
 

n engl j med 

 

351;13

 

www.nejm.org september 

 

23, 2004

 

1285

 

The

 

 new england

journal 

 

of

 

 medicine

 

established in 1812

 

september

 

 

 

23

 

, 

 

2004

 

vol. 351 no. 13 

 

Relation between Renal Dysfunction and Cardiovascular 
Outcomes after Myocardial Infarction

 

Nagesh S. Anavekar, M.D., John J.V. McMurray, M.D., Eric J. Velazquez, M.D., Scott D. Solomon, M.D., 
Lars Kober, M.D., D.Sc., Jean-Lucien Rouleau, M.D., Harvey D. White, D.Sc., Rolf Nordlander, M.D., 

Aldo Maggioni, M.D., Kenneth Dickstein, M.D., Steven Zelenkofske, D.O., Jeffrey D. Leimberger, Ph.D., 
Robert M. Califf, M.D., and Marc A. Pfeffer, M.D., Ph.D.

abstract

 

From the Cardiovascular Division, Brigham
and Women’s Hospital, Boston (N.S.A.,
S.D.S., M.A.P.); the Department of Cardi-
ology, Western Infirmary, Glasgow, Scotland
(J.J.V.M.); Duke University Medical Center,
Durham, N.C. (E.J.V., J.D.L., R.M.C.); the
Department of Cardiology, Rigshospitalet,
Copenhagen (L.K.); the Montreal Heart In-
stitute, Montreal (J.-L.R.); the Department
of Cardiology, Green Lane Cardiovascular
Service, Auckland City Hospital, Auckland,
New Zealand (H.D.W.); the Department of
Cardiology, Stockholm South Hospital,
Stockholm (R.N.); the Associazione Nazi-
onale Medici Cardiologi Ospedalieri Re-
search Center, Florence, Italy (A.M.); the
Department of Cardiology, Central Hospi-
tal in Rogaland, Stavanger, Norway (K.D.);
and Novartis Pharmaceuticals, East Han-
over, N.J. (S.Z.). Address reprint requests to
Dr. Pfeffer at the Cardiovascular Division,
Brigham and Women’s Hospital, 75 Francis
St., Boston, MA 02115, or at mpfeffer@rics.
bwh.harvard.edu.

N Engl J Med 2004;351:1285-95.

 

Copyright © 2004 Massachusetts Medical Society.

 

background

 

The presence of coexisting conditions has a substantial effect on the outcome of acute
myocardial infarction. Renal failure is associated with one of the highest risks, but the
influence of milder degrees of renal impairment is less well defined.

 

methods

 

As part of the Valsartan in Acute Myocardial Infarction Trial (VALIANT), we identified
14,527 patients with acute myocardial infarction complicated by clinical or radiologic
signs of heart failure, left ventricular dysfunction, or both, and a documented serum cre-
atinine measurement. Patients were randomly assigned to receive captopril, valsartan, or
both. The glomerular filtration rate (GFR) was estimated by means of the four-compo-
nent Modification of Diet in Renal Disease equation, and the patients were grouped ac-
cording to their estimated GFR. We used a 70-candidate variable model to adjust and
compare overall mortality and composite cardiovascular events among four GFR groups.

 

results

 

The distribution of estimated GFR was wide and normally shaped, with a mean (±SD)
value of 70±21 ml per minute per 1.73 m

 

2 

 

of body-surface area. The prevalence of co-
existing risk factors, prior cardiovascular disease, and a Killip class of more than I was
greatest among patients with a reduced estimated GFR (less than 45.0 ml per minute
per 1.73 m

 

2

 

), and the use of aspirin, beta-blockers, statins, or coronary-revasculariza-
tion procedures was lowest in this group. The risk of death or the composite end point
of death from cardiovascular causes, reinfarction, congestive heart failure, stroke, or
resuscitation after cardiac arrest increased with declining estimated GFRs. Although
the rate of renal events increased with declining estimated GFRs, the adverse outcomes
were predominantly cardiovascular. Below 81.0 ml per minute per 1.73 m

 

2

 

, each reduc-
tion of the estimated GFR by 10 units was associated with a hazard ratio for death and
nonfatal cardiovascular outcomes of 1.10 (95 percent confidence interval, 1.08 to 1.12),
which was independent of the treatment assignment.

 

conclusions

 

Even mild renal disease, as assessed by the estimated GFR, should be considered a major
risk factor for cardiovascular complications after a myocardial infarction.
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he national kidney foundation

 

defines chronic kidney disease as persis-
tent kidney damage, as reflected by a glo-

merular filtration rate (GFR) of less than 60.0 ml
per minute per 1.73 m

 

2

 

 of body-surface area for
more than three months.

 

1

 

 This definition encom-
passes at least 11 million people in the United States,
and the number is rising.

 

2,3

 

 Community studies re-
veal a rising prevalence of cardiovascular disease
with declining renal function.

 

4-6

 

 Patients with end-
stage renal disease, as defined by a GFR of less than
10.0 ml per minute per 1.73 m

 

2

 

, are at high risk for
cardiovascular events, especially if they are receiv-
ing renal-replacement therapy.

 

7

 

 More than 50 per-
cent of deaths among patients with end-stage renal
disease are due to cardiovascular events.

 

8

 

The risk of subsequent cardiovascular events is
higher among patients with chronic kidney disease
than among persons with normal renal function.

 

9,10

 

The two-year mortality rate after myocardial infarc-
tion among patients with end-stage renal disease
is approximately 50 percent — twice the mortality
rate after myocardial infarction in the general pop-
ulation.

 

11

 

 Possible explanations include higher pro-
portions of coronary risk factors and lower use of
strategies to modify cardiovascular risk.

 

1

 

Limited information exists on the risks associ-
ated with lesser degrees of chronic kidney disease
in patients who have had an acute myocardial in-
farction. The majority of what is known relates to
the serum creatinine level, which is an insensitive
indicator of renal function. Furthermore, the small
number of studies conducted have had relatively
short follow-up periods and have concentrated on
fatal outcomes. Finally, only a small proportion of
patients in these studies have been taking an inhib-
itor of the renin–angiotensin system. These drugs
reduce cardiovascular risk and are nephroprotec-
tive. We evaluated the prevalence of chronic kidney
disease using the estimated GFR in high-risk survi-
vors of myocardial infarction to determine whether
chronic kidney disease continues to be an indepen-
dent predictor of nonfatal and fatal adverse out-
comes in patients who are receiving inhibitors of
the renin–angiotensin system.

 

patients

 

The Valsartan in Acute Myocardial Infarction Trial
(VALIANT) was a multinational, double-blind, ran-
domized, controlled trial with three parallel treat-

ment groups that compared the efficacy and safety
of long-term treatment with valsartan, captopril,
and the two in combination. Eligible patients in-
cluded men and women 18 years of age or older
who had had an acute myocardial infarction (0.5 to
12 days previously) complicated by clinical or radio-
logic signs of heart failure, left ventricular systolic
dysfunction, or both.

 

12

 

 Patients with a baseline se-
rum creatinine level of at least 2.5 mg per deciliter
(221 µmol per liter) were excluded.

 

 

 

The median du-
ration of follow-up was 24.7 months, with a maxi-
mum of 16 visits. All patients gave their written in-
formed consent, and the protocol was approved by
the appropriate institutional review boards.

 

treatment

 

Eligible patients were randomly assigned in a 1:1:1
ratio to receive valsartan (target dose, 160 mg twice
daily), captopril (target dose, 50 mg three times dai-
ly), or a combination of valsartan and captopril (tar-
get dose, 80 mg twice daily and 50 mg three times
daily, respectively).

 

12

 

gfr measurement

 

The GFR is considered most suitable for quantify-
ing renal function.

 

13

 

 Practical limitations exist in
measuring GFR directly, especially in acutely ill
patients. Several reliable equations incorporating
clinical variables to estimate the GFR are available;
we used the Modification of Diet in Renal Disease
(MDRD) equation.

 

13

 

outcomes

 

The primary end point was death from any cause.

 

12

 

Secondary end points included death from cardio-
vascular causes, congestive heart failure, recurrent
myocardial infarction, resuscitation after cardiac
arrest, stroke, and a composite of these.

 

12

 

statistical analysis

 

Patients were categorized according to the estimat-
ed GFR at baseline with the use of the four-compo-
nent MDRD equation incorporating age, race, sex,
and serum creatinine level

 

13

 

:
estimated GFR=186¬(serum creatinine level

[in milligrams per deciliter])

 

¡1.154

 

¬(age [in years])

 

¡0.203

 

.
For women and blacks, the product of this equa-
tion was multiplied by a correction factor of 0.742
and 1.21, respectively.

 

13

 

 A total of 14,527 patients
had baseline creatinine values recorded a mean of
4.9 days after myocardial infarction. The distribu-

t

methods
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tion of the estimated GFR was divided into four
categories (less than 45.0, 45.0 to 59.9, 60.0 to 74.9,
and at least 75.0 ml per minute per 1.73 m

 

2

 

), in-
corporating the guidelines of the National Kid-
ney Foundation.

 

1

 

 Clinical outcomes included death
from any cause and the cardiovascular composite
end point. The estimated GFR is presented in cate-
gories for descriptive purposes but was a continu-
ous measure in statistical tests. Baseline charac-
teristics were analyzed with the use of Spearman’s
rank correlation and the Wilcoxon rank-sum test
for continuous and categorical variables, respective-
ly. Cox proportional-hazards modeling was used to
compare clinical outcomes. Candidate variables in-
cluded 70 baseline characteristics. For continuous
variables, the Cox-model assumption of linearity
between the variable and the logarithmic hazard ra-
tio of the outcome was assessed by fitting restrict-
ed cubic splines in the model. These functions were
graphically and statistically examined, and appro-
priate transformations were applied.

 

14

 

 Stepwise
elimination and backward selections were used to
select the most parsimonious set of predictive vari-
ables. Treatment effects were then added to obtain
the model reported here (see the Appendix). Kap-
lan–Meier estimates, stratified according to the es-
timated GFR, for death from any cause and the car-
diovascular composite end point were determined
and presented as event curves. All P values were
two-sided, and a P value of less than 0.05 was con-
sidered to indicate statistical significance. Analyses
were performed with the use of SAS software (ver-
sion 6.0).

 

baseline characteristics

 

The baseline estimated GFR for the 14,527 pa-
tients was normally distributed (Fig. 1). The mean
(±SD) estimated GFR was 70.2±21.3 ml per minute
per 1.73 m

 

2

 

 (range, 7.6 to 139.8). A total of 5560
(38.3 percent) patients had an estimated GFR of
at least 75.0 ml per minute per 1.73 m

 

2

 

, 4105 (28.3
percent) had an estimated GFR of 60.0 to 74.9 ml
per minute per 1.73 m

 

2

 

, 3218 (22.2 percent) had an
estimated GFR of 45.0 to 59.9 ml per minute per
1.73 m

 

2

 

, and 1644 (11.3 percent) had an estimated
GFR of less than 45.0 ml per minute per 1.73 m

 

2

 

.
Despite the use of a serum creatinine level of at
least 2.5 mg per deciliter as an exclusion criterion,
4882 (33.6 percent) patients met the estimated GFR
criteria for chronic kidney disease. The absolute

difference in the mean serum creatinine level be-
tween the groups was 0.2 to 0.4 mg per deciliter
(18 to 35 µmol per liter).

The proportions of patients with coexisting con-
ditions at baseline increased with decreasing esti-
mated GFRs (Table 1). Patients in the lowest cate-
gory of estimated GFR had the highest rates of
hypertension, diabetes, prior myocardial infarc-
tion, prior congestive heart failure, and clinical ev-
idence of left ventricular systolic dysfunction. The
proportions of patients who were receiving cardio-
vascular pharmacotherapies (aspirin, beta-blockers,
and statins) at baseline, as well as those who had
undergone coronary revascularization, decreased
with decreasing estimated GFRs. Although a lower
estimated GFR was associated with increasing age
and female sex, these variables were used in the de-
termination of estimated GFR.

 

outcomes

 

Decreasing estimated GFRs were associated with
increasing mortality rates (Fig. 2A). Unadjusted
Kaplan–Meier estimates of three-year mortality rates
were 14.1 percent (95 percent confidence interval,
13.0 to 15.2) in the group with an estimated GFR of
at least 75.0 ml per minute per 1.73 m

 

2

 

, 20.5 per-
cent (95 percent confidence interval, 18.8 to 22.2) in
the group with an estimated GFR of 60.0 to 74.9 ml
per minute per 1.73 m

 

2

 

, 28.9 percent (95 percent
confidence interval, 27.0 to 30.8) in the group
with an estimated GFR of 45.0 to 59.9 ml per min-
ute per 1.73 m

 

2

 

, and 45.5 percent (95 percent con-
fidence interval, 42.1 to 48.9) in the group with an

results

 

Figure 1. Distribution of Estimated GFR at Baseline among the 14,527 Patients.
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estimated GFR of less than 45.0 ml per minute
per 1.73 m

 

2

 

.
There was a wide spectrum of risk across the

categories of estimated GFR, with early divergence
of the Kaplan–Meier curves for the composite end
point (Fig. 2B). The composite cardiovascular end
point and its individual components were more
common among patients with a lower estimated
GFR at baseline than among those with the highest
estimated GFR (P<0.001 by the Cox model) (Fig. 3).

Using the group with an estimated GFR of at
least 75.0 ml per minute per 1.73 m

 

2

 

 as the refer-
ence group yielded unadjusted hazard ratios for
death from any cause and the composite end point
that increased as the degree of renal impairment
increased (Table 2). In the adjusted model (the co-
variates used are listed in the Appendix), groups
with a lower estimated GFR at baseline had worse
outcomes than the reference group (Table 2). In the
group with the lowest estimated GFR, the adjust-
ed hazard ratio for adverse cardiovascular events
was 1.49 (95 percent confidence interval, 1.35 to
1.65; P<0.001), as compared with 1.10 (95 percent
confidence interval, 1.02 to 1.19) in the group with
mild renal impairment (GFR, 60.0 to 74.9 ml per
minute per 1.73 m

 

2

 

). When modeled as univariate

continuous variables (Fig. 4), a curvilinear rela-
tionship was seen between the hazard ratio and the
estimated GFR, with an estimated GFR of 75.0 ml
per minute per 1.73 m

 

2

 

 used as the reference value.
In the adjusted model, for baseline estimated GFR
values below 81.0 ml per minute per 1.73 m

 

2

 

, each
10-unit decrease in the value was associated with
a hazard ratio of 1.10 (95 percent confidence inter-
val, 1.08 to 1.12; P<0.001) for death and nonfatal
cardiovascular complications. This persisted after
adjustment for treatment assignment — none of
the treatments (captopril alone, valsartan alone, or
combination therapy) altered the association of the
baseline estimated GFR with cardiovascular out-
comes.

Overall, there were few adverse renal events.
Only 84 hospitalizations were attributed to renal
problems, as compared with 10,394 adverse cardio-
vascular events. The group with the lowest esti-
mated GFR had the highest percentage of patients
with renal events that led to the discontinuation of
the study drug (5.0 percent vs. 0.2 percent, P<0.001).
Hyperkalemia requiring discontinuation of the
study drug was more common in the group with
the lowest estimated GFR than in the group with
the highest estimated GFR (0.7 percent vs. 0.1 per-
cent, P<0.001).

The Joint National Committee for Detection and
Treatment of Hypertension recognizes chronic kid-
ney disease as an independent cardiovascular risk
factor. We found that preexisting renal disease was
a common and significant independent risk factor
for adverse events in patients who had had a myo-
cardial infarction complicated by heart failure, left
ventricular systolic dysfunction, or both. Approx-
imately one third had an estimated GFR sugges-
tive of chronic kidney disease, a higher incidence
than has been reported in previous cardiovascular
trials.

 

10,15-19

 

Some prior studies have used the serum creat-
inine level rather than the estimated GFR to de-
tect renal dysfunction. The accuracy of the serum
creatinine level as a marker of renal function is
limited, owing to nonlinear associations with GFR
that vary according to age, sex, race, and lean body
mass.

 

10,16,17

 

 Consequently, the National Kidney
Foundation uses GFR rather than the serum creat-
inine level to define renal dysfunction.

 

1,17

 

 Limita-
tions of the use of the serum creatinine level were

discussion

 

Figure 3. Kaplan–Meier Estimates of the Rates of Death at Three Years from 
Cardiovascular (CV) Causes, Reinfarction, Congestive Heart Failure (CHF), 
Stroke, Resuscitation after Cardiac Arrest, and the Composite End Point, 
According to the Estimated GFR at Baseline.

 

Data on patients with noncardiovascular events were censored. The P value 
is from the Cox model.
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evident in our cohort, since differences in the levels
between groups appeared small, whereas differ-
ences in cardiovascular risk were large. The use of
estimated GFR revealed wider differences in renal
function, and these differences paralleled the dif-
ferences in cardiovascular risk.

Explanations for the higher frequency of renal
dysfunction in our cohort than in previous cohorts
include possible selection bias for patients with
nearly normal renal function in other studies and
an increasing incidence of chronic kidney disease.
This possibility is partly accounted for by increas-
ing rates of hypertension and diabetes mellitus.

 

2,11

 

As compared with other studies of patients with
a recent myocardial infarction, our patients had a
higher prevalence of renal dysfunction, suggesting
that acute myocardial infarction complicated by left
ventricular dysfunction, with or without heart fail-
ure, causes greater hemodynamic compromise and
reduced renal perfusion.

We have shown not only that high-risk survi-
vors of myocardial infarction have a high incidence
of renal dysfunction, which is often missed with the
use of serum creatinine measurements, but also
that this dysfunction is a powerful independent
predictor of fatal and nonfatal adverse cardiovas-
cular outcomes. The presence of mild-to-moder-
ate renal impairment after myocardial infarction
increases the rate of adverse outcomes at 30 and
180 days.

 

6,9,18-20

 

 Because previous studies used
smaller cohorts and excluded patients with renal
impairment, longer-term data on outcomes among
patients with myocardial infarction are limited, par-
ticularly in relation to broad spectrums of renal dys-
function. Most previous studies focused on mor-
tality, with limited information on nonfatal events.
Our analysis of a cohort with a broad spectrum of
renal function indicates that any short-term risk of
complications and death from cardiovascular caus-
es that is present at baseline persists in the long-
er term.

Three large-scale studies have examined the
relationship between renal function and cardio-
vascular outcomes in patients with left ventricular
systolic dysfunction: the Studies of Left Ventricular
Dysfunction (SOLVD), Trandolapril Cardiac Eval-
uation (TRACE), and Survival and Ventricular En-
largement (SAVE) trials.

 

21-23

 

 Like our trial, these
trials also excluded patients with baseline serum
creatinine levels of at least 2.5 mg per deciliter, and
the SOLVD and SAVE studies used the MDRD equa-
tion to estimate GFR. In these studies, reduced
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renal function was independently associated with
an increased risk of death and cardiovascular
events.

 

21-23

 

 Despite the fact that our study differed
from these studies, in that all patients received in-
hibitors of the renin–angiotensin system and man-
agement was more modern, we found similar as-
sociations between renal function and the risk of
death and adverse cardiovascular outcomes.

The use of Framingham scores underestimates
cardiovascular risk in patients with chronic kid-
ney disease,

 

24

 

 suggesting that other factors are also
influential. After adjustment, a low estimated GFR
was independently associated with an increased
risk of death and complications from cardiovas-
cular causes, reinforcing the concept that renal dis-
ease is a risk factor for cardiovascular events. Sev-
eral studies have suggested that cutoff values for
an estimated GFR of less than 60.0 ml per minute
per 1.73 m

 

2

 

 are predictive of adverse cardiovascu-
lar outcomes.

 

13,24,25

 

 Our findings suggest that pa-
tients with renal impairment already have an in-
creased risk of cardiovascular events and that this
risk increases with worsening renal function.

Mechanisms by which renal dysfunction in-
creases cardiovascular risk are under investigation.
The progressive increase in cardiovascular risk
with worsening estimated GFR is partly explained
by factors associated with renal decline, including
anemia, oxidative stress, derangements in calci-
um–phosphate homeostasis, inflammation, and

conditions promoting coagulation, all of which are
associated with accelerated atherosclerosis and
endothelial dysfunction.

 

2-5

 

 Other nonconventional
risks that progressively increase with renal decline
include albuminuria, proteinuria, homocysteine-
mia, and elevated uric acid levels.

 

1,4

 

The high prevalence of traditional coronary risk
factors among patients with chronic kidney disease
has been noted previously.

 

1,4

 

 Patients with renal
impairment have multiple coexisting conditions
and angiographic evidence of severe and diffuse
coronary artery disease.

 

18

 

 In our cohort, the pro-
portions of patients with hypertension and diabe-
tes mellitus increased with worsening estimated
GFR. Many coronary risk factors, particularly dia-
betes mellitus and hypertension, are established
predictors for the progression of renal disease.

 

4

 

Synergism exists when conventional coronary risk
factors perpetuate renal disease, and progressive
renal decline increases the potency of such risk
factors.

We found that older age and female sex were
associated with a worsening estimated GFR. As in
most studies of patients with myocardial infarction,
the proportion of women was greater in the older
age groups. By design, these variables reduce the
estimated GFR when the MDRD equation is used,
explaining the observed bias. However, several stud-
ies have documented age as a risk factor for car-
diovascular and renal disease.

 

3,5

 

The proportion of patients with chronic kidney
disease who receive appropriate risk-factor modi-
fication and intervention is lower than in the gen-
eral population, a concept termed “therapeutic ni-
hilism.”

 

2

 

 Many databases and registries have shown
that this parallels worsening renal function.

 

26,27

 

Among patients with end-stage renal disease, who
are known to be at extreme risk for cardiovascu-
lar events, less than 50 percent are taking a com-
bination of aspirin, beta-blockers, angiotensin-
converting–enzyme inhibitors, and statins.

 

28,29

 

 In
our study, patients in the lowest tier of renal func-
tion were the least likely to receive risk-modifying
cardiovascular medications and to undergo coro-
nary revascularization. Potential reasons include
concern about worsening renal function and ther-
apy-related toxic effects related to reduced clear-
ance.

 

1,16,30,31

 

 However, studies show that, when
appropriately monitored, cardiovascular medica-
tions and coronary interventional strategies used
in the general population can safely be adminis-
tered to those with renal impairment and yield

 

Figure 4. Unadjusted Hazard Ratio for Death from Any Cause, According to the 
Estimated GFR at Baseline.

 

The estimated hazard ratio (middle curve) is shown with the 95 percent con-
fidence limits (upper and lower curves).
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similar benefits.

 

24,25,32-36

 

 Our understanding of
the efficacy and safety of cardiovascular medica-
tions and interventional strategies in these patients
is limited, and many cardiovascular trials have ex-
cluded patients with renal disease.

 

37

 

 Greater ef-
forts are needed to reduce this therapeutic gap.

Blockade of the renin–angiotensin system with
either angiotensin-converting–enzyme inhibitors
or angiotensin-receptor blockers reduces the pro-
gression of renal disease.

 

11,38

 

 Although dual block-
ade may provide more renal benefit than monother-
apy, data are limited.

 

39

 

 Whether improvements in
renal function translate into improved cardiovas-
cular risk is not clearly understood.

 

40,41

 

 In VALIANT,
all patients received effective inhibitors of the re-
nin–angiotensin system, yet a lower baseline esti-
mated GFR was still associated with adverse car-
diovascular outcomes. Although patients with renal
dysfunction are at risk for adverse cardiovascular
and renal outcomes,

 

1

 

 the predominant clinical ef-
fect of chronic kidney disease is on cardiovascu-
lar events.

 

11

 

 The results of our study support such
findings: the risk of hospitalization for renal caus-
es increased with worsening estimated GFR, and
the absolute risk was still significantly lower than
the risk of cardiovascular events. In terms of car-
diovascular outcomes, VALIANT documented that
valsartan monotherapy had the same therapeutic
benefits as captopril, and the combination increased
the rate on discontinuation of treatment without
further improving survival.

 

12

 

 The absence of an in-
teraction between treatment and the baseline esti-
mated GFR may reflect the fact that the three ap-
proaches to the inhibition of the renin–angiotensin
system have similar effects. However, this does not
completely eliminate the association of baseline
estimated GFR with cardiovascular outcomes. In
the absence of the use of a placebo group, we can-
not speak about what this effect may be.

Our study has several limitations. First, we can-
not comment on the effect of the duration of renal
dysfunction on the risk of adverse cardiovascular
outcomes. Second, we did not address the influ-
ence of changes in renal function on risk, possibly
related to therapy. Third, we could not evaluate the
role of nephropathy induced by contrast medium

administered before serum creatinine was mea-
sured. Fourth, although the MDRD equation is a
reliable means of estimating the GFR, it has limita-
tions, because the serum creatinine level is influ-
enced by nonrenal factors; the accuracy of the use
of the MDRD equation for nonwhite populations
other than blacks is unknown. Finally, we did not
measure the rates of urinary albumin or protein
excretion, factors that may drive the documented
independent effect of the baseline estimated GFR
on cardiovascular outcomes. Other renal-specific
factors that were not included in our model may
also change the influence of the estimated GFR on
cardiovascular outcomes.

The presence of renal impairment that meets
the criteria for chronic kidney disease is becoming
common and is a significant independent risk fac-
tor for cardiovascular events among patients who
have had a myocardial infarction complicated by
heart failure, left ventricular systolic dysfunction,
or both, as compared with patients with preserved
renal function. This risk is progressive; we found
that below 81.0 ml per minute per 1.73 m2, each
10-unit reduction in the baseline estimated GFR
was associated with a 10 percent increase in the rel-
ative risk of death or nonfatal cardiovascular com-
plications. The proportions of adverse renal events
were still relatively small; patients have a higher
risk of cardiovascular events than adverse renal out-
comes. Among patients who have had a myocardial
infarction, any degree of preexisting renal impair-
ment should be considered a potent, independent,
and easily identifiable risk factor for cardiovascular
complications.
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appendix

The following variables were used in the final multivariable models (asterisks denote terms that were kept in the final cardiovascular-events
models, and daggers terms that were kept in the final mortality model):

Continuous — age (in years),*† height (in centimeters), weight (in kilograms),*† systolic blood pressure (in millimeters of mercury),
diastolic blood pressure (in millimeters of mercury), heart rate (in beats per minute),*† pulse pressure,*† mean arterial pressure, time to
randomization (in hours), and estimated GFR (in milliliters per minute per 1.73 m2)*†; categorical — demographic: white race,* sex,* geo-
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graphic region,*† and treatment assignment*†; coronary risk factors: presence or absence of hypertension,* diabetes mellitus,* dyslip-
idemia, and smoking (current*† or previous*); medical history: presence or absence of angina pectoris,*† unstable angina,* myocardial in-
farction,*† heart failure,*† transient ischemic attacks,* stroke,*† peripheral vascular disease,*† atrial fibrillation, renal disease, pulmonary
disease,*† alcohol abuse,† cancer, hospitalizations within the prior six months,*† angioplasty, coronary-artery bypass grafting,* and an
implantable defibrillator; procedures or events from the time of the qualifying myocardial infarction to randomization: presence or absence
of coronary angiography, primary angioplasty,*† thrombolysis,*† angioplasty,*† coronary-artery bypass grafting,*† pacemaker, implant-
able defibrillator, intraaortic balloon pump, angina, heart failure,*† atrial fibrillation,*† ventricular fibrillation, ventricular tachycardia, re-
nal insufficiency,*† dyslipidemia,* hypertension, and diabetes*†; and characteristics at randomization: Killip class*† and presence or ab-
sence of anterior myocardial infarction,*† inferior myocardial infarction, left bundle-branch block,*† Q waves on electrocardiograms, and
radiologic evidence of heart failure.
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