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Why do young people with chronic kidney disease die early?
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Abstract
Cardiovascular disease poses the greatest risk of pre-
mature death seen among patients with chronic kidney 
disease (CKD). Up to 50% of mortality risk in the dialy-
sis population is attributable to cardiovascular disease 
and the largest relative excess mortality is observed in 
younger patients. In early CKD, occlusive thrombotic 
coronary disease is common, but those who survive to 
reach end-stage renal failure requiring dialysis are more 
prone to sudden death attributable mostly to sudden 
arrhythmic events and heart failure related to left ven-
tricular hypertrophy, coronary vascular calcification and 
electrolyte disturbances. In this review, we discuss the 
basis of the interaction of traditional risk factors for car-
diovascular disease with various pathological processes 
such as endothelial dysfunction, oxidative stress, low 
grade chronic inflammation, neurohormonal changes 
and vascular calcification and stiffness which account 
for the structural and functional cardiac changes that 
predispose to excess morbidity and mortality in young 
people with CKD. 
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Core tip: In this review, we set out to summarise cur-
rent opinion based on extensive scientific research that 
might explain the reasons for the disproportionately 
high death rate in chronic kidney disease and dialysis 
patients. The cardiovascular “phenotype” that poses 
increased risk to patients with chronic kidney disease 
(CKD) changes with progression of kidney dysfunction. 
Macrovascular disease is more important in early CKD 
whereas microvascular processes play an increasing 
role with worsening kidney disease.
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EPIDEMIOLOGY 
People with chronic kidney disease (CKD) are at higher 
mortality risk compared with the general population[1,2]. 
End-stage renal disease is associated with highest mor-
tality despite modern renal replacement therapy and 
pharmacological interventions. Mortality risk among 
individuals starting haemodialysis is greatest in the 
first 120 d, accounting for 27.5 deaths per 100 person-
years and, thereafter, the annual mortality rate is around 
20%[3,4]. Furthermore, around 9% of  deaths in the first 
3 years after commencing dialysis are in the 20-54 years 
age group[5]. Findings from the United Kingdom Renal 
Registry indicate that a person commencing dialysis aged 
25-29 years has a median life expectancy of  only 18.5 
years, 33 years less than someone in the same age group 
in the general population without CKD[6]. Similarly, 
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patients aged 65-74 years, which is the commonest age 
group starting dialysis reported in the European Renal 
registry, can expect to live 5 years, about 50% less than 
those in the same age group in the general population[5]. 

The leading cause for this observed excess morbidity 
and mortality in end-stage renal disease is cardiovascular 
disease which accounts for 40%-50% of  deaths[5,7-9]. In 
absolute terms, patients receiving dialysis have a 10-20 
fold increased risk of  cardiovascular death than do age 
and sex-matched controls in the general population. For 
younger dialysis patients, below 45 years of  age, cardiac 
mortality is even higher, exceeding 100 times. After kid-
ney transplantation, the risk is reduced but remains at 
3-5 times that in the general population[7,10].

Of  the non-cardiovascular causes of  death in ad-
vanced renal failure, infection and malignancy are most 
important, accounting for approximately 15% and 8%, 
respectively, in the first 3 years of  dialysis treatment[5,11]. 
Over this period of  time, 10% of  mortality due to in-
fection was recorded in younger adults (20-54 years age 
group) and a similar percentage was attributed to malig-
nancy. Vascular catheter-associated blood-borne infec-
tion often due to recurrent Staphylococcus aureus[12-15] 
and pneumonia[16] are the main causes. The high inci-
dence of  infections and inflammation in dialysis patients 
is related to disturbances in innate and adaptive immune 
mechanisms[17]. In particular, renal insufficiency is associ-
ated with down-regulation of  toll-like receptors leading 
to sub-optimal stimulation of  the innate immune system.

Non-adherence to haemodialysis and dietary re-
striction especially of  high potassium-containing food, 
and excessive interdialytic fluid weight gain leading to 
congestive cardiomyopathy, are all contributory risk fac-
tors of  premature death, especially in young dialysis pa-
tients[18]. The number refusing treatment or committing 
suicide is also not insignificant[5]. Treatment by peritoneal 
dialysis confers survival advantage over haemodialysis, at 
least in the first few years, before risk equalises[19,20]. Nev-
ertheless, cardiovascular disease still poses the greatest 
risk in peritoneal dialysis (PD) patients[21,22]. This patient 

group shares similar cardiovascular risk factors to hae-
modialysis patients but they typically gain more weight 
(due to the high glucose load and insulin resistance) and 
demonstrate higher levels of  chronic inflammation in 
response to exposure to non-physiological peritoneal di-
alysis fluid and episodes of  peritonitis[21]. However, rela-
tively little randomised trial data is available pertaining to 
cardiovascular risk factors/outcome in peritoneal dialysis 
patients and so much of  the discussion below relates to 
haemodialysis patients.

CARDIORENAL SYNDROME
Large population studies have indicated that all stages of  
CKD predispose to premature death from cardiovascular 
and other causes, and is not restricted to those on dialy-
sis[1]. Go and colleagues’ landmark study demonstrated 
that the age standardised mortality rate from any cause 
increased in a step-wise manner, independent of  known 
risk factors (Figure 1). Even in cases of  moderate renal 
insufficiency (eGFR 45-59 mL/min), the risk of  death 
was 8% higher per 100 person years than in the general 
population without kidney impairment. Thereafter, this 
study indicated that the risk increased exponentially with 
declining eGFR, exceeding 11 times risk in CKD stage 
4. Similarly, when considering age-standardised rate of  
cardiovascular events, there was a significant increase 
in events with progressive renal insufficiency (Figure 
2). With mild degrees of  renal impairment (eGFR > 60 
mL/min), the rate of  coronary events was 2.11 per 100 
person years greater than the general population with 
no kidney impairment, rising to 21.8 times the risk with 
CKD stage 4. 

Most striking was the adjusted hazard ratio for death 
from any cause found to be 20% greater in CKD stage 
3a and a 40% increase of  having a coronary event, rising 
to 590% and 340% at CKD stage 5, respectively (Table 1). 
This study confirmed the findings of  many longitudinal 
studies since the 1970s that had shown that patients with 
advanced CKD died from cardiovascular causes[23,24], and 
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Figure 1  All-cause mortality and its relationship to worsening chronic 
kidney disease. After Go AS 2004[1].
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Figure 2  Cardiovascular event rates according to chronic kidney disease 
stage. After Go AS 2004[1].



has been substantiated by a recent study[20]. Recognition 
that cardiovascular disease is a major threat to patients 
with CKD and, conversely, renal dysfunction is prevalent 
in patients with cardiac disease, indicating a poorer prog-
nosis, led to adoption of  the term, cardio-renal syndrome. 
Ronco et al[25] published their widely adopted classifica-
tion to highlight this crucial interaction. 

The bidirectional effect of  heart failure and kidney 
failure is a key concept in the cardiorenal syndrome[26]. In 
the context of  a failing heart due to pump failure, pres-
sor systems (the sympathetic nervous system and renin-
angiotensin-aldosterone axis) are activated to maintain 
the haemodynamic status quo[26,27]. Increased glomerular 
filtration pressure, achieved by efferent vasoconstriction 
helps to maintain glomerular filtration rate in low-output 
states, but the increased vascular resistance decreases 
kidney perfusion. Over time, this causes tubular hypoxic 
damage, renal cell apoptosis and replacement fibrosis, 
which leads to loss of  nephron mass and to progressive 
renal dysfunction. Conversely, as chronic kidney disease 
progresses, the sympathetic nervous system is overacti-
vated as a result of  renal ischaemia, raised angiotensin Ⅱ 
levels and suppression of  nitric oxide, causing hyperten-
sion, left ventricular hypertrophy and progressive left 
ventricular dilatation. Cardiac myocyte dysfunction and 
fibrosis, so-called “CKD cardiomyopathy”, is believed to 
be the predominant pathophysiological mechanism. This 
may be compounded by salt and water overload caused 
by raised angiotensin Ⅱ levels leading to elevated central 
venous pressure and organ congestion. 

TRADITIONAL AND NON-TRADITIONAL 
RISK FACTORS FOR CARDIOVASCULAR 
DISEASE
Patients with cardiovascular disease and those with CKD 
share many ‘traditional’ risk factors for atheromatous 
plaque formation, such as hypertension, dyslipidaemia, 
diabetes mellitus, obesity and smoking, but it is increas-
ingly recognised that these factors fail to account fully 

for the disproportionate increase in cardiovascular 
mortality risk in CKD compared to the general popu-
lation[8,23,24,28]. In addition, evidence based treatment 
strategies such as the use of  statins for treating hyper-
lipidaemia in type 2 diabetic patients which have reduced 
morbidity and mortality significantly[29], appear less ef-
fective in diabetic patients requiring dialysis[30]. Changes 
unique to CKD are the progressive accumulation of  
uraemic toxins, electrolyte abnormalities, metabolic aci-
dosis, sympathetic nervous system and renin angiotensin 
aldosterone system activation, and volume overload that 
result in structural and functional abnormalities of  the 
heart, termed uraemic cardiomyopathy[31]. 

Non-traditional risk factors include endothelial dys-
function, elevated plasma homocysteine, increased levels 
of  inflammatory factors and oxidative stress, abnormal 
apolipoprotein levels, enhanced coagulability, albumin-
uria, increased arterial calcification and arterial stiffness, 
anaemia, and left ventricular hypertrophy[8,23,24,32]. Wheth-
er and how these and other, as yet unidentified, factors 
contribute to morbidity and mortality is not entirely 
clear, but is the subject of  on-going research. In this re-
view, we discuss current knowledge about emerging non-
traditional risk factors and their complex interaction.

ENDOTHELIAL DYSFUNCTION
Endothelial dysfunction is considered to be one of  the 
first mechanisms involved in the development of  athero-
sclerosis[33]. In CKD, endothelial dysfunction has been 
defined by increased levels of  von Willebrand factor, 
reduced nitric oxide levels (NO) and over expression of  
inflammatory cytokines and C-reactive protein (CRP)[34]. 
An excess of  pro-inflammatory over anti-inflammatory 
cytokines has been reported in early atherosclerotic le-
sions as lipid particles accumulate[33]. Microalbuminuria, 
a marker of  early kidney disease, in both diabetic and 
non-diabetic patients, correlates with altered endothelial 
function. NO levels decline with progressive kidney dis-
ease so that reduced vasodilatory activity contributes to 
the increased risk of  developing hypertension[34]. Schif-
frin and colleagues suggested that the combination of  
impaired endothelial function, low grade inflammation, 
and dyslipidaemia may interact to promote accelerated 
atherogenesis and progressive renal disease[32]. 

In health, endothelium-derived nitric oxide is an 
important anti-atherogenic molecule. Circulating NO 
levels fall as asymmetric dimethylarginine (ADMA) lev-
els rise[34,35]. This competitive inhibitor of  nitric oxide 
synthase (NOS) also blocks the entry of  L-arginine into 
cells to reduce NO synthesis[36]. ADMA is excreted by the 
kidneys or metabolized by dimethylarginine dimethylami-
nohydrolases (DDAH) and this pathway is attractive as 
a potential modulator of  the NOS system in dialysis pa-
tients. Plasma ADMA concentrations increase with dete-
riorating kidney function, and the highest levels are found 
in dialysis patients[34]. ADMA levels are raised in elderly 
hypertensive patients and are strongly predictive of  acute 
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Table 1  Adjusted hazard ratio for death from any cause and 
cardiovascular events in 1120295 adults according to esti-
mated glomerular filtration rate

Estimated GFR (mL/min per 
1.73 m2)

Death from 
any cause

Any Cardiovascular 
event

≥ 60          1 1
45-59 1.2 (1.1-1.2) 1.4 (1.4-1.5)
30-44 1.8 (1.7-1.9) 2.0 (1.9-2.1)
15-29 3.2 (3.1-3.4) 2.8 (2.6-2.9)
< 15 5.9 (5.4-6.5) 3.4 (3.1-3.8)

Adjusted hazard ratio with 95%confidence intervals given in parentheses. 
Data adjusted for age, gender, presence or absence of prior coronary heart 
disease, prior chronic heart failure, prior ischaemic stroke or ischaemic 
attack, prior peripheral arterial disease, diabetes mellitus, hypertension, 
dyslipidaemia, cancer, liver disease, chronic lung disease. After Go et al[1], 
2004.
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coronary events and increased cardiovascular mortality 
risk in CKD[35,37-39]. 

The beneficial properties of  NO are shown in Figure 
3. Through NO inhibition, ADMA indirectly promotes 
vasoconstriction, raises blood pressure, impairs endothe-
lium-dependent relaxation, and promotes platelet adhe-
sion and aggregation and smooth muscle cell replication. 
It favours the release of  superoxide radicals, formation 
of  peroxynitrite and tyrosine nitration which cause vas-
cular endothelial damage[40]. ADMA accumulation in 
CKD promotes atherogenesis and end-organ damage 
through sustained hypertension and other mechanisms[35]. 
In CKD, left ventricular hypertrophy, which is associated 
with premature death, may be a consequence of  hyper-
tension, partly triggered through prolonged inhibition 
of  nitric oxide synthase. L-arginine supplementation 
should theoretically abrogate the effects of  ADMA, but 
not all studies have found improvements in endothelial 
function[35]. One possible explanation is that chronically 
sustained high levels of  ADMA induce irreversible vas-
cular damage. There may be other mechanisms of  action 
of  ADMA other than NOS inhibition, yet to be identi-
fied, and not influenced by L-arginine supplementation. 
In an experimental model, DDAH activity of  endothe-
lial cells was decreased by almost half  when incubated 
with oxidized LDL or TNF-α, and similar findings were 
observed in rabbits fed a high cholesterol diet[41]. These 
findings indicate that lipoproteins or cytokines may in-
crease endothelial production of  ADMA by reducing 
DDAH activity. This may be an important mechanism 
whereby local release and accumulation of  intracellular 
ADMA inhibits NOS in hyperlipidaemia. The precise 
balance of  pro and anti-inflammatory mediators present 
in the cellular milieu is likely to result in a variable overall 
effect which is directed towards or away from increased 
risk of  atherosclerosis and atherothrombosis.  

HYPERHOMOCYSTEINAEMIA
Many studies have shown an association between elevat-

ed levels of  homocysteine and increased risk of  cardio-
vascular events, stroke and peripheral vascular disease in 
the general population[42]. High levels of  homocysteine 
contribute to endothelial dysfunction, oxidative dam-
age and thrombosis[42-45]. Patients with declining kidney 
function accumulate homocysteine due to decreased 
metabolism by the kidneys[43,46]. In one study, the find-
ing of  elevated homocysteine and fibrinogen levels in 
CKD was thought to account for 38% of  the attribut-
able mortality risk, whereas individuals with CKD and 
low homocysteine levels (< 10 μmol/L) had mortality 
rates similar to those with normal renal function[43]. 
Stuhlinger et al[45] have proposed that homocysteine 
exerts its atherogenic activity by indirectly suppressing 
NO production, through inhibition of  dimethylarginine 
dimethylaminohydrolases (DDAH) that metabolise 
ADMA. Homocysteine is not obtained from the diet, 
but is synthesized from the amino acid, methionine. 
Homocysteine can be recycled back into methionine 
and deficiencies of  the vitamins folic acid, pyridoxine 
(B6), or cyanocobalamin (B12) can lead to high homo-
cysteine levels. Supplementation with these vitamins 
lowers homocysteine levels but has not been associated 
with a significant reduction in cardiovascular events[42]. 
However, fortification of  grain products with folic acid 
in the United States since 1998 has seen a decrease in 
stroke incidence which, at least in part, is thought to be 
due to lower homocysteine levels in the population[44]. A 
recent meta-analysis failed to demonstrate a significant 
decrease in the risk for cardiovascular events, stroke and 
all-cause mortality among a CKD population[47]. Hyper-
homocysteinaemia may be a marker rather than a direct 
cause of  CVD[46].  

EPIDEMIOLOGICAL LINKS BETWEEN AL-
BUMINURIA AND CARDIOVASCULAR 
EVENTS
Microalbuminuria refers to albumin excretion of  be-
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Nitric 
oxide

Dilates blood vessels
Reduces platelet 
stickiness

Reduces monocyte 
stickiness (prevents 
formation of plaque)

Reduces multiplication of 
smooth muscle cells of the 
artery wall

Reduces release of 
superoxide radicals

Reduces oxidation 
of LDL cholesterol 
(major component 
of plaque)

Figure 3  The physiological roles of nitric oxide on 
endothelial function.
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tween 30 and 300 mg in the urine over 24 h (20-200 
µg/min) that derives from a glomerular or tubular ab-
normality in primary kidney disorders, or it may reflect 
a generalised increase in vascular permeability due to 
vascular endothelial dysfunction[8]. Microalbuminuria, 
most commonly seen in diabetes mellitus and hyperten-
sion, signifies risk of  progressive renal impairment and 
predates any fall in eGFR[32].  In a prospective study over 
7 years, the degree of  microalbuminuria in diabetic pa-
tients was found to correlate strongly with cardiovascular 
events and mortality[48]. Microalbuminuria was found to 
be a stronger predictor of  cardiovascular outcomes than 
smoking, hypertension and raised serum cholesterol, 
in men who had no pre-existing cardiovascular disease. 
This was one of  many studies that confirmed the early 
findings of  Schmitz et al[49] (Figure 4). Diabetic patients 
were divided into 3 groups, entering the study with 
microalbuminuria of  less than 15 µg/min, 16-40 µg/min 
and 41-200 µg/min. At 10 years, the overall mortality 
was 58%, caused by CVD or stroke with a further 3% 
dying from end-stage renal failure. 10-year survival was 
55% and 25% in the < 15 µg/min and 41-200 µg/min 
microalbuminuria patient groups. 

In diabetic patients, the development of  microalbu-
minuria indicates microvascular disease which is associ-
ated with extracellular matrix expansion in the glomeruli 
of  the kidney[50]. The natural history results in progres-
sive glomerulosclerosis, increasing proteinuria, and 
chronic renal failure. But how does microalbuminuria, 
a marker of  diabetic nephropathy, or a slightly reduced 
eGFR predict cardiovascular events and mortality before 
there is any evidence of  overt coronary artery disease? 
Endothelial cell dysfunction seems to be the common 
pathophysiological pathway linking renal disease and 
CVD. Interplay between low-grade inflammation, el-
evated ADMA, increased circulating pro-inflammatory 
cytokines, dyslipidaemia, oxidative stress, sympathetic 
system over-activity and inappropriate activation of  the 
renin angiotensin aldosterone system, is implicated for 
generalised endothelial cell dysfunction[51]. 

Large epidemiological studies have demonstrated that 
microalbuminuria in non-diabetic individuals is also as-

sociated with coronary, peripheral and cerebral vascular 
events[52]. Here again, the premise is that microalbumin-
uria is a marker of  generalised endothelial cell dysfunc-
tion. Microalbuminuria is associated with increased trans-
capillary leakage of  albumin and increased von Willebrand 
factor and other markers of  endothelial dysfunction[50,51]. 
Inhibition of  the renin-angiotensin-aldosterone system 
with either angiotensin converting enzyme inhibitors 
(ACE-I) or angiotensin receptor antagonists (AT1 recep-
tor antagonists) can reduce albuminuria in both diabetic 
and non-diabetic individuals, to slow down the progres-
sion of  renal disease and provide cardioprotection[53]. The 
underlying pathophysiology relates to the ability of  ACE-I 
and AT1 receptor blockers to lower intra-glomerular cap-
illary pressure by decreasing efferent arteriolar pressure 
and the reduction in transglomerular pressure decreases 
albuminuria. These drug classes have reduced progression 
of  diabetic renal disease by reversing microalbuminuria 
to normoalbuminuria. Further long-term epidemiological 
studies are necessary to define its extent and enduring im-
pact. The heart outcomes and prevention evaluation study 
(HOPE) is one of  many studies showing that the ACE 
inhibitors reduce the progression of  albuminuria and, at 
the same time, are effective in decreasing cardiovascular 
mortality in both diabetic and non-diabetic patients with 
normal blood pressure[54]. The Irbesartan Diabetic Ne-
phropathy Trial demonstrated concomitant reductions in 
urinary protein excretion and cardiovascular endpoints in 
hypertensive type 2 diabetic participants[55].

Proteinuria is widely accepted as an independent risk 
factor for cardiovascular morbidity and mortality. Mi-
croalbuminuria progressing to overt proteinuria confers 
increasing cardiovascular mortality risk and concomitant 
CKD is associated with worsening cardiovascular and 
all-cause mortality, acting as risk multipliers across the 
CKD continuum[1,56,57]. Only a minority of  the stage 3-5 
CKD population progress to end-stage dialysis-requiring 
disease, most succumbing to premature cardiovascular 
death. Proteinuria surpasses blood pressure and cho-
lesterol as a predictor of  adverse clinical outcome[58]. 
Furthermore, the same group reported that the risk of  
acute myocardial infarction in subjects with CKD and 
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Figure 4  Microalbuminuria as a risk factor for 
death in type 2 diabetes. Reproduced from Schmitz 
et al[49], 1988.
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proteinuria was similar to or exceeded the cardiovascular 
risk associated with diabetes mellitus[59]. The PREVEND 
study found a significant independent association be-
tween microalbuminuria and myocardial ischaemia 
found on ECG[60]. Microalbuminuria is accompanied by 
raised inflammatory markers such as CRP and a fall in 
adiponectin levels[61]. Endothelial dysfunction has been 
implicated in the aetiopathology linking proteinuria with 
ADMA[62]. Since the detection of  subclinical athero-
sclerosis is difficult and approximately 50% of  cardiac 
events arise from the rupture of  a vulnerable plaque in 
non-occlusive coronary disease, it may be that microal-
buminuria associated with endothelial dysfunction is also 
acting as a marker of  subclinical atherosclerosis. In this 
respect, studies have demonstrated that microalbumin-
uria independently predicts an increased carotid artery 
intima-media thickness which is a marker of  subclinical 
atherosclerosis[63]. 

INFLAMMATION, DYSLIPIDAEMIA, AD-
VANCED GLYCATION END-PRODUCTS 
AND OXIDATIVE STRESS
Systemic inflammation is fundamental to the develop-
ment of  atherosclerosis[33,64]. Inflammatory markers in-
cluding CRP, fibrinogen, soluble adhesion molecules and 
pro-inflammatory cytokines correlate with the future 
development of  CVD and risk of  sudden death in the 
general population[65].

Progressive renal insufficiency is characterised by a 
chronic inflammatory state represented by higher con-
centrations of  CRP, interleukin-6 (IL-6), tumour necro-
sis factor a (TNF-a) and fibrinogen, and with lower 
levels of  albumin[66]. But disorders commonly associated 
with CKD such as diabetes and hypertension exhibit 
low grade inflammation long before there is evidence 
of  renal damage, and in the absence of  any discernable 
reduction in serum albumin concentration. Irrespective 
of  the mechanisms that trigger inflammation, there is 
no doubt that chronic inflammation induces vascular 
injury, initiating accelerated atherosclerosis[64], which is 
more pronounced in the younger patient with CKD. The 
causes of  inflammation in renal disease can be partly 
attributed to reduced clearance of  pro-inflammatory 
cytokines such as IL-6 and TNF-a, to the production 
of  reactive oxygen species and the contribution of  co-
morbid conditions such as diabetes mellitus and heart 
failure[23,32,67]. Accumulation of  advanced glycation end-
products (AGE), normally cleared by the kidneys, may 
be important in the generalised chronic inflammatory 
process[68,69]. It has been established that AGEs are natu-
rally formed in all tissues as part of  ageing but at an 
increased rate in certain pathological processes such as 
diabetes and CKD[69]. Studies have demonstrated that up 
to 50% of  patients with CKD have raised serum levels 
of  CRP, fibrinogen, IL-1, IL-6, TNF-a, D-dimer and 
the soluble adhesion molecules E-selectin, VCAM-1 and 

ICAM-1[32,33], and research is focussed on the mecha-
nisms of  interaction that promote oxidative stress and 
atherosclerosis[64].

Correlation between raised serum CRP levels and 
future cardiovascular events in the general population is 
strong[65], but the association is more robust in CKD, in 
which it also closely predicts progression of  kidney dis-
ease[67,70]. In a prospective study involving over 1000 di-
alysis patients with a median follow up of  2.5 years, 22% 
of  patients died due to sudden cardiac death[71]. The 
highest third of  high sensitivity CRP and IL-6 levels had 
twice the risk of  sudden cardiac death. Moreover, those 
with a reduced serum albumin level had a 35% increased 
risk of  suffering sudden cardiac death. IL-6 acts as a ma-
jor stimulus for release of  CRP by the liver. Ramkumar 
et al[72] identified increased production of  IL-6 by intra-
abdominal adipocytes, which provides a possible link 
between obesity and increased inflammation in CKD. In 
haemodialysis patients, other factors stimulating inflam-
mation include repeated exposure to bio-incompatible 
dialysis membranes, exposure to foreign materials such 
as dialysis catheters and infection[23,32]. Infection in this 
group of  patients is often subclinical being related to the 
presence of  polytetrafluoroethylene (PTFE) central ve-
nous haemodialysis and peritoneal dialysis catheters. 

Hyperfibrinogenaemia is observed with declining re-
nal function and raised levels of  this acute phase protein 
parallel those of  other inflammatory markers. Hyperfi-
brinogenaemia predisposes to coronary thrombosis[72,73]. 
However, there is some uncertainty in defining the ex-
tent to which this factor contributes to overall mortality 
because fibrinogen is closely linked with other factors, 
such as dyslipidaemia[8]. 

Dyslipidaemia in CKD is a major factor in the inflam-
matory response and to atherosclerosis[74]. In health, high-
density lipoprotein (HDL) cholesterol acts as an anti-
atherogenic molecule in a number of  ways. It reverses 
cholesterol transport, and has anti-thrombotic, anti-
inflammatory and anti-oxidant properties, reducing oxi-
dised LDL cholesterol[32,74]. It also promotes endothelial 
repair by decreasing the expression of  adhesion molecules 
by vascular endothelial cells induced by cytokines[74]. HDL 
levels fall progressively as renal function declines, and the 
HDL cholesterol that is produced is dysfunctional. Figure 
5 depicts the maturation of  HDL and the protective effect 
of  the apolipoprotein-A (apoA-I). In renal failure, apoA-I, 
synthesized by the liver, decreases so HDL cholesterol lev-
els fall[32,74]. ApoA-I acts via ABCG1 taking up cholesterol 
from macrophages. The enzyme, lecithin-cholesterol acyl-
transferase (LCAT) esterifies cholesterol in the maturation 
of  HDL cholesterol. The resulting HDL3 isoform and, to 
a lesser extent HDL2, are rich in anti-oxidative enzymes 
including paraoxonase 1 (PON 1). With progressive renal 
dysfunction, there is decreased LCAT activity and conse-
quently less HDL. ApoA-I that normally comprises half  
of  the proteins in HDL is replaced by serum amyloid A. 
This form of  HDL cholesterol has a reduced ability to 
counteract the effects of  oxidised LDL[75] and decreased 
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capacity to protect against cytokine action on vascular 
endothelium. Vaziri et al[76] showed that an apolipoprotein 
A-I mimetic peptide could reduce the effect of  oxidised 
LDL on cultured aortic endothelial cells to produce the 
cytokine monocyte chemoattractant protein 1 (MCP-1), 
which may ultimately provide a therapeutic pathway to 
overcome dysfunctional HDL present in CKD (Figure 5).

Higher levels of  LDL cholesterol and triglycerides 
are found with declining kidney function[8]. The impact 
on coronary artery disease is significantly greater than 
in the general population without renal impairment[8,74]. 
Accumulation of  small dense atherogenic LDL choles-
terol activates the renin-angiotensin-aldosterone system 
and also up-regulates the angiotensin type 1 receptor 
(AT1). This increases the burden of  oxidative stress and 
inflammation leading to endothelial dysfunction and ath-
erosclerosis[32,33,75]. Not only does angiotensin Ⅱ cause 
hypertension (directly linked to atherosclerosis) but also 
activates vascular NADPH oxidase which induces su-
peroxide anion generation (O2

-). The superoxide anion 
inactivates nitric oxide which causes increased smooth 
muscle hypertrophy and proliferation, leading to hyper-
tension and atherosclerosis[75]. 

Myeloperoxidase (MPO) is an enzyme present in leu-
cocytes, particularly neutrophils, monocytes and tissue 
macrophages, which may play an important role in vas-
cular injury and atherosclerosis in patients with advanced 
kidney disease[32]. Figure 5 shows how MPO promotes 
tyrosine peroxidation of  LDL cholesterol. Leucocytes, 
which are activated in acute and chronic inflammation, 
secrete MPO into the blood which binds to vascular en-
dothelium where it interferes with nitric oxide[74]. 

Lipoprotein a [Lp(a)] is a potent risk factor for CVD 
and serum levels increase progressively with declining 
renal function[8]. Lp(a) concentrations are highest in pro-
teinuric states and fall after kidney transplantation. 

Inflammation is a key component in the malnutrition-
inflammation-atherosclerosis syndrome, observed across 

the spectrum of  CKD, especially in young adults and 
is associated with substantial mortality[77]. Systemic in-
flammation, low serum HDL cholesterol and activation 
of  angiotensin Ⅱ provide the rationale for use of  anti-
inflammatory agents such as aspirin, statins, angiotensin-
converting enzyme inhibitors, angiotensin Ⅱ receptor 
blocking agents and antioxidants in combating endothe-
lial dysfunction and atheroma[33,67,75]. 

SYMPATHETIC NERVOUS SYSTEM OVER-
ACTIVITY, ANAEMIA AND LEFT VEN-
TRICULAR HYPERTROPHY
Sympathetic nervous system over-activity in CKD is del-
eterious and results from renal ischaemia, raised angio-
tensin Ⅱ levels, and suppression of  nitric oxide, causing 
hypertension, left ventricular hypertrophy and eventually 
left ventricular dilatation[24]. The prevalence of  LVH was 
found to be 31% in those with GFR 25-49 mL/min and 
45% in those with GFR < 25 mL/min[78]. There is evi-
dence from epidemiological studies such as Framingham 
that LVH is independently associated with increased 
risk of  fatal and non-fatal cardiovascular events[79]. ACE 
inhibitors and angiotensin Ⅱ receptor antagonists have 
been widely used to overcome sympathetic overdrive 
and to inhibit the renin angiotensin aldosterone system. 
However, a recent meta-analysis has demonstrated that 
although pharmacological intervention reduces LV mass 
it has no significant impact on reducing the risk of  fatal 
and non-fatal cardiovascular events[80]. 

In the general population, LV dilatation and heart 
failure are generally the end result of  end-organ damage 
sustained as a consequence of  chronic hypertension and 
coronary atheroma. Although there is a higher preva-
lence of  these conditions in young adult patients with 
CKD, cardiac myocyte death is accelerated by increased 
oxidative stress and anaemia[7,67,81]. Cardiac failure leads 
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to premature death (Figure 6)[81].      
Anaemia appears in CKD stage 3 or 4 when eryth-

ropoietin production by the kidney diminishes[23]. If  left 
untreated, the pathophysiological response is increased 
cardiac output, cardiomegaly, left ventricular structural 
abnormalities and, ultimately, congestive heart failure[24]. 
Correction of  anaemia in CKD with erythropoietin 
results in regression of  LVH and improved survival[23]. 
Timely intervention with iron and erythropoietin supple-
mentation is important. 

VASCULAR CALCIFICATION AND ARTE-
RIAL STIFFNESS
Declining kidney function is associated with alterations in 
calcium and phosphorus metabolism that result in mineral 
bone disease (renal osteodystrophy), characterised by soft 
tissue and vascular calcification[82,83]. Secondary hyperpara-
thyroidism, the physiological response aimed at correct-
ing hyperphosphatemia by promoting phosphaturia, and 
vitamin D deficiency are both associated inflammation, 
vascular risk and cardiovascular mortality[83]. The situation 
is more complex with the discovery of  fibroblast growth 
factor 23 (FGF-23) which is secreted by osteocytes. It acts 
as a phosphaturic hormone, inhibits production and se-
cretion of  parathyroid hormone, and reduces 1,25 vitamin 
D synthesis by interfering with vitamin D metabolism 
(Figure 7)[82]. α-Klotho is a hormone synthesised by the 
kidneys which seems to be essential for normal physi-
ological functioning of  FGF-23[84]. It is phosphaturic and 
may also have antioxidant and vasoprotective activity. As 
kidney function deteriorates, FGF-23 concentrations rise 
and early evidence indicates a strong association with left 
ventricular hypertrophy, independent of  α-Klotho[85,86].

Coronary artery calcification is known to be impor-
tant in the formation of  atherosclerotic plaque[87]. Vascu-
lar calcification can take two forms, involving the tunica 
intima and media[82]. While it is not clear whether they 
follow a common pathogenesis, both are stimulated by 

CKD. Intimal calcifications develop in more than 80% 
of  atherosclerotic plaques that occlude the vessel lumen 
causing ischaemia and myocardial necrosis[88]. Calcifica-
tion of  the tunica media involves smooth muscle cells 
and the elastic lamina[82,88,89], and is prevalent in more 
than 40% of  patients with CKD stage 3B, who have 
accelerated coronary artery calcification[89]. Diabetic pa-
tients are particularly prone to calcific atheroma[32,67,89]. 
Calcification of  the tunica media increases vascular ri-
gidity and decreases compliance. Systolic hypertension 
occurs contributing to LVH. Increasing vascular calcifi-
cation and stiffness, particularly of  the aorta, measured 
by pulse-wave velocity has been shown to predict cardio-
vascular mortality in CKD patients[90,91].

Current theory suggests that tunica media calcifica-
tion is an inflammatory process transforming vascular 
smooth muscle cells into osteoblast-like cells that ex-
press phosphorus transporter Pit-1 which concentrates 
calcium and phosphorus in an extracellular matrix that 
ultimately mineralises[87,92]. Vascular calcification is a 
complex process dependent upon the balance between 
promoters and inhibitors of  calcification summarized in 
Table 2[87]. For example, a high calcium-phosphate prod-
uct, raised parathyroid hormone levels and bone mor-
phogenetic protein 2 (BMP-2) are pro calcific, whereas 
inhibitory factors include Fetuin-A, BMP-7, osteopontin, 
pyrophosphate and osteoprotegerin (OPG)[87,92].

Fetuin-A, produced by the liver, is a negative acute 
phase protein, its levels falling with rising CRP. Con-
versely, as CRP levels fall, fetuin-A levels may rise. This 
provides a link between inflammation and vascular cal-
cification[93]. Matrix-Gla protein inhibits calcification of  
vascular smooth muscle and a negative correlation has 
been found with coronary artery calcification[32]. Osteo-
protegerin regulates osteoclast activity and its deficiency 
has been associated with vascular calcification[82,87]. Oste-
oprotegerin deficiency is associated with increased mor-
tality in dialysis patients[94]. Leptin is normally associated 
with nutritional state and satiety, but in the context of  
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renal failure, in which its levels are increased, it promotes 
calcification[87]. 

SUDDEN CARDIAC DEATH AND DIALYSIS
Dialysis patients have a 10-20 times increased risk of  car-
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Table 2  Promoters and inhibitors of vascular calcification

Promoters of vascular calcification Inhibitors of vascular calcification
Traditional factors Circulating inhibitors
Older age, male gender, hypertension, diabetes, smoking, high LDL cholesterol, low HDL 
cholesterol, genetic predisposition 

Fetuin-A, bone morphogenetic protein-7, parathyroid 
hormone-related peptide, HDL cholesterol, magnesium, 

Uraemia-related factors
Uraemia, hyperphosphatemia, Locally acting inhibitors
increased Ca x P product, exogenous vitamin D therapy, elevated parathyroid hormone level, 
duration of dialysis, calcium load and hypercalcaemia, chronic inflammation, warfarin, elevat-
ed leptin levels

Matrix Gla protein, α-klotho, osteopontin, pyrophos-
phate, osteoprotegerin,  genetic predisposition

Adapted from Qunibi[87], 2005. HDL: High-density lipoprotein.
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diovascular death than do age and sex-matched controls 
in the general population[5,7-9], with the largest relative ex-
cess mortality seen in younger patients on dialysis. Sud-
den, unexpected death accounts for 25% of  mortality on 
haemodialysis[95,96]. In most cases, acute coronary occlu-
sion (the end-product of  “accelerated atherosclerosis”), 
which was previously implicated[7], is not the underlying 
pathology. Instead, sudden cardiac death is explained 
by the composite effects of  left ventricular hypertrophy 
caused by long-standing hypertension, left ventricular 
dilatation attributed to volume overload, chronic inflam-
mation, over activation of  the renin angiotensin aldo-
sterone pathway, and increased propensity to ventricular 
dysrhythmias caused by electrolyte abnormalities[95-97]. 

The structural and functional abnormalities that occur 
through the interaction of  numerous factors presented in 
this review, gives rise to stiff  and non-compliant vascula-
ture which has to negotiate myocardial ischaemia imposed 
by repeated haemodynamic stresses of  haemodialysis ther-
apy. Echocardiographic evaluation and positron emission 
tomography have shown that repeated haemodialysis ad-
versely affects cardiac perfusion caused by transient myo-
cardial stunning, but over time this leads to fixed regional 
myocardial wall abnormalities and fibrosis, culminating 
in heart failure and death[98,99]. In a recent pilot study, our 
group have demonstrated a possible relationship between 
endothelial dysfunction and the development of  LVH in 
non-dialysis CKD patients[100]. The CRASH-ILR study is 
currently underway which is prospectively using implant-
able loop recorders in patients on haemodialysis to ascer-
tain the frequency of  cardiac arrhythmia. In an interim 
analysis of  18 patients monitored for 124 to 512 h there 
were 3 significant cardiac events including 1 bradyar-
rhythmia requiring pacing, 1 sudden cardiac death due to 
ventricular fibrillation and one onset of  atrial tachycardia 
requiring anti-arrhythmic drug therapy. The final results 
of  this study are awaited[101].

CONCLUSION
Cardiovascular disease is the most important cause for 
the high morbidity and mortality seen in patients with 
chronic kidney disease, especially younger people. Tradi-
tional risk factors play a major role, but coronary heart 
disease is somewhat different in CKD patients with in-
creased contribution made by oxidative stress, low grade 
chronic inflammation and vascular calcification. The 
interaction of  many of  these pathophysiological pro-
cesses is, if  not unique to, most marked in CKD. Hae-
modialysis imparts the greatest mortality risk because 
of  the challenges imposed on the heart by the repeated 
haemodynamic stresses that accelerate development of  
heart failure and dilated cardiomyopathy. Limited benefit 
of  standard pharmacological interventions in the dialysis 
population emphasises the different pathophysiology 
which has evolved. The complexities of  the associa-
tion between chronic kidney disease and cardiovascular 
events are summarised in Figure 8. A better appreciation 

of  the interplay and relative contribution of  the various 
mechanisms discussed, along with new pathogenetic 
mechanisms yet to be discovered over the next few 
years, will enable new therapies to be developed. This 
will, hopefully, curb the excessive morbidity and mortal-
ity which seems to be particularly pronounced in young 
dialysis patients. Data from implantable loop recorders 
may give further insights to the precise events which re-
sult in sudden cardiac death and allow development of  
strategies to predict risk and reduce events. 
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