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Background—The prevalence, prognostic import, and impact of renal insufficiency on the benefits of ACE inhibitors and
�-blockers in community-dwelling patients with heart failure are uncertain.

Methods and Results—We analyzed data from a prospective cohort of 754 patients with heart failure who had ejection
fraction, serum creatinine, and weight measured at baseline. Median age was 69 years, and 43% had an ejection fraction
�35%. By the Cockcroft-Gault equation, 118 patients (16%) had creatinine clearances �30 mL/min and 301 (40%) had
creatinine clearances between 30 and 59 mL/min. During follow-up (median 926 days), 385 patients (37%) died. Even
after adjustment for all other prognostic factors, survival was significantly associated with renal function (P�0.002) in
patients with either systolic or diastolic dysfunction; patients exhibited a 1% increase in mortality for each 1-mL/min
decrease in creatinine clearance. The associations with 1-year mortality reductions were similar for ACE inhibitors (OR
0.46 [95% CI 0.26 to 0.82] versus OR 0.28 [95% CI 0.11 to 0.70]) and �-blockers (OR 0.40 [95% CI 0.23 to 0.70] versus
OR 0.41 [95% CI 0.19 to 0.85]) in patients with creatinine clearances �60 mL/min versus �60 mL/min, although these
drugs were used less frequently in patients with renal insufficiency.

Conclusions—Renal insufficiency is more prevalent in patients with heart failure than previously reported and is an
independent prognostic factor in diastolic and systolic dysfunction. ACE inhibitors and �-blockers were associated with
similar reductions in mortality in patients with and without renal insufficiency. (Circulation. 2004;109:1004-1009.)

Key Words: heart failure � kidney � prognosis

Congestive heart failure (CHF) is the fastest-growing
cardiovascular diagnosis in North America; the preva-

lence of symptomatic disease is �2% in adults older than 45
years, the annual incidence is nearly 10 cases/1000 popula-
tion in those older than 65 years, and the lifetime risk of
developing CHF is estimated at 20%.1,2 Despite advances in
diagnosis, therapy, and prognosis over the past 2 decades, the
course of heart failure in many patients continues to be one of
inexorable decline.3

It is important to accurately define prognostic factors in
patients with heart failure to identify high-risk individuals
who require closer follow-up and more intensive intervention.
It is also important to determine whether therapies proven
efficacious in randomized clinical trials are effective in
nontrial patients who are older and often have comorbid
conditions that were exclusion criteria in the trials. Renal
function is an underappreciated prognostic factor in heart
failure,4 and renal insufficiency is commonly viewed as a
relative contraindication to some proven efficacious
therapies.

Although a number of studies have reported that renal
insufficiency is associated with adverse cardiovascular out-

comes, particularly in patients with coronary artery dis-
ease,5–15 the evidence base for patients with heart failure is
less robust for 4 reasons. First, 4 of the 6 studies examining
the association between renal function and outcomes in heart
failure were secondary analyses of clinical trials with re-
stricted eligibility criteria.16–21 For instance, nearly all partic-
ipants in these trials had left ventricular ejection fractions
�35% and serum creatinine levels �2 mg/dL (177 �mol/L).
Moreover, in these studies, fewer than one fourth of the
patients received �-blockers. Thus, the impact of renal
insufficiency has not been elucidated adequately in a repre-
sentative cohort of patients receiving contemporary therapy
for CHF, especially those with abnormal serum creatinine
levels or with diastolic dysfunction (who account for almost
half of heart failure patients in the community).1 Second, only
2 studies adjusted for concomitant hemoglobin values,18,21

although anemia may well confound the relation between
renal insufficiency and outcomes in these patients.22 Third,
the prevalence of renal insufficiency in the broader popula-
tion of patients with heart failure cannot be estimated from
trials with eligibility restrictions. Finally, because few pa-
tients with renal insufficiency were enrolled in the CHF trials,

Received July 8, 2003; de novo received September 25, 2003; accepted November 17, 2003.
From the Division of General Internal Medicine (F.A.M.), the Division of Cardiology (J.E., P.W.A.), and the Division of Nephrology (M.T.), University

of Alberta, Edmonton, Canada.
Correspondence to Dr F. McAlister, 2E3.24 WMC, University of Alberta Hospital, 8440 112 St, Edmonton, Alberta, Canada T6G 2R7. E-mail

Finlay.McAlister@ualberta.ca
© 2004 American Heart Association, Inc.

Circulation is available at http://www.circulationaha.org DOI: 10.1161/01.CIR.0000116764.53225.A9

1004

D
ow

nloaded from
 http://ahajournals.org by on A

pril 17, 2025

http://crossmark.crossref.org/dialog/?doi=10.1161%2F01.CIR.0000116764.53225.A9&domain=pdf&date_stamp=2004-02-09


it is unclear whether ACE inhibitors and/or �-blockers exert
similar benefits in patients with kidney disease as in those
without.23

To examine the prevalence of renal insufficiency in CHF
and determine whether it is independently associated with
prognosis, we analyzed data from a prospective cohort of
patients with heart failure followed up at a specialized clinic.
In addition, we used this data set to explore whether ACE
inhibitors and/or �-blockers had similar effects in patients
with or without renal insufficiency.

Methods
A full description of the University of Alberta Heart Function Clinic
cohort study, including the variables collected and definitions used,
has been published previously.24 In brief, all patients seen between
September 1989 and August 2002 underwent a structured history and
physical examination by a heart failure physician at the time of initial
referral to the clinic to confirm the diagnosis of heart failure, and
demographic, clinical, and laboratory data were collected prospec-
tively at all follow-up visits in those patients confirmed to have heart
failure (n�1042). Objective assessments of left ventricular ejection
fraction were obtained in all patients within 3 months of their
baseline visit. Patients were defined as having diastolic dysfunction
if they had a validated diagnosis of heart failure by the Framingham
criteria and their left ventricular ejection fraction was �50%.25

Vital status as of August 2002 was ascertained by review of the
Alberta Vital Statistics Registry, death certificates, or review of
medical records. Patients without assessment of serum creatinine or
hemoglobin at baseline (n�288) were excluded from subsequent
analyses (but are included in Table 1). This study was approved by
the University of Alberta Clinical Research Ethics Committee.

Glomerular filtration rate at baseline was estimated with the
Cockcroft-Gault equation, which has been validated in patients with
a wide variety of medical diagnoses, and patients were classified into
4 groups: �90, 60 to 89, 30 to 59, and �30 mL/min.26 The
correlation between Cockcroft-Gault creatinine clearance and glo-
merular filtration rate as estimated by the Modification of Diet in
Renal Disease equation26 was high in the cohort in the present study
(r�0.81, P�0.001); creatinine clearances were used for all of the
analyses reported here.

Statistical Analysis
Baseline characteristics of patients in the 4 strata specified above
were compared by �2 test for dichotomous variables and Student’s t
tests for continuous variables. Crude survival curves were generated
by the Kaplan-Meier method and compared with the Mantel-
Haenszel log-rank test. To adjust for differences in baseline clinical
characteristics and concomitant conditions/medications, multiple
logistic regression analysis with the backward stepwise technique
was done to examine prognostic factors for 1-year mortality, select-
ing all clinically important variables and other prespecified factors
with P�0.25 on bivariate analyses and accepting statistical signifi-
cance at P�0.05. All first-order interactions were tested. Logistic
regression models were performed on the entire cohort, and a
stratified analysis was done for systolic and diastolic dysfunction
separately. Cox proportional hazards analyses were done to deter-
mine the association of serum creatinine (run as a continuous
variable) with all-cause mortality (over the entire follow-up period),
adjusted for age, gender, New York Heart Association (NYHA)
class, concomitant medication use, and any other variables that
significantly differed between patients with or without kidney
disease or that predicted mortality in the multivariate model (includ-
ing anemia). The proportional hazards assumption was checked with
a log minus log plot. All analyses were performed with the SPSS
statistical software package (version 11.5).

Results
A total of 1042 of the 1151 patients referred to the clinic met
the Framingham criteria for heart failure. The median age at
baseline was 69 years, 66% were male, 66% had an ischemic
cardiomyopathy, 43% had an ejection fraction �35%, and
76% had NYHA class II or III symptoms at their baseline
visit. The characteristics of the overall cohort are summarized
in Table 1, stratified by creatinine clearance and including
those patients who did not have serum creatinine or hemo-
globin measured at baseline.

Renal insufficiency at baseline was common in the present
cohort: only 17% of patients had creatinine clearances �90
mL/min. Patients with renal insufficiency were older, more
likely to be female, had more symptomatic heart failure, were
more likely to have coronary artery disease or hypertension,
and were less likely to receive ACE inhibitors, �-blockers, or
spironolactone (Table 1). The most frequently prescribed
ACE inhibitors (enalapril, lisinopril, and captopril) and
�-blockers (metoprolol, carvedilol, and bisoprolol) were the
same in patients with and without reduced creatinine
clearances.

During follow-up (median 926 days, interquartile range
318 to 1834 days), 385 patients (37%) died. Survival at 1, 2,
and 5 years for the entire cohort was 73%, 57%, and 26%,
respectively. Survival was significantly associated with cre-
atinine clearance (log rank 27.98, P�0.0001; Figure), even
after adjustment for all other factors associated with out-
comes (Table 2).

On multivariate logistic regression with creatinine clear-
ances �90 mL/min as the referent (and adjustment for age,
gender, NYHA class, hemoglobin, and medications [ACE
inhibitors, �-blockers, and aspirin]), patients with creatinine
clearances �30 mL/min had an elevated risk for 1-year
mortality (OR 2.48 [95% CI 1.20 to 5.12]), as did those with
creatinine clearances of 30 to 59 mL/min (OR 1.70 [95% CI
0.91 to 3.20]). Results were similar in those patients with
systolic (n�555) versus diastolic (n�199) dysfunction. There
was no appreciable interaction between systolic/diastolic
dysfunction, edema, or hemoglobin and the influence of renal
insufficiency on prognosis (tests for interaction P�0.75,
P�0.50, and P�0.64, respectively).

Both ACE inhibitors (OR 0.40 [95% CI 0.24 to 0.66]) and
�-blockers (OR 0.41 [95% CI 0.27 to 0.64]) were associated
with reduced 1-year mortality, even after adjustment for age,
gender, NYHA class, serum creatinine, hemoglobin, and
other medications. Their survival associations were similar in
patients with creatinine clearances �60 mL/min (OR 0.46
[95% CI 0.26 to 0.82] for ACE inhibitors and 0.40 [95% CI
0.23 to 0.70] for �-blockers) and in those patients with
creatinine clearances �60 mL/min (OR 0.28 [95% CI 0.11 to
0.70] for ACE inhibitors and 0.41 [95% CI 0.19 to 0.85] for
�-blockers). There was no statistically significant mortality
interaction between aspirin and ACE inhibitors in the present
study.

The variables entered into the Cox proportional hazards
analysis and those variables that were found to be indepen-
dently associated with all-cause mortality during follow-up
are outlined in Table 2. When this analysis was rerun with
creatinine clearance rather than serum creatinine and adjust-
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ment for all of the Table 2 covariates, it was revealed that for
each 1-mL/min decrease in creatinine clearance, there was a
1% increase in mortality (P�0.001).

Discussion
Renal insufficiency is common in patients with heart
failure, with more than half of the patients in the present

study exhibiting some impairment of kidney function. This
prevalence is higher than that reported in other studies and
reflects the unselected population enrolled in the present
cohort study in contrast to the highly selected nature of
trial participants.27 The present findings are consonant
with the only other study reporting on nontrial participants,
in which 38% of patients admitted to the hospital with

TABLE 1. Baseline Clinical Features of the Cohort, Stratified by Creatinine Clearance

No Baseline
Creatinine
(n�288)

Creatinine Clearance

�90
mL/min
(n�129)

60 to 89
mL/min
(n�206)

30 to 59
mL/min
(n�301)

�30
mL/min
(n�118) P *

Age, y 64 (14) 51 (12) 63 (11) 73 (10) 78 (11) �0.001

Female 34 17 27 38 56 �0.001

NYHA class �0.001

I 17 18 14 4 5 � � �

II 37 42 45 34 25 � � �

III 41 31 35 47 50 � � �

IV 5 9 6 15 19 � � �

Ischemic origin 57 56 68 71 80 �0.001

Hypertension 40 29 25 32 45 0.002

Ejection fraction, % 32 (15) 31 (15) 33 (14) 34 (15) 39 (15) 0.005

Systolic dysfunction 69 77 78 71 68 0.131

Ventricular arrhythmias 17 21 19 23 14 0.156

Atrial arrhythmias 28 23 30 37 31 0.042

COPD 16 3 7 12 9 0.03

Diabetes mellitus 30 23 22 22 25 0.96

Dyslipidemia 8 8 9 7 6 0.76

Weight, kg 80 (18) 62 (12) 71 (14) 82 (15) 96 (19) �0.001

Heart rate, bpm 80 (17) 79 (15) 79 (15) 79 (16) 77 (14) 0.497

Systolic BP, mm Hg 124 (25) 124 (23) 121 (25) 123 (25) 122 (26) 0.674

Diastolic BP, mm Hg 74 (14) 78 (11) 76 (13) 72 (11) 70 (13) �0.001

Edema present 25 18 23 28 28 0.139

Hemoglobin, g/dL � � � 13.9 (1.9) 13.5 (1.8) 13.0 (1.7) 12.1 (1.7) �0.001

Sodium, mmol/L 139 (4) 138 (4) 139 (3) 139 (4) 139 (4) 0.228

Electrocardiogram

LBBB 16 30 32 36 26 0.231

LVH 23 31 33 32 34 0.959

Medications

ACE inhibitors 79 92 93 84 75 �0.001

Angiotensin receptor blockers 6 6 5 4 3 0.422

�-Blockers 47 57 53 40 34 �0.001

Spironolactone 27 12 13 5 4 �0.001

Digoxin 60 62 68 68 64 0.537

Loop diuretics 76 75 85 91 86 �0.001

Other vasodilators 17 10 9 10 11 0.924

Warfarin 39 49 51 51 24 �0.001

Aspirin 54 67 66 74 75 0.138

Amiodarone 11 12 17 15 12 0.541

COPD indicates chronic obstructive pulmonary disease; BP, blood pressure; LBBB, left bundle-branch block; and LVH, left
ventricular hypertrophy.

Values are percents or means (SDs) unless otherwise stated.
*Indicates P value for trend across creatinine clearance strata.
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heart failure were found to have elevated serum creati-
nines.21 The present results confirm prior studies that have
demonstrated that renal impairment is strongly associated
with outcomes in heart failure patients with systolic
dysfunction.16 –21 We have extended the evidence base by
confirming the importance of renal insufficiency in heart
failure patients with diastolic dysfunction and those who
are receiving currently recommended therapies for CHF.
Also, we have confirmed that although anemia is associ-
ated with adverse outcomes, the risks from renal insuffi-
ciency persist even after adjustment for hemoglobin (along
with all other known covariates).

Why is renal insufficiency associated with poorer out-
comes in patients with heart failure? Although it has been
speculated that this may be attributable, at least in part, to
more advanced heart failure, excess comorbidities, and/or
therapeutic nihilism in patients with concomitant renal
insufficiency (who are less likely to receive proven effi-

cacious therapies for either the index condition or the
comorbidities),28 we did adjust for these factors in our
analyses. It has also been speculated that patients with
renal insufficiency are at higher risk for drug toxicities and
thus do not obtain the same benefits from medications
shown to be efficacious in the healthier patients enrolled in
trials.28 However, like investigators from the Cooperative
Cardiovascular Project, we demonstrated similar associa-
tions between survival and the use of ACE inhibitors and
�-blockers in patients with renal insufficiency as in those
patients without renal dysfunction.29 Furthermore, sub-
group analyses from the Heart Outcomes Prevention Eval-
uation (HOPE) and the Cardiac Insufficiency BIsoprolol
Study II (CIBIS II) trial confirmed that ramipril and
bisoprolol were equally efficacious and safe in patients
with and without mild to moderate renal insufficiency.7,30

Studies demonstrating improvements in cardiac function
after renal transplantation in patients with primary kidney
disease suggest that renal insufficiency may be more than
a marker for heart failure severity and instead may play a
causative role in the progression of heart failure.31 For
example, renal insufficiency is associated with multiple
changes in vascular pathobiology that may worsen cardio-
vascular outcomes, including abnormalities in the coagu-
lation/fibrinolytic systems, abnormal vascular calcification
(due to elevated calcium-phosphorus products), endotheli-
al dysfunction, hyperhomocystinemia, insulin resistance,
elevated levels of C-reactive protein, disruptions in the
endothelin/nitric oxide balance, electrolyte perturbations
predisposing to arrhythmias, and hyperactivation of the
sympathetic nervous and renin-angiotensin systems.32 Fi-
nally, because renal blood flow is affected proportionally
to a greater extent than cardiac output in systolic failure, it
is entirely plausible that creatinine clearance would be a
better indicator of functional capacity than any other
clinical or laboratory signs.33

There are some potential limitations with the present
study. First, we used each patient’s baseline weight in
calculating their creatinine clearance. Although fewer than
25% of the patients in the present study were believed to be
fluid overloaded on examination by experienced heart
failure clinicians, it is possible that the baseline weight of
some patients was higher than their true “dry” weights.
This would tend to overestimate each patient’s creatinine
clearance. Also, calculated creatinine clearance tends to
overestimate glomerular filtration rate.34 However, both of
these biases would work to weaken any observed associ-
ation between glomerular filtration rate and cardiovascular
outcomes, which suggests that if anything, the present data
may underestimate the magnitude of the association be-
tween renal function and outcomes. We elected to use the
Cockcroft-Gault formula because the Modification of Diet
in Renal Disease equation has not yet been validated in the
elderly and may not perform well in people with normal
serum creatinine levels.35 Second, we were unable to
adjust for unmeasured confounders (such as C-reactive
protein levels, lipid profiles, or homocysteine levels) that
may be important in the pathobiology of the increased risk
in renal insufficiency. Additional studies are needed to

Survival stratified by baseline creatinine clearance. Log-rank sta-
tistic�27.98 (P�0.0001).

TABLE 2. Multivariate Predictors of All-Cause Mortality During
Median 2.5-Year Follow-Up, by Cox Proportional Hazards Model

Variable P Hazard Ratio 95% CI

Serum creatinine
(per 1-�mol/L increase)

0.002 1.002 1.001–1.003

Age (per 1-year increase) �0.001 1.03 1.02–1.04

Female �0.001 0.63 0.49–0.80

NYHA class III/IV �0.001 1.92 1.52–2.43

�-Blockers �0.001 0.57 0.45–0.72

Spironolactone 0.001 0.13 0.04–0.42

Other vasodilators 0.001 0.41 0.24–0.69

Systolic dysfunction 0.002 1.54 1.18–2.02

ACE inhibitor 0.001 0.60 0.45–0.81

Although only those variables that were statistically significant are reported
in this table, other variables entered in the Cox proportional hazards analysis
included ischemic origin, ejection fraction, weight, diastolic blood pressure,
hemoglobin, serum sodium, presence of edema, use of loop diuretics, and
history of hypertension, ventricular arrhythmias, atrial arrhythmias, or chronic
obstructive pulmonary disease.
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carefully examine baseline differences in these factors in
patients with and without renal insufficiency and the
impact of therapy for these variables on subsequent clini-
cal outcomes. Third, our cohort was derived from patients
referred to our specialized heart failure clinic; as such, it
does not represent an unselected population of CHF
patients. However, our sample is consecutive and similar
demographically and clinically to heart failure cohorts
recruited in the community,1,27,36 the diagnoses of heart
failure and comorbidities were rigorously confirmed at
baseline, left ventricular ejection fraction and serum cre-
atinine were assessed objectively at baseline, and all
clinical and laboratory data were collected prospectively
during follow-up. Indeed, we believe that the data from our
cohort of patients are not subject to the misclassification
biases that may arise when heart failure cohorts are
assembled in the community from multiple physicians and
without objective assessments of left ventricular ejection
fraction. Finally, we did not have any data on urinalyses or
structural abnormalities of the kidneys in these patients;
thus, we cannot definitively classify patients with creati-
nine clearances between 60 and 90 mL/min as having
kidney disease or not. As such, we restricted our estimates
of the prevalence of renal insufficiency and the impact of
kidney disease on the effectiveness of ACE inhibitors and
�-blockers to only those patients with estimated creatinine
clearances �60 mL/min.

In summary, we found a higher prevalence of renal
insufficiency in patients with heart failure than previously
reported. Also, we have shown that renal insufficiency is a
powerful independent prognostic factor in heart failure and
that the association is similar in those patients with
diastolic dysfunction and those with systolic dysfunction.
Finally, we found that ACE inhibitors and �-blockers were
associated with similar reductions in mortality in patients
with and without renal insufficiency but were less often
prescribed in patients with renal insufficiency. We believe
that heart failure patients with renal insufficiency should
be considered high risk irrespective of their functional
class or other cardiovascular risk factors, and as such,
every attempt should be made to maximally apply proven
efficacious therapies in these patients.

Acknowledgments
Dr McAlister is supported by the Alberta Heritage Foundation for
Medical Research and the Canadian Institutes of Health Research; Dr
Ezekowitz is supported by a CIHR/TORCH Strategic Training
Fellowship; and Dr Tonelli is supported by the Alberta Heritage
Foundation for Medical Research.

References
1. Redfield MM, Jacobsen SJ, Burnett JC, et al. Burden of systolic and

diastolic ventricular dysfunction in the community: appreciating the
scope of the heart failure epidemic. JAMA. 2003;289:194–202.

2. Lloyd-Jones DM, Larson MG, Leip EP, et al. Lifetime risk for
developing congestive heart failure: the Framingham Heart Study.
Circulation. 2002;106:3068 –3072.

3. MacIntyre K, Capewell S, Stewart S, et al. Evidence of improving
prognosis in heart failure: trends in case fatality in 66547 patients
hospitalized between 1986 and 1995. Circulation. 2000;102:
1126 –1131.

4. Aaronson KD, Schwartz S, Chen TM, et al. Development and pro-
spective validation of a clinical index to predict survival in ambu-
latory patients referred for cardiac transplant evaluation. Circulation.
1997;95:2660 –2667.

5. Flack JM, Neaton JD, Daniels B, et al. Ethnicity and renal disease:
lessons from the Multiple Risk Factor Intervention Trial and the
Treatment of Mild Hypertension Study. Am J Kidney Dis. 1993;
21(suppl 4):31– 40.

6. Shulman NB, Ford CE, Hall WD, et al. Prognostic value of serum
creatinine and effect of treatment of hypertension on renal function:
results from the Hypertension Detection and Follow-up Program.
Hypertension. 1989;13:I80 –I93.

7. Mann JFE, Gerstein HC, Pogue J, et al. Renal insufficiency as a
predictor of cardiovascular outcomes and the impact of ramipril: the
HOPE randomized trial. Ann Intern Med. 2001;134:629 – 636.

8. Ruilope LM, Salvetti A, Jamerson K, et al. Renal function and
intensive lowering of blood pressure in hypertensive participants of
the Hypertension Optimal Treatment (HOT) Study. J Am Soc Nephrol.
2001;12:218 –225.

9. Fried LF, Shlipak MG, Crump C, et al. Renal insufficiency as a
predictor of cardiovascular outcomes and mortality in elderly indi-
viduals. J Am Coll Cardiol. 2003;41:1364 –1372.

10. Shlipak MG, Simon JA, Grady D, et al. Renal insufficiency and
cardiovascular events in postmenopausal women with coronary heart
disease. J Am Coll Cardiol. 2001;38:705–711.

11. Szczech LA, Best PJ, Crowley E, et al. Outcomes of patients with
chronic renal insufficiency in the Bypass Angioplasty Revasculariza-
tion Investigation. Circulation. 2002;105:2253–2258.

12. Muntner P, He J, Hamm L, et al. Renal insufficiency and subsequent
death resulting from cardiovascular disease in the United States. J Am
Soc Nephrol. 2002;13:745–753.

13. Culleton BF, Larson MG, Wilson PWF, et al. Cardiovascular disease
and mortality in a community-based cohort with mild renal insuffi-
ciency. Kidney Int. 1999;56:2214 –2219.

14. Hemmelgarn BR, Ghali WA, Quan H, et al. Poor long-term survival
after coronary angiography in patients with renal insufficiency. Am J
Kidney Dis. 2001;37:64 –72.

15. Manjunath G, Tighiouart H, Ibrahim H, et al. Level of kidney function
as a risk factor for atherosclerotic cardiovascular outcomes in the
community. J Am Coll Cardiol. 2003;41:47–55.

16. Dries DL, Exner DV, Domanski MJ, et al. The prognostic implications
of renal insufficiency in asymptomatic and symptomatic patients with
left ventricular systolic dysfunction. J Am Coll Cardiol. 2000;35:
681– 689.

17. Hillege HL, Girbes AR, de Kam PJ, et al. Renal function, neuro-
hormonal activation, and survival in patients with chronic heart
failure. Circulation. 2000;102:203–210.

18. Al-Ahmad A, Rand WM, Manjunath G, et al. Reduced kidney
function and anemia as risk factors for mortality in patients with left
ventricular dysfunction. J Am Coll Cardiol. 2001;38:955–962.

19. Mahon NG, Blackstone EH, Francis GS, et al. The prognostic value of
estimated creatinine clearance alongside functional capacity in ambu-
latory patients with chronic congestive heart failure. J Am Coll
Cardiol. 2002;40:1106 –1113.

20. Kearney MT, Fox KA, Lee AJ, et al. Predicting death due to pro-
gressive heart failure in patients with mild-to-moderate chronic heart
failure. J Am Coll Cardiol. 2002;40:1801–1808.

21. McClellan WM, Flanders WD, Langston RD, et al. Anemia and renal
insufficiency are independent risk factors for death among patients
with congestive heart failure admitted to community hospitals: a
population-based study. J Am Soc Nephrol. 2002;13:1928 –1936.

22. Ezekowitz JA, McAlister FA, Armstrong PW. Anemia is common in
heart failure and is associated with poor outcomes: insights from a
cohort of 12 065 patients with new onset heart failure. Circulation.
2003;107:223–225.

23. Shlipak MG. Heart failure pharmacotherapy in patients with renal
insufficiency. Ann Intern Med. 2003;138:917–924.

24. McAlister FA, Teo KK, Taher M, et al. Insights into the contemporary
epidemiology and outpatient management of congestive heart failure.
Am Heart J. 1999;138(pt 1):87–94.

25. Zile MR, Brutsaert DL. New concepts in diastolic dysfunction and
diastolic heart failure, part I: diagnosis, prognosis, and measurements
of diastolic function. Circulation. 2002;105:1387–1393.

1008 Circulation March 2, 2004

D
ow

nloaded from
 http://ahajournals.org by on A

pril 17, 2025



26. K/DOQI clinical practice guidelines for chronic kidney disease: eval-
uation, classification, and stratification. Kidney Disease Outcome
Quality Initiative. Am J Kidney Dis. 2002;39(suppl 2):S1–S246.

27. Krum H, Gilbert RE. Demographics and concomitant disorders in
heart failure. Lancet. 2003;362:147–158.

28. McCullough PA. Why is chronic kidney disease the “spoiler” for
cardiovascular outcomes? J Am Coll Cardiol. 2003;41:725–728.

29. Shlipak MG, Browner WS, Noguchi H, et al. Comparison of the
effects of angiotensin converting-enzyme inhibitors and beta blockers
on survival in elderly patients with reduced left ventricular function
after myocardial infarction. Am J Med. 2001;110:425– 433.

30. Erdmann E, Lechat P, Verkenne P, et al. Results from post-hoc
analyses of the CIBIS II trial: effect of bisoprolol in high-risk patient
groups with chronic heart failure. Eur J Heart Fail. 2001;3:469 – 479.

31. Burt RJ, Gupta-Burt S, Suki WN, et al. Reversal of left ventricular
dysfunction after renal transplantation. Ann Intern Med. 1989;111:
635– 640.

32. McCullough PA. Cardiorenal risk: an important clinical intersection.
Rev Cardiovasc Med. 2002;3:71–76.

33. Cody RJ, Ljungman S, Covit AB, et al. Regulation of glomerular
filtration in chronic congestive heart failure patients. Kidney Int.
1988;34:361–367.

34. Levey AS, Bosch JP, Lewis JB, et al. A more accurate method to
estimate glomerular filtration rate from serum creatinine: a new pre-
diction equation: Modification of Diet in Renal Disease Study Group.
Ann Intern Med. 1999;130:461– 470.

35. Bostom AG, Kronenberg F, Ritz E. Predictive performance of renal
function equations for patients with chronic kidney disease and
normal serum creatinine levels. J Am Soc Nephrol. 2002;13:
2140 –2144.

36. Johansson S, Wallander MA, Ruigomez A, et al. Incidence of newly
diagnosed heart failure in UK general practice. Eur J Heart Fail.
2001;3:225–231.

McAlister et al Renal Insufficiency and Heart Failure 1009

D
ow

nloaded from
 http://ahajournals.org by on A

pril 17, 2025


