
ABSTRACT – Epidemiological studies have defined
a number of risk factors predicting cardiovascular
events, including hypertension, dyslipidaemia,
diabetes mellitus and smoking. Renal dysfunction,
however, has only recently been included among
the strongest predictors of cardiovascular risk.1

The increment in risk is already apparent in the
early stages of borderline renal dysfunction, for
example low rates of albumin excretion (microal-
buminuria) and minor decrease of creatinine
clearance. The information is incomplete, but a
number of potential mechanisms have been iden-
tified through which renal dysfunction may
increase the cardiovascular risk.2,3 Great progress
has been made in providing algorithms to detect
patients at risk and to identify interventions to
reduce the risk.
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The Framingham study and many subsequent
studies identified a number of classical cardio-
vascular risk factors such as hypertension, dyslipi-
daemia, diabetes mellitus and smoking. Renal dys-
function was not included in any of these early
studies. The mortality of patients on renal replace-
ment therapy, particularly haemodialysis, was higher
by a factor of 10–100 than that of a matched back-
ground population.1 It had not been appreciated that
the increase in cardiovascular risk starts early in the
evolution of renal disease at levels of serum creati-
nine (or endogenous creatinine clearance) and
albumin excretion rates (microalbuminuria) not
previously thought to be associated with increased
cardiovascular risk. In recent years, a large body of
evidence has been accumulated establishing beyond
reasonable doubt that the onset of cardiac disease
and the lethality of acute myocardial infarction
(AMI) are strikingly increased at even minor degrees
of renal dysfunction. Loss of renal function causes
hyperfiltration in residual nephrons, so such minor
increases in serum creatinine (eg 1.3–1.5 mg/dl)
indicate substantial loss of nephrons. Many abnor-
malities occur at this early stage of renal dysfunction
that are potentially relevant for the higher cardiovas-

cular risk such as a rise of blood pressure within the
range of normotension,4 increased lipoprotein (a)5

or higher concentrations of asymmetric diethyl-L-
arginine, an inhibitor of nitric oxide synthase.6

Minor renal dysfunction predicts a high
cardiovascular risk in the general
population

The Framingham study was the first longitudinal
study to identify minor renal dysfunction as a pre-
dictor of cardiovascular risk.7 Mortality rates in men
with serum creatinine 1.4–3.0 mg/dl were sig-
nificantly higher than in controls, but there was no
significant difference in women.

These early observations have recently been con-
firmed in NHANES II (see end of text for explana-
tion of studies).8 After multivariate analysis, renal
insufficiency emerged as a significant predictor of
subsequent deaths resulting from cardiovascular dis-
ease. In the HOORN study9 the association of mild
renal failure and cardiovascular risk persisted even
when corrected for established risk factors such as
homocystine, urinary albumin excretion, von
Willebrand factor, C-reactive protein and soluble
vascular cell adhesion molecule-1 (sVCAM-1). For
each 5 ml/min decrease in glomerular filtration rate
(GFR) the cardiovascular risk was increased by 26%. 

Some information is available from the UK.10 In a
retrospective analysis of 7,690 men followed for an
average of 15 years those with a serum creatinine
concentration above 1.3 mg/dl (n = 343) had a 60%
higher risk of stroke; this persisted after correction
for other cardiovascular risk factors. The risk of total
mortality, cardiovascular mortality and ischaemic
cardiac events was 20% higher in patients with base-
line serum creatinine above 1.6 mg/dl than in
individuals with lower serum creatinine levels.

In summary, a minor elevation of serum creatinine
is associated with an increased cardiovascular risk.

Does minor renal insufficiency predict the
cardiovascular risk in patients at high risk
of atherosclerosis?

The earlier studies chose randomly selected individ-
uals from the general population, but information
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has recently become available in populations at high cardiovas-
cular risk, for example from the HOPE study11 in which ramipril
was compared with placebo in patients at high risk of cardio-
vascular events. Patients with serum creatinine of 1.4–2.3 mg/dl
(n = 980) and below 1.4 mg/dl (n = 8,307) were compared.
Patients with calculated creatinine clearances below and above
65 ml/min were also compared (for algorithm, see below12).

The cumulative prevalence of cardiovascular death, AMI and
stroke was higher in individuals with serum creatinine above
1.4 mg/dl than in those with lower values (22.2% vs 15.1% or
55 events vs 36 events per 1,000 patient years). There was a
linear increase of risk with serum creatinine values: for
increasing quartiles of serum creatinine, the cardiovascular
events per 1,000 patient years increased from 33 to 39, 38
and 55. Both cardiovascular mortality (11.4% vs 6.6% or
28 events vs 16 events per 1,000 patient years) and total mor-
tality (17.8% vs 10.6% or 43 events vs 25 events per 1,000
patient years) were higher in patients with early renal failure.
The adjusted hazard ratio for patients with creatinine clearance
below 6 ml/min was 1.4 (95% confidence interval 1.16–1.69),
independent of known cardiovascular risk factors. 

Diabetes mellitus is well known to confer a high cardiovas-
cular risk.13 It is less widely appreciated that the hazard ratio for
minor renal dysfunction is as high as that conferred by diabetes.
At least in patients at high cardiovascular risk as in the HOPE
study,11 it follows that minor renal dysfunction is a powerful
cardiovascular risk predictor. This finding is of particular rele-
vance since one-third of populations at high cardiovascular risk
have diminished renal function.

The impact of mild renal dysfunction in patients
with heart failure and acute coronary syndrome

Hillege et al14 measured haemodynamic and serological risk fac-
tors in stable patients with advanced heart failure (New York
Heart Association III and IV). Possibly to the surprise of the
authors, a follow-up showed that reduced renal function was the
best predictor of overall mortality: the lower the GFR at the start
of the study, the lower the patient survival. It was also noted that
a low GFR following an AMI predicted the development of heart
failure.15 Meta-analysis must be taken with a grain of salt, but
these data are supported by a meta-analysis by Al Suwaidi of the
data of all patients with acute coronary syndrome in recent
intervention trials.16

A reduced GFR is also a substantial risk factor for poor sur-
vival in patients on cardiological intensive care units.17 In other
studies,18,19 in-hospital mortality after AMI was 2% in patients
with normal GFR, and 6%, 14% and 21% in patients with mild,
moderate and advanced renal failure, respectively. One-year
mortality was 24% in patients with normal renal function and
66% in patients with advanced renal failure. It is true that
patients with renal failure received less intervention than is stan-
dard practice with thrombolysis, angioplasty or bypass surgery,
but this alone is insufficient to account for the dramatic excess
mortality. More rigorous implementation of state-of-the-art
therapy and greater awareness of the importance of impaired

renal function could make a dramatic impact on the prevalence
of heart failure and acute coronary syndromes.

Does mild renal dysfunction increase the
cardiovascular risk in patients with arterial
hypertension?

Mild renal dysfunction increases the cardiovascular risk of
patients with hypertension.20–23 The HDFP,20 an interventional
trial, followed 10,940 patients with known renal disease and
serum creatinine above 1.5 mg% (5.8% of the cohort) and
heavy (++) proteinuria (3.1%). During a five-year follow-up
there was a linear correlation between serum creatinine and car-
diovascular mortality, with a fivefold difference between the
subjects with the lowest and highest serum creatinine values.
The increase in risk was independent of other risk factors.

The HOT study21 followed 18,790 patients with arterial
hypertension, only a minority of whom (ca 10%) had clinical
evidence of atherosclerosis. When baseline serum creatinine
concentration was above 1.5 mg/dl, the risk of major cardio-
vascular events was increased by a factor of 2, and the same was
true for total mortality.

Calculating glomerular filtration rate from the
serum creatinine concentration at the bedside

It is increasingly recognised that the serum creatinine concen-
tration is an unreliable index of GFR when the former is
markedly increased (eg >1.5 mg/dl). Serum creatinine concen-
tration depends on muscle mass and is greatly influenced by age,
gender and catabolism. To circumvent these difficulties, several
algorithms have been proposed to calculate an estimated
endogenous creatinine clearance, the most popular of which is
that of Cockroft and Gault.12

(140 – age) body weight (kg) = creatinine clearance 

72 serum creatinine (mg/100 ml) (ml/min)
or

(140 – age) body weight (kg) = creatinine clearance 

0.82 serum creatinine (µmol) (ml/min)

Conclusion

Whatever the aetiology of the underlying renal disease, even a
minor decrease in renal function (in GFR), is a powerful pre-
dictor of cardiovascular events.24 This is of particular importance
because mild renal failure is noted in up to 10% and 30% of
patients at low7 and high11 cardiovascular risk, respectively.
Minor renal dysfunction is an excellent clinical indicator of high
cardiovascular risk, particularly in the patient without traditional
cardiovascular risk factors.

Is this increase of renal function-dependent risk susceptible to
therapeutic intervention? There is a note of hope because phar-
macological blockade of the renin angiotensin system with
ramipril24 reduced cardiovascular end-points in patients with
serum creatinine above 1.4 mg/dl. In this high risk group, the
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proportional risk reduction was even greater. Similar observa-
tions were reported by Hillege et al.14,15 Unfortunately, because
angiotensin-converting enzyme (ACE) inhibition may further
increase serum creatinine concentrations, many physicians hesi-
tate to use ACE inhibition or angiotensin receptor blockers in
patients with mild renal dysfunction. However, the results of sev-
eral studies14,15,24 indicate that this fear is unjustified because
these patients derive particular cardiovascular benefit from this
intervention. Moreover, ACE inhibition prevents further loss of
renal function.25–28 It is true that no results are available of a
prospective intervention study which specifically addresses
reduction of the cardiovascular risk in patients with mild renal
dysfunction. Nevertheless, the data of the post hoc analyses are
sufficiently impressive29 to justify the postulate that, as in patients
with diabetes mellitus,13 patients with mild renal dysfunction
deserve intensive cardiovascular risk factor intervention:

� lowering blood pressure to less than 130/80 mmHg

� reducing low-density lipoprotein cholesterol to below
105 mg/dl

� prescribing low-dose acetylsalicylic acid and high-dose ACE
inhibitors, and

� advising cessation of smoking and regular physical
exercise.29

Trial acronyms

HDFP Hypertension Detection and Follow-Up Program

HOPE Hope Outcomes Prevention Evaluation

HOT Hypertension Optimal Treatment

NHANES II National Health And Nutrition Examination Survey
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Key Points

Minor renal dysfunction, defined as excretion of albumin in
the urine below the conventional detection threshold
(microalbuminuria), as well as reduced glomerular filtration
rate, recognised from increased serum creatinine
concentration or decreased estimated creatinine clearance,
cause a dramatic increase in cardiovascular risk

The risk is demonstrable in the general population, but is
progressively higher in individuals with increasingly
elevated cardiovascular risk and particularly in individuals
with symptomatic coronary heart disease

The outcome of MI (myocardial infarction) or PTCA
(percutaneous transluminal angioplasty) is strongly
dependent on renal function. This is true even for serum
creatinine concentrations as low as 1.4 mg/dl or less

The underlying pathomechanisms have not been completely
identified, but even interventions of proven benefit are
insufficiently provided to individuals with such minor renal
dysfunction
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