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ABSTRACT
It remains unclear whether mild renal dysfunction is associated with adverse cardiovascular outcome. We
investigated whether estimated glomerular filtration rate (eGFR) was associated with mortality and
cardiac death among 6447 patients with known or suspected coronary artery disease over a mean
follow-up of 7 yr. Cumulative 5- and 10-yr survival rates decreased in a graded fashion from 88% and
70%, respectively, for those with normal renal function to 43% and 33% for those with eGFR �30 ml/min.
Compared with patients with normal renal function, the multivariable adjusted hazard ratios for all-cause
mortality among patients with mild, moderate, and severe renal impairment were 1.33 (95% confidence
interval [CI], 1.21–1.48), 1.67 (95% CI, 1.44–1.93), and 3.38 (95% CI, 2.73–4.19), respectively. Similar
relationships between cardiac death and decreasing renal function were found. In conclusion, renal
function is a graded and independent predictor of long-term mortality in patients with known or
suspected coronary artery disease. Intense treatment and close surveillance of these patients is
encouraged.
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Chronic renal dysfunction has been shown to be
an independent risk factor for cardiovascular
mortality and morbidity in patients with coro-
nary artery disease (CAD).1–7 Population-based
studies have shown discordant results regarding
the association of mild renal dysfunction,8 –10

cardiovascular disease events, and all-cause mor-
tality. Serum creatinine �1.5 mg/dl (133
�mol/L) was associated with a 70% increase in
risk for all-cause mortality in participants who
were followed for 5 yr in the Cardiovascular
Health Study11; however, the Framingham Study
did not show an association between baseline re-
nal function and incident cardiovascular disease
events.12 Furthermore, the results of the National
Health and Nutrition Examination Survey
(NHANES) study did not support moderate re-
nal insufficiency as an independent risk factor for
cardiovascular disease in the general popula-
tion.13 It remains unclear whether mild renal dys-

function is related to adverse cardiovascular out-
comes; therefore, the purpose of this study was to
determine the association between mild renal
dysfunction and mortality during long-term fol-
low-up.

RESULTS

Mean age was 63 yr, and 26% were women (Table
1). Renal function was normal (GFR �90 ml/
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min) in 3587 (56%) patients, whereas 720 (11%) had mod-
erate impairment (GFR 30 to 60 ml/min) and 245 (4%)
patients had severe impairment (GFR �30 ml/min). A mild
degree of renal dysfunction (GFR 60 to 90 ml/min) was
present in 1895 (29%) patients. The mean follow-up time
was 7 yr (range 6 mo to 12 yr). During follow-up, 37,392
patient-years were collected. Death occurred in 2007 (31%)

patients, 54% of which were cardiac. The GFR (mean � SD
83.1 � 16) ranged from 3.8 to 265.3 ml/min per 1.73 m2.

After adjustment for all baseline clinical and demo-
graphic characteristics, the risk for all-cause mortality and
cardiac death was significantly increased in all three groups
of renal impairment compared with the group with normal
renal function (Table 2). Patients with mild impaired renal

Table 1. Clinical characteristics stratified by the creatinine clearance (GFR)a

Variable
Total

(n � 6447)

GFR

P for Trend
Normal

(>90 ml/min;
n � 3587; 56%)

Mild (60 to
90 ml/min;

n � 1895; 29%)

Moderate
(30 to 60 ml/
min; n � 720;

11%)

Severe (<30
ml/min;

n � 245; 4%)

Age (mean � SD) 61 � 11 60 � 18 64 � 10 61 � 12 58 � 13 �0.0001
Male (%) 67 66 75 69 73 0.1
History (%)

MI 33 35 30 22 22 �0.0001
CABG 13 17 19 13 9 �0.0001
PCI 17 18 17 11 10 0.4
heart failure 15 13 16 26 31 �0.001
angina 24 27 23 13 7 0.2

Risk factors (%)
diabetes 15 14 15 19 23 �0.005
hypertension 45 39 55 64 72 �0.0001
dyslipidemia 36 35 37 45 44 �0.001
smoking 28 30 25 21 23 �0.0001

Cardiac medication (%)
� blockers 42 36 46 60 63 �0.0001
nitrates 17 16 19 23 28 �0.0001
calcium antagonists 30 30 29 27 34 0.3
diuretics 11 9 15 15 11 �0.0001
ACEI 13 10 21 18 22 �0.0001
digitalis 3 3 3 4 4 0.5

Serum creatinine (�mol/L;
mean � SD)

105 � 16 71 � 14 101 � 14 152 � 30 346 � 81 �0.0001

GFR (ml/min; mean � SD) 89 � 16 122 � 21 75 � 8 47 � 8 15 � 8 �0.0001
aCABG, coronary artery bypass graft; PCI, percutaneous coronary intervention.

Table 2. HR for the incidence of all-cause mortality, cardiac death, and hard cardiac events (cardiac death or nonfatal MI)
associated with renal function estimated by levels of the creatinine clearance (GFR).

Parameter Events (%)
HR (95% CI)

Unadjusted Adjusteda

All-cause mortality
normal renal function 25 1.0 1.0
mild impaired renal function 36 1.49(1.35to1.65) 1.33(1.21to1.48)
moderate impaired renal
function

45 2.07(1.80to2.37) 1.67(1.44to1.93)

severe impaired renal function 47 4.00(3.26to4.93) 3.38(2.73to4.19)
Cardiac death

normal impaired renal function 13 1.0 1.0
mild impaired renal function 18 1.39(1.20to1.61) 1.46(1.25to1.71)
moderate impaired renal
function

26 2.31(1.93to2.78) 2.31(1.90to2.81)

severe impaired renal function 40 6.28(5.00to7.89) 5.57(4.38to7.08)
aAdjusted for age, gender, previous MI, previous CABG, previous PCI, history of heart failure, history of typical angina, diabetes, hypertension, dyslipidemia,
and current smoking.
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function had 33% increased risk for mortality (hazard ratio
[HR] 1.33; 95% confidence interval [CI] 1.21 to 1.48) as
compared with patients with normal renal function. The
risk for mortality was increased 1.5-fold with moderate re-
nal insufficiency (HR 1.67; 95% CI 1.44 to 1.93) and three-
fold with severe renal impairment (HR 3.38; 95% CI 2.73 to
4.19). Although renal function is related to age, no signifi-
cant interaction was found. Similar strong relations with
cardiac death with decreasing renal function were found.
The adjusted HR for GFR as a continuous variable for all-
cause mortality or cardiac death were 0.82 (95% CI 0.80 to
0.84) and 0.85 (95% CI 0.82 to 0.88), respectively.

Age-adjusted cumulative Kaplan-Meier survival curves
for all-cause mortality according to renal function were 88,
83, 68, and 43% for normal, mild, moderate, and severe,
respectively, at 5 yr and 70, 58, 51, and 33%, respectively, at
10 yr (P � 0.0001; Figure 1). Similar relations with cardiac
death with decreasing renal function were found.

DISCUSSION

The main finding of this study is that mild renal dysfunction
defined as a GFR of 60 to 90 ml/min is a graded and inde-
pendent predictor of long-term outcome of mortality and
hard cardiac events. Mild or moderate impairment of renal
function has also been shown to be associated with worse
prognosis in patients with congestive heart failure,14 those
with myocardial infarction (MI),15 and those in a normal
population16; however, why even a mild renal dysfunction is

related with worse prognosis is not known. One possibility
might be that renal dysfunction may be a pathogenetic fac-
tor in causing the progression of cardiac deterioration. Fur-
thermore, cardiac pump failure may lead to diminished re-
nal function, and thus early renal dysfunction may be a
marker of increased cardiac function; however, we still ob-
served an independent association between renal function
and all-cause mortality and cardiac death after adjusting for
cardiovascular risk factors. Therefore, renal impairment it-
self might initiate and accelerate adverse cardiac events.

Usually, kidney disease is defined as GFR �60 ml/min
per 1.73 m2, a cutoff value recently proposed by the Na-
tional Kidney Foundation’s Kidney Disease Outcomes
Quality Initiative Advisory Board to identify patients who
have moderate renal impairment17 and American Heart As-
sociation’s Councils on Kidney in Cardiovascular Disease,
High Blood Pressure Research, Clinical Cardiology, and Ep-
idemiology and Prevention.5The results of this study show
an increased risk for mortality and hard cardiac events,
starting at earlier stages of renal dysfunction than com-
monly thought. This mildly decreased renal dysfunction,
one quarter of this study, represent patients without symp-
toms and signs of renal dysfunction. As patients get older,
mild degrees of renal insufficiency will become progres-
sively more important because renal function declines with
elderly age; therefore, early recognition of renal dysfunction
may be a key target to prevent worsening renal function.

Treatment of patients with impaired renal function and
CAD is problematic. Evidence of medical therapy both in
trials and in clinical practice is limited and frequently sub-

Figure 1. Age-adjusted all-cause mortality in 6447 patients with known or suspected CAD according to the GFR.
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optimal. Acetylsalicylic acid (ASA)18 and � blockers19 were
shown to reduce mortality among patients with CAD and
may also reduce mortality and morbidity in asymptomatic
patients who are at increased risk for CAD. Also evidence
continues to accrue that angiotensin-converting enzyme in-
hibitors ACEI reduce vascular morbidity and mortality.20 –22

Furthermore, a systematic review demonstrated in patients
who had renal insufficiency and were treated with ACEI a
strong association between creatinine levels and slowing of
the renal disease progression in the long term.8 The authors
concluded that ACEI therapy should be offered to all pa-
tients with left ventricular systolic dysfunction and renal
insufficiency, and also the sixth report of the Joint National
Committee on Prevention, Detection, Evaluation and
Treatment of High Blood Pressure recommends use of
ACEI for control of hypertension in patients with renal in-
sufficiency.9 The use of statins has also been shown to re-
duce mortality. Although there might be a slight increase of
myositis, statins are generally considered safe for use in pa-
tients with renal insufficiency9; however, these therapies are
still underused among patients with renal impairment. Al-
though there may be exceptions, therapies that have been
beneficial at normal levels of kidney function are increas-
ingly being shown also to be beneficial at lower levels of
kidney function23; therefore, intensive medical treatment,
especially in patients with only mild renal dysfunction and
without any signs of renal disease, including � blockers,
ACEI, and statins, should be considered.

Although data were prospectively collected, this analysis
is retrospective. Only patients for whom a single baseline
creatinine value was available were included in this study,
which may have introduced a selection bias in the analysis.
Thus, this study cohort was per definition a preselected one,
already having a higher risk for death earlier than an average
population. This includes the renal reference group; there-
fore, all conclusions regarding the outcome of the four GFR
groups must take this into account. Another limitation is
the lack of data on albuminuria, which may contribute to
the cardiovascular effects of renal dysfunction.24

This study shows that renal function is a graded and in-
dependent predictor of long-term adverse cardiac outcome.
In particularly, even mild renal dysfunction is an important
predictor of all-cause mortality and cardiac death. Intense
treatment and close surveillance of these patients is war-
ranted.

CONCISE METHODS

Study Design and Patient Selection
We studied a cohort of 6447 patients who had known or suspected

CAD, had had baseline serum creatinine determined, and were re-

ferred to the outpatient clinics of the Erasmus University Medical

Center between January 1993 and January 2005. Patients who were

included in our analysis were intermediate- to high-risk patients who

had atherosclerotic disease and were referred for cardiac evaluation,

management of underlying risk factors, or follow-up of their known

ischemic heart condition.

Patients who presented at the time of examination with a his-

tory of angina, previous MI, or myocardial revascularization (i.e.,

previous percutaneous coronary intervention and/or coronary ar-

tery bypass graft) were considered as CAD patients. Patients with

atypical chest pain, dyspnea, atypical electrocardiogram abnor-

malities (ST-T changes without Q-waves), or multiple risk factors

for coronary disease were considered to have suspected CAD. Pa-

tients who were on hemodialysis therapy or had undergone a renal

transplant were excluded. The study protocol was approved by the

local medical ethics committee and was conducted in accordance

with the Declaration of Helsinki.

Renal Function Assessment
Serum creatinine was assessed by a nonkinetic alkaline picrate (Jaffe)

method.25 GFR was estimated by using the Modification of Diet in

Renal Disease (MDRD) equation26: GFR (ml/min per 1.73 m2 body

surface area) � 175 � (serum creatinine)�1.154� age�0.203� 0.742 (if

female).

Clinical Follow-up and End Points
In-hospital clinical information for patients was retrieved from an

electronic database that is maintained in our hospital and by re-

view of hospital records. Survival status was obtained from the

municipal civil registries. Follow-up was performed by mailed

questionnaires and telephone interviews. Patients who were lost to

follow-up were considered at risk until the date of last contact, at

which point they were censored. When needed, referring physi-

cians and institutions were contacted for additional information.

Events and cause of death were verified by contacting the patient’s

primary physician and reviewing medical records. The follow-up

was complete in 98.3%. The end points considered were all-cause

mortality and cardiac death. Death was considered cardiac when it

was caused by acute MI, significant arrhythmias, or refractory

heart failure. Sudden unexpected death occurring without another

explanation was included as cardiac death.

Statistical Analyses
Continuous variables are presented as the mean � SD or as a

percentage. Patients were subsequently categorized as having nor-

mal renal function (GFR �90 ml/min), mild renal impairment

(GFR 60 to 90 ml/min), moderate impairment (GFR 30 to 60 ml/

min), and severe impairment (GFR �30 ml/min).5 Tests of trend

were performed using the four GFR groups as a categorical mea-

surement. Continuous variables are presented as the mean � SD or

as a percentage. Cox proportional hazard regression analysis was

used to investigate the independent effect of renal function on the

outcome events. Analyses were conducted for crude values and

adjusted for age; gender; previous MI; previous percutaneous cor-

onary intervention; previous coronary artery bypass graft surgery;

history of typical of angina; history of heart failure (defined ac-

cording the New York Heart Association classification); diabetes

(defined as the presence of a fasting blood glucose �126 mg/dl or
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requirement for insulin or oral hypoglycemic agents); hypercho-

lesterolemia (defined as total cholesterol of �200 mg/dl); hyper-

tension (defined as systolic BP �140 mmHg, diastolic BP �90

mmHg, or use of antihypertensive medication); smoking; and the

use of statins, � blockers, nitrates, calcium antagonists, ACEI, dig-

italis, and diuretics. The association between GFR and outcome

events was also assessed with GFR as a continuous variable. To

investigate the relation between GFR and age, we performed a test

for interaction in the Cox regression. Using Cox regression, age-

adjusted Kaplan-Meier survival curves of the four GFR groups in

relation to all-cause mortality were constructed and examined us-

ing the log-rank test.
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