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Abstract
The pathogenesis of cardiovascular disease in CKD differs subtly from that of non-CKD 
patients. As renal function declines, the role and impact of treating classical risk factors may 
change and diminish. However, hypertension, hypercholesterolaemia and smoking cessation 
management should be optimized and may require multiple agents and approaches, 
particularly as CKD advances. Hypertension treatment would appear to be one management 
area in which performance is less than ideal. Moreover there are mechanisms and risk factors 
that are specific to CKD, capable of triggering a vascular pathology and that justify the surplus 
of CV morbidity in CKD patients and that require we consider CKD as a CV risk factor per se. In 
the initial stages of CKD it would be advisable to implement all the preventative measures to 
stem the onset of CV disease, whereas in the more advanced stages a multifactorial approach 
is likely to be necessary, as we have learned from the STENO-study within the diabetes. 

Introduction

In 1836  Richard Bright was the first to describe the association between CKD and 
cardiovascular diseases. However, only recently has it been understood that cardiovascular 
events are the major cause of death in Chronic Kidney Disease (CKD). Individuals with 
CKD have a substantially greater risk of cardiovascular disease compared with the general 
population but they have largely been excluded from clinical trials. Between the heart and the 
kidney there is a complex bi-directional relationship where damage to one of the two organs 
leads to the dysfunction of the other in a sort of vicious circle, which ultimately determines 
the amplification of the damage in both organs.  
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The epidemiology of cardiovascular risk in CKD

Chronic Kidney Disease affects a significant quota of the population and is characterized 
by progression towards terminal uremia, with the need for replacement treatment by 
means of dialysis or transplantation. In 2004 the work of Keith, who followed a population 
of patients with CKD for several years, showed that CKD patients had a higher likelihood 
of death, above all for cardiovascular causes (CV), rather than reaching the final phase of 
the disease with the need for dialysis [1].   Many studies both in the general population [2] 
and in patient cohorts [3, 4] agree in reporting this association between renal dysfunction 
and excessive mortality for all the causes and in particular for excess of CV morbidity. The 
increased risk goes hand in hand with the progressive decline in renal function. Two recent 
meta-analyses that have taken into consideration as CKD expression the simultaneous 
presence of albuminuria, and the reduction of the glomerular filtration rate (GFR),  have 
considered the relationship between renal damage and CV risk in over 30 cohorts for a 
total of around 1,400,000 subjects [5, 6]. After adjusting for the traditional CV risk factors 
and for albuminuria, they demonstrated that the CV mortality increases in a linear way 
as GFR is reduced, starting from values lower than 75 ml/min [5, 6].  As compared with 
normal subjects, the patients with stage 3 CKD double their CV mortality risk, while patients 
with stage 4 CKD have a risk three times greater. While for the glomerular filtrate there is 
a threshold value (75-60 ml/min) that discriminates the risk, the association between CV 
risk and microalbuminuria  has a linear trend. Even values of albumin to creatinine ratio at 
the upper limits of the norm (30 mg/g) involve an increase in CV mortality [5, 6] and thus 
modest increases in microalbuminuria warrant further clinical analysis. Moreover, the fact 
that there might be a continuum between microalbuminuria and the risk of presenting CV 
events had already been evidenced in the general population in the PREVEND study [7]. 
Thus, increased levels of urinary albumin excretion confer an increased CVD risk across all 
ranges of GFR, regardless of how urine albumin excretion is assessed.

The presence of CKD is associated with a broad spectrum of cardiovascular diseases such 
as  stroke [8], peripheral arteriopathy [9] and atrial fibrillation [10], but above all coronary 
disease  [11, 12] and cardiac insufficiency [13]. Also, the presence of CKD complicates and 
worsens the prognosis of patients with acute myocardial infarction  [14]  with the need for 
coronary revascularization [15].

Diabetes and arterial hypertension are the main causes that lead to CKD, but also 
represent per se  a risk factor for CV diseases. For a long time it was thought that the surplus 
of CV risk observed in patients with CKD was the result of these two underlying pathologies. 
Contrariwise, two further recent meta-analyses of the Chronic Kidney Disease Prognosis 
Consortium [16, 17] clearly show that the reduction in GFR and albuminuria are already CV 
risk factors per se, irrespective of the presence of hypertension and diabetes. Also, Tonelli 
et al [12], examining a large dataset that included subjects of the Alberta Kidney Disease  
Network without previous Myocardial Infarction (MI)  has shown that the presence of CKD 
without diabetes confers a greater risk of MI than diabetes alone [12] and thus also CKD can 
be considered as an equivalent and independent coronary risk factor. The Authors conclude 
that CKD could be added to the list of criteria defining people at the highest risk of future 
coronary events [12].

Risk factors and pathogenetic mechanisms

Even if the risk factors and the pathophysiological mechanisms that bind CKD to CV 
disease are not yet wholly understood, and the weight that each one can have in the various 
CKD stages is not clear, some general considerations can nonetheless be formulated to 
account for the  surplus of CV morbidity and mortality observed in CKD patients:
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a)	 CKD often coexists with other traditional CV risk factors, such as dyslipidaemia, 
smoking, obesity, hypertension and diabetes.

b)	 In the initial stages of CKD, renal dysfunction could simply reflect a subclinical 
vascular damage that has not yet appeared in other target-organs. 

c)	 CKD patients are very often undertreated with drugs of proven efficacy in 
reducing CV risk. 

d)	 It is possible that the therapies that have resulted to be effective in the general 
population or in other settings are not as effective in the course of CKD. 

Framingham’s traditional cardiovascular risk factors are highly represented in patients 
with CKD, but alone they are not sufficient to justify the excess CV morbidity [18] and the 
reduced life expectancy. Alongside age, hypertension, diabetes, obesity and dyslipidaemia, 
we find non-traditional factors (endothelial dysfunction tied with an excess of inducers 
of inflammation/oxidation, anaemia, alterations of mineral metabolism and vascular 
calcifications, hyperactivity of the sympathetic system) and factors closely related to renal 
insufficiency strictly speaking (volume expansion, new uremic toxins).  The latter seem to 
have a pre-eminent role in the more advanced phases of CKD. It is likely that traditional and 
non-traditional factors do not act separately, but that there exists a continuous interplay 
and that the prevalence of one upon the other may vary depending on the disease stage and 
the age of the patients. Traditional and non-traditional risk factors may negatively act in 
conditioning either vascular damage or heart muscle damage (Figure 1).

Fig. 1. Pathogenesis 
of vascular and myo-
cardial damage in CKD 
patients (IHD Ischemic 
heart disease, PVD pe-
ripheral vascular dis-
ease).

Conclusions 

Many epidemiological studies above all in these past few years have confirmed the 
association between CV diseases and CKD, but above all they have allowed us to establish 
that the bond between the two pathologies is not solely due to the fact that many risk factors 
(smoke, obesity, hypertension, dyslipidaemia and diabetes) are in common or simply reflects 
a longer duration or severity of traditional CVD risk factors. There is evidence to support 
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both blood pressure and cholesterol reduction in the CKD population. However, there 
are mechanisms and risk factors that are specific to CKD, capable of triggering a vascular 
pathology and that justify the surplus of CV morbidity in CKD patients and that require 
we consider CKD as a CV risk factor per se. Despite this understanding, the CV diseases in 
CKD patients are often inadequately investigated and end up being underestimated. The 
risk of bleeding with antiplatelet drugs is high in CKD and these should be used with due 
caution. Although there has been recent interest in targeting non-classical cardiovascular 
risk factors in CKD, few trials have demonstrated any significant reduction in cardiovascular 
risk. Smoking cessation remains important but is poorly studied in CKD with many dialysis 
patients still smoking. Future work should focus on new management strategies and drug 
combinations that tackle the classical risk factors as well as better designed longitudinal and 
randomized controlled trials aimed at non-classical risk factors. Patients with CKD should 
be included in all cardiovascular intervention studies, given their poor outcomes without 
interventions.
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