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Background: Renal insufficiency is a risk factor for car-

diovascular disease in patients with renal disease or coronary heart disease; however, it is unknown whether renal function is an independent predictor of cardiovascular
disease in the general population.
Methods: We investigated whether the level of renal
function, estimated by glomerular filtration rate, was associated with the risk of incident myocardial infarction
among 4484 apparently healthy subjects in the Rotterdam Study (mean age, 69.6 years). We estimated the glomerular filtration rate by Cockcroft-Gault and abbreviated modification of diet in renal disease equations and
used Cox regression analysis to estimate hazard ratios adjusted for cardiovascular risk factors, atherosclerosis, and
medication use.
Results: During the follow-up period (mean, 8.6 years),
218 subjects (4.9%) had a myocardial infarction. A 10 mL /
min per 1.73 m2 decrease in glomerular filtration rate was
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associated with a 32% increased risk of myocardial infarction (P⬍.001). Compared with subjects in the fourth quartile, the multivariate-adjusted hazard ratios for the risk of
myocardial infarction increased from 1.64 (95% confidence interval [CI], 1.03-2.59) in the third quartile to 1.94
(95% CI, 1.21-3.10) in the second quartile and 3.06 (95%
CI, 1.80-5.19) in the quartile with the lowest glomerular
filtration rate estimated by the Cockcroft-Gault equation.
Using the abbreviated modification of diet in renal disease
equation, the risk estimates for the third to first quartiles
were 1.34 (95% CI, 0.89-2.01), 1.66 (95% CI, 1.14-2.49),
and 1.90 (95% CI, 1.25-2.90), respectively.
Conclusions: The present study shows that renal function

is a graded and independent predictor of the development
of myocardial infarction in an elderly population. Early detectionofdecreasedrenalfunctionmayidentifysubjectswho
are at heightened risk of coronary heart disease.
Arch Intern Med. 2005;165:2659-2665

ECENT STUDIES 1 - 7 HAVE

shown that renal failure is
an independent risk factor for cardiovascular
mortality and morbidity
in high-risk populations such as
patients with chronic kidney or cardiovascular disease and patients with cardiovascular risk factors. It remains
uncertain whether the level of renal
function within asymptomatic ranges
predicts the risk of cardiovascular disease in the general population. Until
now, population-based studies 8-12 on
renal insufficiency and cardiovascular
disease gave conflicting results. Most
prospective studies have been conducted with middle-aged populations.
In some of these studies,8,9 renal insufficiency has been associated with
increased risk of cardiovascular disease.
In others,10,11 renal insufficiency was not
an independent predictor after adjustment for cardiovascular risk factors.
The Cardiovascular Health Study 12,13

(REPRINTED) ARCH INTERN MED/ VOL 165, DEC 12/26, 2005
2659

(CHS), a prospective population-based
study of subjects 65 years or older, is
the only study that has investigated the
association between renal insufficiency
and cardiovascular disease in elderly
individuals. In this study, an increased
risk of cardiovascular disease was found
in subjects with elevated serum cystatin
C, whereas a much weaker association

See also page 2666
was found between serum creatinine
level and risk of cardiovascular disease.
No significant association between glomerular filtration rate (GFR) and risk of
myocardial infarction was found.12,13
The elderly population is growing and,
because renal function decreases with age,
renal insufficiency will become an increasingly important problem. Therefore, we examined the association between renal function, estimated by glomerular filtration rate
(eGFR), and risk of myocardial infarc-
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tion in the Rotterdam Study, a large population-based
study in men and women 55 years and older.
METHODS

STUDY POPULATION
The Rotterdam Study14 is an on-going prospective populationbased cohort study aimed at assessing the incidence and determinants of chronic diseases in the elderly population. In short,
all inhabitants 55 years or older of Ommoord, a suburb of Rotterdam, the Netherlands, were invited to participate in the study.
A total of 7983 men and women (response rate, 78%) agreed
to participate, and 6950 participants visited the research center for the required physical examination. The main reason for
not visiting the research center was that an individual lived in
a nursing home. Baseline data were collected from March 1990
to July 1993. The medical ethics committee of the Erasmus Medical Center, Rotterdam, approved the study, and written informed consent was obtained from all participants.

BASELINE EXAMINATION
At baseline, a trained research assistant obtained information on
smoking habits and medication use from each subject during a
home interview. Individuals were classified as never having
smoked, a past smoker, or a current smoker. Clinical measurements were obtained during the visit to the research center. Height
and weight were measured, and body mass index was calculated
as weight in kilograms divided by the square of height in meters.2 Blood pressure was calculated as the average of 2 consecutive measurements at the right brachial artery with a randomzero sphygmomanometer. Serum total cholesterol was measured
by an automated enzymatic procedure in a nonfasting blood
sample. Serum high-density lipoprotein cholesterol was measured similarly after precipitation of the non–high-density lipoprotein fraction. Diabetes mellitus was defined as the use of antidiabetic medication and/or a random or postload serum glucose
level above 198.2 mg/dL (11.0 mmol/L). C-reactive protein levels were measured by enzyme-linked high-sensitivity immunoassays. Carotid intima media thickness, as a measurement of generalized atherosclerosis, was assessed by ultrasonography. We
computed values of intima media thickness by averaging the anterior and posterior walls of the left and right common carotid
arteries (distal).15 Prevalent myocardial infarction at baseline was
considered present in the case of a self-report, verified by a general practitioner or hospital discharge data, or confirmed by electrocardiogram measurements.16

ASSESSMENT OF RENAL FUNCTION
Serum creatinine was assessed by a nonkinetic alkaline picrate ( Jaffe) method.17 Creatinine clearance was computed
with the Cockcroft-Gault18 equation and standardized for
body surface area using the Dubois formula.19 Creatinine
clearance generally exceeds GFR by 10% to 15% due to urinary creatinine derived from tubular secretion.20 The eGFR
was therefore calculated using a correction factor of 0.90. In
an additional analysis we used the abbreviated modification
of diet in renal disease (MDRD) equation.21

ASSESSMENT OF INCIDENT
MYOCARDIAL INFARCTION
After all baseline examinations were performed, general
practitioners in the research area (Ommoord) reported incident cardiovascular events to the study center. An incident

myocardial infarction was considered to have occurred when
the event led to hospitalization and the hospital discharge
records indicated a diagnosis of myocardial infarction based
on symptoms, electrocardiographic recordings, and repeated
laboratory investigations during the patient’s hospital stay.
Research assistants collected all information by checking
medical records at the general practitioners’ offices, including discharge reports from medical specialists. Subsequently,
2 research physicians independently coded all reported
events according to the International Classification of Diseases, 10th Revision. If research physicians disagreed on diagnoses, these were discussed to reach consensus. Finally, an
expert in the field of cardiology reviewed all events. In case
of disagreement between the medical expert and the
research physicians, the expert’s judgment was considered
final. Information on the vital status of the participants was
obtained at regular intervals from the municipal authorities
in Rotterdam.

POPULATION FOR ANALYSIS
Of the 6950 subjects who visited the research center, 808
(12%) were excluded because of prevalent myocardial
infarction. Blood samples for measurement of serum creatinine level were available for 4568 (74.4%) of the remaining
6142 subjects. Data were available on eGFRs for 4484
(73.0%) of 6142 subjects. Baseline data on cardiovascular
risk factors were missing for 212 subjects (⬍5%). For missing data on cardiovascular risk factors, the mean of the study
population was imputed. Of the study population, 8 individuals (0.1%) were lost to follow-up. For these subjects, the
follow-up time was computed until the last date of contact.
Follow-up data on incident myocardial infarction were completed until January 1, 2002.

STATISTICAL ANALYSIS
Cox proportional hazard regression analysis was used to estimate hazard ratios for incident myocardial infarction with corresponding 95% confidence intervals (CIs). Analyses were conducted with eGFRs divided into sex-specific quartiles. The quartile
with the highest eGFR was used as the reference quartile. Analyses were conducted for crude values (model 1), adjusted for age,
sex, body mass index, systolic and diastolic blood pressure, smoking habits, total and high-density lipoprotein cholesterol, and diabetes mellitus (model 2) and further adjusted for use of cardiac
medication (angiotensin-converting enzyme inhibitors, diuretics, and ␤-blocking agents) and nonsteroidal anti-inflammatory
drugs, C-reactive protein, and carotid intima media thickness (full
model). The association between the eGFR and the risk of myocardial infarction was also assessed with the eGFR as a continuous variable. Tests for trend were performed, using the quartiles
of the eGFR as a categorical measurement. In an additional analysis, the eGFR was estimated using the abbreviated MDRD equation rather than the Cockcroft-Gault equation. Kaplan-Meier survival plots of quartiles of the eGFR in relation to the risk of
myocardial infarction were examined with log-rank test. The attributable risk and population-attributable risk percentage of renal insufficiency associated with myocardial infarction were calculated using an eGFR below 60 mL/min per 1.73 m2 as the cutoff
point.22 For purposes of comparison, we calculated the attributable risk and population-attributable risk of the 4 major, classical cardiovascular risk factors. All measurements of association
are presented with 95% CIs. A P value of less than .05 was considered statistically significant. All analyses were performed using SPSS statistical software (version 12.0; SPSS Inc, Chicago, Ill)
for Windows.
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Table 1. Baseline Characteristics of the Study Population*

Characteristic
Age, y
Body mass index†
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Current smoker
Former smoker
Total cholesterol, mg/dL (mmol/L)
HDL cholesterol, mg/dL (mmol/L)
Diabetes mellitus
C-reactive protein, mg/L
Cardiac medication
ACE inhibitors
Diuretics use
␤-Blockers use
NSAID use
Body surface area, m2‡
Carotid intima media thickness, mm

All Subjects
(N = 4484)

Men
(n = 1628)

Women
(n = 2856)

69.6 ± 8.8
26.2 ± 3.7
139.6 ± 22.3
73.8 ± 11.7
1044 (23.3)
1738 (38.8)
254.8 ± 46.3 (6.6 ± 1.2)
50.2 ± 15.4 (1.3 ± 0.4)
447 (10.0)
3.1 ± 5.7
1335 (29.8)
202 (4.5)
661 (14.7)
597 (13.3)
366 (8.2)
1.8 ± 0.2
0.8 ± 0.1

68.8 ± 8.1
25.6 ± 3.0
139.4 ± 21.9
74.9 ± 12.1
505 (31.0)
963 (59.2)
243.2 ± 46.3 (6.3 ± 1.2)
46.3 ± 11.6 (1.2 ± 0.3)
152 (9.3)
3.4 ± 5.5
387 (23.8)
88 (5.4)
137 (8.4)
196 (12.0)
91 (5.6)
1.9 ± 0.1
0.8 ± 0.1

70.1 ± 9.1
26.6 ± 4.1
139.7 ± 22.5
73.2 ± 11.4
539 (18.9)
775 (27.1)
262.5 ± 46.3 (6.8 ± 1.2)
54.1 ± 15.4 (1.4 ± 0.4)
295 (10.3)
2.9 ± 5.8
948 (33.2)
114 (4.0)
524 (18.3)
401 (14.0)
275 (9.6)
1.7 ± 0.1
0.8 ± 0.1

Abbreviations: ACE, angiotensin-converting enzyme; HDL, high-density lipoprotein; NSAID, nonsteroidal anti-inflammatory drug.
*Data are given as numbers (percentages) for dichotomous variables and mean ± SD for continuous variables.
†Calculated as weight in kilograms divided by the square of height in meters.
‡Body surface area is computed by 0.007184 ⫻ weight0.425 (in kilograms) ⫻ height0.725 (in meters).

Table 2. Hazard Ratios (HRs) for Incident Myocardial Infarction Associated With eGFR Levels Based on the Cockcroft-Gault Equation
HR (95% CI)
Quartile
Men
Fourth
Third
Second
First
Women
Fourth
Third
Second
First
Overall
Fourth
Third
Second
First

eGFR*

Total/Events

Unadjusted HRs

Traditional CVD
Risk Factors†

Full Model‡

81.42
68.19
59.43
45.93

407/19
407/29
407/35
407/42

1.00
1.56 (0.88-2.78)
1.97 (1.13-3.45)
3.04 (1.77-5.24)

1.00
1.60 (0.87-2.89)
2.10 (1.14-3.85)
3.17 (1.58-6.34)

1.00
1.60 (0.89-2.89)
2.06 (1.12-3.79)
2.96 (1.48-5.95)

79.79
65.24
55.92
42.18

714/13
714/19
714/23
714/38

1.00
1.51 (0.74-3.05)
1.88 (0.95-3.71)
4.02 (2.14-7.56)

1.00
1.71 (0.82-3.54)
1.87 (0.88-3.96)
3.43 (1.50-7.87)

1.00
1.64 (0.78-3.42)
1.74 (0.81-3.70)
3.34 (1.45-7.66)

80.38
66.36
57.19
43.05

1121/32
1121/48
1121/58
1121/80

1.00
1.54 (0.98-2.41)
1.92 (1.25-2.96)
3.42 (2.27-5.16)

1.00
1.64 (1.04-2.60)
1.98 (1.24-3.17)
3.22 (1.90-5.47)

1.00
1.64 (1.03-2.59)
1.94 (1.21-3.10)
3.06 (1.80-5.19)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CI, confidence interval; CVD, cardiovascular
disease; eGFR, estimated glomerular filtration rate.
*The mean of eGFR for descending quartiles of eGFR. The risk estimates for using eGFR as continuous variable are 1.30 (1.11-1.50) for men, 1.37 (1.16-1.59)
for women, and 1.32 (1.18-1.47) for the total group for every 10 mL/min per 1.73 m2.
†Adjusted for age, sex, BMI, systolic and diastolic blood pressure, smoking habits, total and high-density lipoprotein cholesterol levels, and diabetes mellitus.
‡Adjusted for age, sex, BMI, systolic and diastolic blood pressure, smoking habits, total and high-density lipoprotein cholesterol levels, diabetes mellitus, use of
cardiac medication (angiotensin-converting enzyme inhibitors, diuretics, and ␤-blocking agents) and nonsteroidal anti-inflammatory drugs, C-reactive protein
level, and carotid intima media thickness.

RESULTS

Baseline characteristics of the study population are
shown in Table 1. The mean ± SD age was 69.6 ± 8.8
years, and 63.7% of the population were women. The
eGFRs (mean ± SD, 61.9 ± 14.7) ranged from 6.1 to
142.6 mL /min per 1.73 m2. A mild degree of renal
insufficiency, with an eGFR between 60 and 89, was

present in 2317 subjects (51.7%). The mean ⫹ SD
follow-up time was 8.6 ± 2.8 years. During follow-up,
38 479 person-years were collected. Incident myocardial infarction occurred in 218 subjects (4.9%; 125
men and 93 women). The risk of myocardial infarction is significantly increased in the lower 3 quartiles
compared with the highest quartile of eGFR (P value
for trend, ⬍.001) (Table 2). Risk estimates using
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Table 3. Hazard Ratios (HRs) for Incident Myocardial Infarction Associated With eGFR Levels Based
on the Abbreviated MDRD Formula
HR (95% CI)
Quartile

eGFR*

Total/Events

Unadjusted

Traditional CVD
Risk Factors†

Full Model‡

Fourth
Third
Second
First
Total

94.21
78.41
69.46
55.87
74.49

1121/44
1121/50
1121/58
1121/66

1.00
1.12 (0.74-1.67)
1.34 (0.90-1.98)
1.68 (1.15-2.46)

1.00
1.35 (0.90-2.03)
1.70 (1.14-2.55)
1.99 (1.31-3.03)

1.00
1.34 (0.89-2.01)
1.66 (1.14-2.49)
1.90 (1.25-2.90)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CI, confidence interval; CVD, cardiovascular
disease; eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease.
*The mean of eGFR for the descending quartiles of eGFR.
†Adjusted for age, sex, BMI, systolic and diastolic blood pressure, smoking habits, total and high-density lipoprotein cholesterol levels, and diabetes mellitus.
‡Adjusted for age, sex, BMI, systolic and diastolic blood pressure, smoking habits, total and high-density lipoprotein cholesterol levels, diabetes mellitus, use of
cardiac medication (angiotensin-converting enzyme inhibitors, diuretics, and ␤-blocking agents) and nonsteroidal anti-inflammatory drugs, C-reactive protein
level, and carotid intima media thickness.
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Figure. Event-free survival curves for quartiles of estimated glomerular
filtration rate (eGFR) (Cockcroft-Gault equation). Kaplan-Meier survival
curves were used to calculate the event-free survival curves in the
descending quartiles of eGFR. The lines correspond to the survival curves of
the fourth quartile as reference group, third quartile (q3), second quartile
(q2), and the lowest quartile of the eGFR (q1), respectively.

quartiles of eGFRs based on the abbreviated MDRD
equation were somewhat smaller, but a similar trend
was seen (Table 3). In the following analyses, the
eGFR is based on the Cockcroft-Gault equation. The
survival curves for quartiles of eGFRs are shown in the
Figure. The log-rank test gave P values of .056, .002,
and less than .001, respectively, corresponding to
descending quartiles of eGFRs. The attributable and
population-attributable risks of renal insufficiency
associated with myocardial infarction were 32.8% and
14.7%, respectively (Table 4). If renal insufficiency is
assumed to be causally related to myocardial infarction, our findings suggest that it contributed to 32.8%
of the cases affected by renal insufficiency and that it
was involved in the pathogenesis of 14.7% of all myocardial infarctions in the study sample.

In this population-based cohort study of adults 55 years
or older, we found that impaired renal function was common and associated with an increased risk of myocardial infarction. Even the earlier stages of renal function
loss, before there are any symptoms of renal disease, are
associated with an increased risk of myocardial infarction. This association is independent of cardiovascular
risk factors and atherosclerosis. The populationattributable risk is substantial and within range of traditional cardiovascular risk factors.
A previous study7 demonstrated the association between renal insufficiency and adverse outcomes in patients after a myocardial infarction. Relatively few studies8-12 have evaluated the relationship between renal
function and risk of incident coronary heart disease in
the general population. The results of these studies were
inconsistent. Most studies8-11 reported on the association between renal function and cardiovascular disease
in middle-aged subjects. The Framingham Heart Study10
and the National Health and Nutrition Examination Survey11 (NHANES I) found no association between elevated serum creatinine level and cardiovascular events
after adjustment for cardiovascular risk factors. The Atherosclerotic Risk in Communities study9 in subjects aged
45 to 64 years (mean age, 54.2 years) showed an association between renal insufficiency and atherosclerotic
cardiovascular disease as a composite outcome. Although the investigators in that study found an increased risk of 1.38 (95% CI, 1.02-1.87) for subjects with
an eGFR below 60 mL /min per 1.73 m2 and a risk of 1.16
(95% CI, 1.00-1.34) for subjects with an eGFR above 60
mL /min per 1.73 m2 compared with subjects with an
eGFR above 90 mL /min per 1.73 m2, these risks are relatively small compared with those found in the present
study and were not adjusted for C-reactive protein and
a measurement of atherosclerosis. No separate analysis
of myocardial infarction was performed. A recent study8
in a middle-aged population of 1 120 295 insured adults
20 years or older (mean age, 52 years) reported an in-
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Table 4. Attributable Risk and Population-Attributable Risk Percentages Associated With Incident Myocardial Infarction,
Based on Cockcroft-Gault Equation

Risk Factor
Diabetes mellitus
Hypertension
Smoking†
Hypercholesterolemia‡
Renal insufficiency§

Prevalence, %

Age-Adjusted
Hazard Ratio*

Attributable
Risk, %

Population-Attributable
Risk, %

10.0
25.6
23.3/38.8
60.9
44.9

1.6
1.5
1.9/1.6
1.4
1.5

38.1
34.5
48.2/38.8
26.8
32.8

3.8
8.8
11.2/15.0
16.3
14.7

*Determined by Cox proportional hazards regression analysis. Hypertension defined as systolic blood pressure of at least 160 mm Hg and/or diastolic blood
pressure of at least 100 mm Hg, and/or use of blood pressure–lowering medication.
†Current smoker compared with those who never smoked or past smoker compared with those who have never smoked.
‡Hypercholesterolemia, defined as total cholesterol level of 239.4 mg/dL (6.2 mmol/L) or higher.
§Renal insufficiency with an estimated glomerular filtration rate of 60 mL/min per 1.73 m2 as the cutoff point.

creased risk of cardiovascular events (heart failure, stroke,
coronary heart disease, and peripheral artery disease) in
subjects with chronic kidney disease, defined as an eGFR
below 60 mL /min per 1.73 m2. This risk8 increased substantially at an eGFR below 45 mL /min per 1.73 m2. Although we support their results, our study differs in several important aspects. First, we found an increased risk
at higher levels of renal function, namely, in asymptomatic subjects with an eGFR well above the level of patients with chronic kidney disease. Second, the authors
of the California study9 were not able to adjust for smoking, cholesterol and C-reactive protein levels, blood pressure, use of cardiac medication, and measurements of atherosclerosis. In addition, we excluded subjects with a
history of myocardial infarction at baseline.
Our study is the first to show a graded and independent association between renal function and the risk of
myocardial infarction in an elderly population. The only
previous study that evaluated the association between renal function and cardiovascular disease in an elderly population was the CHS. The CHS (mean age of subjects, 72.9
years) found an association between elevated serum creatinine level and total cardiovascular disease as a combined outcome. In that study,12 a 1.5 times increased risk
was found for subjects with elevated serum creatinine
level, defined as 1.5 mg/dL (132.6 µmol/L) or higher in
men or 1.3 mg/dL (114.9 µmol/L) or higher in women,
compared with subjects with creatinine levels in the reference range. In contrast with our study, however, no association of elevated serum creatinine level with incident myocardial infarction was found after adjusting for
cardiovascular risk factors.12 A recent report13 of the CHS
concluded that serum cystatin C level is a stronger predictor of the risk of cardiovascular outcomes than serum creatinine level and eGFR. The study showed a relationship between serum cystatin C level and the risk
of death from cardiovascular disease; the association of
cystatin C level with incident myocardial infarction was
less strong than was the case for association with mortality outcomes. In multivariate analysis, only a subgroup of the highest quintile (quintile subgroup 5c) was
at significantly increased risk of myocardial infarction.
Creatinine level and eGFR estimated by MDRD equation had no significant association with myocardial infarction in either unadjusted or adjusted analyses. Risk

estimates were not adjusted for measurements of atherosclerosis, low-density lipoprotein cholesterol, or history of smoking.13 We have no explanation for the discrepancy with our findings. However, there are important
differences between the 2 studies in population (the CHS
population is somewhat older), ascertainment methods, and analysis.
The reason why mild renal insufficiency is associated with an increased risk of cardiovascular disease in
our study is not clear. It has been suggested the increased risk can be explained by co-occurrence of a high
prevalence of cardiovascular risk factors at baseline.5,10
In that case, renal insufficiency would be a marker for
cardiovascular risk factors and their severity rather than
an independent risk factor. However, we still observed
an independent association after adjusting for cardiovascular risk factors. Another possible explanation is the presence of atherosclerosis, commonly thought to preexist
in individuals with mild renal insufficiency. However, after adjustment for carotid intima media thickness, as a
measurement of generalized atherosclerosis, an increased risk remained associated with lower levels of renal function. Therefore, preexisting atherosclerotic vascular disease cannot fully explain the relationship,
although the possibility exists that it is mediated by small
vessel disease rather than large vessel disease. Finally, renal insufficiency itself might initiate and accelerate cardiovascular disease.
The US National Kidney Foundation has provided guidelinesfortheassessmentofrenalfunction.Definitionsofstages
1 to 5 of renal function correspond to eGFR levels of 90 or
higher (reference range), 60 to 89, 30 to 59, 15 to 29, and
less than 15 mL /min per 1.73 m2. Stage 3 is the first stage at
which a patient shows symptoms of renal insufficiency, and
it is considered the cutoff point for chronic kidney disease.2
The results of our study show an increased risk of myocardial infarction starting at earlier stages of renal function loss
than commonly thought, namely, well above the levels of
chronic kidney disease. Using the Cockcroft-Gault equation,
the third quartile with a mean eGFR of 66.3 mL/min per 1.73
m2 was associated with a 64% increased risk of myocardial
infarction. An additional analysis with the MDRD equation
showed a 66% increased risk of myocardial infarction for
subjects in the second quartile with a mean eGFR of 69.5
mL/min per 1.73 m2. Both equations show a significantly in-
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creased risk at these mildly decreased eGFR levels, with the
difference in size of risk estimates related to the difference
in mean eGFR levels of the quartiles. These mildly decreased
eGFR levels, corresponding to stage 2, represent subjects at
an early stage of renal insufficiency, without symptoms or
signs of renal function loss. With descending quartiles of
eGFR, the risk of myocardial infarction increased gradually
to a 2-fold (MDRD equation; mean eGFR, 54) to a 3-fold
(Cockcroft-Gaultequation;meaneGFR,44mL/minper1.73
m2) increased risk.
A mild degree of renal insufficiency with an eGFR of
60 to 89 mL/min per 1.73 m2 (based on the CockcroftGault equation) was present in 51% of the study population. In aging populations, such as that of Western Europe, mild degrees of renal insufficiency will be
progressively more important because renal function declines rapidly with age but life expectancy is increasing.
Early detection of decreased renal function, using eGFR
measurements as a relatively simple screening method,
may identify subjects at high risk of coronary heart disease. Because renal insufficiency is associated with a high
prevalence of traditional risk factors, early risk factor reduction measures may be of benefit in these subjects.
Therefore, the early stages of renal insufficiency may be
a key target to prevent worsening renal function as well
as to reduce the risk of cardiovascular disease. Some of
the factors detrimental to kidney function, such as smoking, dyslipidemia, and elevated blood pressure, can be
modified. Recent studies3,23 report that angiotensinconverting enzyme inhibitors may have renoprotective
effects and delay the progression of renal insufficiency.
Because the subjects in our study were predominantly white, the generalizability of the study to other
racial groups is limited. Moreover, data on proteinuria
were unavailable in this database because urinalyses were
not performed in the Rotterdam Study.14 Microalbuminuria is an early marker of diabetic nephropathy and cardiovascular disease; however, a recent study24 showed that
the GFR is a predictor of cardiovascular events independent of the presence of microalbuminuria in patients with
asymptomatic diabetes mellitus. The CHS study found
that cystatin C was a stronger predictor of cardiovascular events than serum creatinine level and eGFR. Cystatin C levels were not available in our study, but the use
of an eGFR in our study provided risk estimates for myocardial infarction stronger than those based on cystatin
C levels in the CHS study.13 A study on the diagnostic
accuracy of eGFR formulas and cystatin C concluded that
cystatin C is superior to serum creatinine in estimating
renal function but similar to estimates of GFR by Cockcroft-Gault or MDRD equations.25 Whether serum cystatin C has potential clinical value and could be a useful
prognostic tool in the evaluation of elderly patients needs
to be confirmed in future studies.13,25 The use of serum
creatinine alone may lead to some underrecognition of
renal insufficiency, particularly in elderly subjects, because muscle mass tends to decline with age.26,27 We used
the Cockcroft-Gault equation corrected for body surface area and tubular secretion to estimate eGFR more
accurately in elderly individuals.18,20,26,27 The new MDRD
equation has not yet been validated in elderly individuals and in healthy subjects, and the accuracy of this for-

mula in these populations is still being discussed.21,28,29
Using the MDRD equation in our study yielded similar
results.
In this prospective, population-based study of older
individuals, we found that renal insufficiency was highly
prevalent and predicted the onset of myocardial infarction even in subjects without symptoms or signs of renal disease. The population-attributable risk was substantial and within the range of that of traditional
cardiovascular risk factors. Therefore, the impact of renal insufficiency on the development of coronary heart
disease may be larger than commonly thought. This suggests that assessment and treatment of decreased renal
function at an early stage may help in the prevention of
coronary heart disease.
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