
Cardiovascular disease (CVD) is one of
the leading causes of mortality and mor-
bidity in the western world. Epidemio-
logical studies have identified important
physiological and lifestyle risk factors for
CVD (Table 1)1. More encouragingly,
evidence from a number of randomised
controlled trials and meta-analyses has
now demonstrated that this disease may
largely be prevented (at least in the gen-
eral population) by lifestyle modification
and drug treatment of risk factors2.
However, cardiovascular risk manage-
ment remains suboptimal, particularly 
in populations with certain chronic
metabolic disorders such as chronic renal
failure (CRF).

Chronic renal failure and
cardiovascular disease

With modern nephrological manage-
ment, the survival of patients with CRF

has been greatly improved. Patients now
survive their renal disease only to die
prematurely of the complications of ath-
erosclerosis, the most frequent cause of
death in patients with end-stage renal
disease3. Cardiovascular morbidity and
mortality are both several-fold higher 
in patients with CRF than among the
general population: for example, cardiac
mortality in the USA for dialysis patients
younger than 45 years is over 100 times
that in the general population. Many –
but not all – studies have demonstrated
that even mild renal insufficiency is an
independent risk factor for CVD4,5.
Unfortunately, to date there have been
no large-scale studies demonstrating that
intervention can reduce the high cardio-
vascular risk in renal patients. However,
it seems likely that cardiovascular risk
factors present the same health hazards
to patients with CRF as they do to the
general population, and therefore that
intervention to modify the risks will be
beneficial.

Several mechanisms may explain the
association between renal disease and
CVD. Atherosclerosis will affect the main
renal arteries in parallel with arteries else-
where in the body, limiting blood flow and
resulting in ischaemic damage. It is plau-
sible that the same risk factors may
promote intrarenal vascular disease,
directly damaging glomeruli and tubules.
It has also become apparent that glomeru-
losclerosis and atherosclerosis share a
common pathophysiological aetiology6.
Both processes are known to result from
endothelial injury, macrophage infiltra-
tion, hyperlipoproteinaemia and
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hypertension (Fig 1). It is therefore not
surprising that many of the factors known
to accelerate atherosclerosis have also been
implicated in the aetiology of CRF. In
addition, it is probable that the uraemic
environment is directly injurious to the
cardiovascular system.

Risk factor modification

Progression of CRF can be inexorable
once a critical reduction in renal mass
has occurred7. There are currently few
effective treatments for specific renal
diseases, so nephrologists have concen-
trated on developing therapies aimed at
modifying the common pathway leading
to glomerulosclerosis8. Fortuitously,
because of the shared aetiological factors,
it is now apparent that therapies aimed at
slowing progression of CRF may also
retard the development of CVD, and vice
versa (Table 1).

Hypertension

Effective treatment of hypertension slows
the rate of progression of CRF8, just as it
has been conclusively shown to reduce
cardiovascular death rates. Of note,
angiotensin-converting enzyme (ACE)
inhibitors convey benefit over and above
that achieved by blood pressure lowering
alone in both diabetic and non-diabetic

renal disease9,10. This additional benefit
may result from the unique action of
ACE inhibitors on glomerular haemody-
namics such that they cause a greater
reduction in glomerular hypertension
than might be expected by their systemic
antihypertensive action. Non-haemody-
namic benefits of ACE inhibitors, for
example limiting cell proliferation and
macrophage activation, and reducing the
production of pro-fibrotic cytokines and
extracellular matrix, may also contribute
to their beneficial effect on CRF
progression.

These benefits echo the substantial
benefits reported with these agents on
the evolution of CVD11 and provide a
rationale for the use of ACE inhibitors as
the single most important intervention
in patients with CRF. Whether angio-
tensin II receptor antagonists will be
equally beneficial awaits further study,
although early studies with this class of
agents have been encouraging12.

Dyslipidaemia

Dyslipidaemia due to disturbances in
plasma lipoprotein metabolism is
frequently detected in patients with CRF.
It develops during the asymptomatic
stages of renal insufficiency, becoming
more pronounced as renal failure
advances13. Data from epidemiological

and observational clinical studies have
now established beyond doubt a causal
association between hyperlipidaemia
and the development of CVD in the
general population.

Treatment with 3-hydroxy-3-methyl-
glutaryl coenzyme A (HMG-CoA)
reductase inhibitors reduces the risk of
myocardial infarction and cardiovascular
mortality in hypercholesterolaemic
patients2. It is highly likely that lipo-
protein abnormalities contribute to the
accelerated atherosclerotic process, and
consequently to the high prevalence of
CVD observed in individuals with CRF.
Although it is now clear that HMG-CoA
reductase inhibitors can effectively and
safely improve lipid profiles in this group
of patients, to date most of the major
outcome trials have deliberately excluded
patients with renal disease. Thus, the
beneficial effects of therapy on CVD in
renal patients must remain speculative
until the results of ongoing studies in this
group of patients are reported.

For almost 100 years it has been
suggested that hyperlipidaemia might
contribute to the progression of renal
injury. More recently, several plausible
mechanisms have been put forward7.
Support for this hypothesis has been 
provided mainly by a number of
experimental studies using animal
models of renal disease. In these models,
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Risk factor Cardiovascular disease Progressive renal failure

Hypertension Strong epidemiological evidence Strong epidemiological evidence
Intervention studies show benefit in humans Intervention studies show benefit in humans
Added benefit from ACE inhibitors Added benefit from ACE inhibitors

Hyperlipidaemia Strong epidemiological evidence Some epidemiological evidence
Intervention studies show benefit in humans No intervention studies in humans

Supportive intervention studies in animals

Smoking Strong epidemiological evidence Some epidemiological evidence
Intervention studies show benefit in humans No intervention studies

Lack of exercise Strong epidemiological evidence Supportive intervention studies in animals

Obesity Strong epidemiological evidence No evidence

Inflammatory markers Some epidemiological evidence No evidence, but plausible hypothesis

Excess homocysteine Some epidemiological evidence Some epidemiological evidence

Anaemia Some epidemiological evidence No evidence
Intervention studies show potential benefit in humans

ACE = angiotensin-converting enzyme.

Table 1. Modifiable risk factors for cardiovascular disease and progressive renal failure (indicating the level of supporting evidence for
the risk factor in each setting).



diet-induced hypercholesterolaemia
worsens renal injury, while it is
ameliorated by cholesterol lowering
medications.

The evidence from human disease
that treatment of hyperlipidaemia
reduces progression of CRF is less con-
clusive. Epidemiological data suggest a
role for hyperlipidaemia in the progres-
sion of diabetic nephropathy. Several
small controlled trials have recently
reported the effects of cholesterol
reduction on progression in humans,
but they were of insufficient power to
demonstrate any benefit. A recent
meta-analysis has shown that pharma-
cological lipid reduction may preserve
glomerular filtration rate and decrease
proteinuria in patients with renal
disease. This study also suggested that
lipid lowering agents might provide a
benefit on progression of renal failure
comparable with that observed with
ACE inhibitors14.

The exact mechanism by which lipid
lowering may protect against the
development of glomerulosclerosis is not
known, but mesangial cells and vascular
smooth muscle cells share common
properties. Analogous to its role in
atherosclerosis, low-density lipoprotein
promotes mesangial cell proliferation
and stimulates fibronectin and chemo-
attractant production. In glomerulo-
sclerosis, this response would promote
setting up a vicious circle in which the
worsening renal disease then worsens the
hyperlipidaemia. Reduction of lipid
levels may also result in beneficial
haemodynamic changes, with lowering
of peripheral vascular resistance,
increase in cardiac output and improve-
ment of endothelial function. It remains
unclear whether such effects are specific
to the action of HMG-CoA reductase
inhibitors, with which the majority of
studies have been performed, or are due
to the cholesterol lowering per se.

Smoking

The adverse cardiovascular health effects
of smoking are widely known, but the
addictive property of nicotine in tobacco
smoke has resulted in an almost complete
lack of change in the prevalence of
smoking in recent years. More recently, it
has been argued that the kidney is also an
important target organ of smoking-
induced damage, although not all studies
support this theory. Smoking has been
identified as a risk factor for the develop-
ment of microalbuminuria in both Type 1
and Type 2 diabetes. In addition, the risk
of progression in polycystic kidney
disease and immunoglobulin A
nephropathy appears to be increased up
to 10-fold in smokers15. There are no
prospective studies showing benefit from
cessation of smoking, and nephrologists
have largely neglected this issue.
However, patients with progressive renal
failure should be advised to stop smoking
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Fig 1. Diagram of possible common pathogenetic mechanisms in the development of glomerulosclerosis and atherosclerosis (bold
arrow = potential target for therapeutic intervention likely to be effective in both disease processes: (a) antihypertensive medication,
(b) angiotensin-converting enzyme inhibitors, (c) lipid lowering agents, (d) smoking cessation.
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for the beneficial effects on CVD, if not on
progression.

The mechanisms by which smoking
exerts its adverse effects on renal 
function have not been clarified, but
mechanisms related to actions on both
systemic blood pressure and renal
haemodynamics have been suggested.
Smoking may also indirectly damage 
the microvasculature (including the
glomerulus) in the kidney through its
known effects on platelet function,
thromboxane metabolism and 
endothelial cell function16.

Other risk factors

Patients with renal disease have a higher
prevalence of less established cardio-
vascular risk factors, including low
high-density lipoprotein cholesterol, and
high triglycerides, lipoprotein (a) and
homocysteine. They also exercise less
than the general population. It remains
unknown whether modifying these 
factors could impact on either CVD or
progression of CRF.

Inflammatory cytokines have recently
been implicated in the development of
atherosclerosis, and similar mechanisms
may also promote glomerulosclerosis.
Inflammatory molecules are generally
upregulated in CRF, but the relevance of
this to human disease is speculative. It
is possible that anti-inflammatory
therapies might lessen atherosclerosis
and slow the progression of CRF.

Patients with progressive CRF may
have additional cardiovascular risk fac-
tors which are not usually found in the
general population. One example is

anaemia; its correction with recombi-
nant human erythropoietin may amelio-
rate the development of cardiovascular
morbidity and mortality in the long
term, although the effect of correcting
anaemia on progression of CRF is
currently unknown.

Conclusions

The treatment goals in CRF should be
renoprotection and limitation of CVD.
These treatments are largely complemen-
tary and primarily include control of
hypertension (with ACE inhibitors),
lipid lowering therapy and cessation of
smoking.
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