

CKD population [39]. However, renal dysfunction alone, 

through novel risk factors, plays an important role in the 

worsening of CVD. Hence, treatment should target not only 

in slowing the progression of renal disease, but in modifying 

the additional CV factors early in the course of the disease, 

as well [39]. Lifestyle modifications are known to counteract 

the development of CVD, such as decreased consumption of 

salt, glucose, protein, and free fatty acids, in addition to non-

dietary factors like, smoking cessation, regular exercise, and 

weight loss. However, adequate control of diabetes, hyper-

tension, and hyperlipidemia has been robustly investigated in 

CKD population [39]. Specifically, based on the results of 

the Action to Control Cardiovascular Risk in Diabetes (AC-

CORD) trial, it has been acknowledged that intensive gly-

cemic control is associated with higher cardiovascular and 

all-cause mortality rates compared with standard therapy 

(ACCORD). Findings from other large trials, that observed 

no reduction in cardiovascular events with intensive glyce-

mic therapy, further support the findings in ACCORD [63]. 

Papademetriou et al. hypothesized that the cardiovascular 

risk was increased by the presence of mild-to-moderate CKD 

at baseline, in addition to intensive glycemic control [64]. A 

subgroup analysis of the ACCORD data found that CKD 

patients had worse outcomes with intensive therapy, com-

pared to standard treatment, in terms of increased all-cause 

and CV mortality, by two-fold, while no significant effects 

were found on patients without CKD. This may be attribut-

able to the more frequent use of insulin and oral hypoglyce-

mic agents in CKD patients [64]. It is well established, that 

these adverse drug events are more common and more severe 

in CKD population. Additionally, in another post hoc analy-

sis of Outcome Reduction with an Initial Glargine Interven-

tion (ORIGIN) trial, there was an adverse effect of mild to 

moderate CKD on macrovascular outcomes, similar to find-

ings in the ACCORD trial [64, 65]. However, both the base-

line glycemic status and glycemic management goals in 

these trials were significantly different [64, 65].  

 Hypertension may result in cardiovascular events, which 

can deteriorate renal function, while further reduction in re-

nal function can lead to worsening hypertension, and conse-

quently contribute to a vicious cycle [39]. Optimal blood 

pressure levels for reno-protection and prevention of harmful 

cardiovascular outcomes, is believed to be at 130mmHg sys-

tolic and at 80mmHg diastolic [21]. While the common  
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rationale is to achieve well-controlled blood pressure levels 

in CKD subpopulation, only a few studies can uphold this 

assumption, such as the SPRINT Study [66]. 

 Dyslipidemia is another important risk factor for both 

CVD and CKD [39]. Several trials have examined the effects 

of different statins in the progression of CKD. Data suggest 

that not all statins have the same effect on kidney function. 

Trials involving Pravastatin showed that there was a signifi-

cant improvement in the decline of kidney function and the 

same was noted with the Heart Protection Study that exam-

ined the effects of Simvastatin in kidney function in diabetic 

and non-diabetic population [67]. Pravastatin and Simvas-

tatin did not demonstrate a significant improvement in 

eGFR, compared to atorvastatin, due to their lesser effect on 

LDL cholesterol. Atorvastatin treatment at high doses 

(80mg/day) was significantly associated with increases in 

eGFR and reductions in CVD events. Interestingly, Papade-

metriou et al., in a subgroup analysis of ACCORD popula-

tion, examined the effects of fenofibrate therapy in addition 

to statin therapy. Surprisingly, it was concluded that for pa-

tients with type 2 diabetes at high CV risk but no CKD, fen-

ofibrate therapy added to statin reduced the CV mortality 

and the rate of fatal and non-fatal CHF (Table 1) [68].  

CONCLUSION 

 Consequently, there have been several studies that exam-

ined the effects of modifying the common risk factors for 

both cardiovascular and kidney disease, through establishing 

standard as well as intensive care treatment. In particular, 

good glycemic control as well as anti-hypertensive and hy-

polipidemic therapy are the cornerstone of effective treat-

ment of both CKD and CVD. In patients with diabetes, the 

administration of sodium glucose co-transporter inhibitors-2 

(SGLT-2 inhibitors) must be emphasized, as they have been 

demonstrated to exert favorable properties in both CKD and 

CVD [69, 70]. In addition, anti-hypertensive treatment, es-

pecially with RAAS inhibitors and hypolipidemic therapy 

with statins, ezetimibe or PCSK9 inhibitors have beneficial 

results regarding both CKD and CVD [21]. Notably, anti-

platelet therapy should not be overlooked in this setting [39]. 

However, larger studies are needed for evaluating the rela-

tionship between CKD and CVD and defining CKD as a 

cardiovascular risk equivalent. Additionally, further studies 

are needed to investigate new early treatment measures to 

prevent detrimental cardiovascular outcomes. Thus, aiming 

to control novel risk factors in early stages of CKD, could 

potentially lessen the progression not only of kidney disease 

but also halt the continuity of cardiovascular events; the 

leading cause of death worldwide.  
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