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etween renal impairment and mortality in HF patients.
itles and abstracts of all articles identified by the search

trategy were evaluated and rejected on initial screen if they:
) included subjects other than HF patients; 2) did not define
F using a combination of symptoms and signs (dyspnea,

eripheral edema, third heart sound, jugular venous distention,
imited exercise tolerance, or documented New York Heart
ssociation [NYHA] functional class), imaging (documented
ulmonary congestion or impaired ejection fraction), or
edical record diagnosis by International Classification of
iseases-9; 3) had no evaluation of renal function; 4) did not

nclude all-cause mortality as a primary outcome; 5) were
ublished only in abstract form, because validity and quality of
ethods could not be adequately assessed and scored; or 6)

ncluded patients �18 years old. A Quality of Reporting of
eta-analyses (9) flow diagram illustrates the study selection

rocess (Fig. 1). Excluded were studies with �6 months
ollow-up (10,11) and a study that defined renal impairment
sing International Classification of Diseases-9 code but no
irect serum measures (12).
uality assessment and data abstraction. The quality of

ach study was evaluated according to the guidelines developed
y the United States Preventive Task Force (13) and the
vidence-Based Medicine Working Group (14). We assessed

or the following seven characteristics: 1) the inclusion of
ossible confounders in multivariable analysis; 2) recording
f loss to follow-up rates; 3) blind and 4) consistent method of
ssessing renal function and outcomes in all risk groups;
) follow-up of at least six months; 6) temporality (renal
unction measured at baseline, not at time of outcomes assess-
ent); and 7) dose-response evaluation (assessment over a

pectrum of renal function). Studies were graded as good
uality if they met 5 to 7 criteria; fair if they met 2 to 4; and
oor if they met �1 criterion.
enal function. Measures of renal function included

erum-measured creatinine and cystatin-C or creatinine-
ased estimated CrCl using the Cockcroft-Gault equation
15) and eGFR using the Modification of Diet in Renal
isease equation (16). Renal impairment definitions were

ased on categorizations available in the published studies
ather than on empiric re-categorization of raw data, which
ere not available for this analysis. Any (mild to severe)

Abbreviations and Acronyms
ACE � angiotensin-converting enzyme
CI � confidence interval
CrCl � creatinine clearance
eGFR � estimated glomerular filtration rate
HF � heart failure
HR � hazard ratio
NYHA � New York Heart Association
OR � odds ratio
RR � risk ratio
enal impairment was defined as all categories of renal
F
d

content.onlinejacDownloaded from 
unction other than the baseline category (lowest tertile,
uartile, and so on), which corresponded to creatinine �1.0
g/dl, CrCl or eGFR �90 ml/min, or cystatin-C �1.03
g/dl. Moderate to severe renal impairment was defined as

he worst category of renal function (highest tertile, quartile,
tc.), which corresponded to creatinine �1.5, CrCl or
GFR �53, or cystatin-C �1.56. The definitions based on
GFR are similar to categories proposed by the National
idney Foundation for stage 2 or worse chronic kidney
isease (eGFR �90) and stage 3 or worse disease (eGFR
60). National Kidney Foundation staging does not pro-

ide equivalent measures for creatinine and cystatin-C, and
hus the “equivalent” definitions for our analysis were based
n patient distributions (percentiles), as defined in the
ndividual studies. Additionally, for our analysis, we evalu-
ted worsening renal function in hospital and defined this as
change in creatinine �0.3 mg/dl.
utcomes. The primary outcome was all-cause mortality,

etermined by individual study methods, including review
f Medicare databases, death certificates, hospital records,
r follow-up with proxy contacts. Secondary outcomes were
lso evaluated. Cardiovascular mortality (all cardiovascular
ortality and HF or pump failure mortality) was deter-
ined according to individual study methods, including

ommittee consensus regarding data from death certificates,
ospital records, or follow-up with proxy contacts; hospital
dmissions/readmissions by review of Medicare databases,
ospital administrative data, or by committee consensus
egarding data from follow-up patient interviews and review
f hospital records; hospital costs by review of Medicare
atabases or hospital administrative data; and functional
ecline by validated functional status scales such as NYHA
unctional class or activities of daily living assessment (17).
tatistical analysis. Fixed effects meta-analysis was con-
ucted to estimate the magnitude of risk associated with
igure 1. Quality of Reporting of Meta-Analyses (QUOROM) flow
iagram for study selection. HF � heart failure.
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Table 1. Included Studies: Study Design, Quality, and Exclusions

Dries
et al.
(19)
2000

Hillege
et al.

(2)
2000

Krumholz
et al.
(25)
2000

Al-Ahmad
et al.
(20)
2001

Marenzi
et al.
(28)
2001

Mahon
et al.
(21)
2002

McClellan
et al.
(26)
2002

Smith
et al.
(27)
2003

Akhter
et al.
(22)
2004

Bibbins-Domingo
et al.

(3)
2004

McAlister
et al.
(29)
2004

Shlipak
et al.

(4)
2004

Smilde
et al.
(23)
2004

Smilde
et al.
(24)
2004

Shlipak
et al.
(30)
2005

Smith
et al.

(5)
2004

Study design
2° RCT

DIG x
Substudy x
DIMT x
HERS x
PRIME II x
IDC/CAD strata x
SOLVD x
Prevention x
Treatment x
VMAC x
Community cohort x
Hospital cohort x x x
Outpatient cohort x x

Study quality
Good x x x x x x x x x x x x x x x
Fair x

Exclusions
Age, yrs

�70 x
�79 x
�80 x x

Creatinine, mg/dl
�2.0 x
�2.5 x
�3.0 x
History of chronic

dialysis
x

None x x x x x x x x

Total study population 80,098, as patients from DIG (Mahon et al. [21] 2002, Shlipak et al. [4] 2004) and from PRIME-II (Hillege et al. [2] 2000, Smilde [24] 2004) counted only once. Quality based on U.S. Preventive Task Force
(USPTF) and the Evidence-Based Medicine Working Group criteria.

2° RCT � secondary analysis of randomized clinical trial; DIG � Digitalis Investigation Group; DIMT � Dutch Ibopamine Multicenter Trial; IDC � idopathic cardiomyopathy; PRIME II � Second Prospective Randomized study
of Ibopamine on Mortality and Efficacy; SOLVD � Studies Of Left Ventricular Dysfunction; VMAC � Vasodilatation in the Management of Acute Congestive Heart Failure trial.
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enal impairment and all-cause mortality, as measured by
ombined crude mortality risks and unadjusted risk ratios
RR), and combined adjusted hazard ratios (HR) with 95%
onfidence intervals (CI). Adjusted risk estimates included
hose published in final multivariate models for each study,
hich considered confounding from sociodemographic and

linical covariates such as age, gender, race, comorbidities,
edications, physical exam and symptoms, ejection frac-

ion, electrocardiogram findings, laboratory values, and

able 2. Included Studies: Sample Characteristics

Renal Function Group

ries et al. (19) 2000 CrCl �60
CrCl �60
CrCl �60
CrCl �60

illege et al. (2) 2000 All subjects
Neurohormone subset

rumholz et al. (25) 2000 Cr not increased �0.3 mg/dl
Cr increased �0.3 mg/dl

l-Ahmad et al. (20) 2001 GFR �60 ml/min
GFR 60–75 ml/min
GFR �75 ml/min

arenzi et al. (28) 2001 SVI �28 ml/m2 and
Cr �1.5 mg/dl

SVI �28 ml/m2 and
Cr �1.5 mg/dl

SVI �28 ml/m2 and
Cr �1.5 mg/dl

SVI �28 ml/m2 and
Cr �1.5 mg/dl

ahon et al. (21) 2002 7.8 � CrCl � 47.1
47.1 � CrCl � 63.8
63.9 � CrCl � 85.8
86.0 � CrCl � 193.6

cClellan et al. (26) 2002 All subjects
Percent of total subjects with

chronic kidney disease (serum
creatinine �1.4 mg/dl for
women, �1.5 for men)

mith et al. (27) 2003 All subjects
khter et al. (22) 2004 Cr �1.5 mg/dl

Cr �1.5 mg/dl
ibbins-Domingo et al. (3) 2004 CrCl �60

40 � CrCl � 60
CrCl �40

cAlister et al. (29) 2004 CrCl �90
60 � CrCl � 89
30 � CrCl � 59
CrCl �30

hlipak et al. (4) 2004 GFR �30
30 � GFR � 60
GFR �60

milde et al. (23) 2004 Idiopathic dilated cardiomyopa
Coronary artery disease

milde et al. (24) 2004 All subjects
hlipak et al. (30) 2005 Alive

Dead
mith et al. (5) 2005 Cr �1.0

1 � Cr � 1.5
Cr �1.5
eurohormonal measures. s
content.onlinejacDownloaded from 
Inverse variance-weighted averages of logarithmic RRs
nd HRs were calculated for all-cause mortality and sec-
ndary outcomes. Meta-estimates reflected only the subset
f studies reporting combinable risk estimates. Among-
tudy heterogeneity of risk estimates was examined using a
tandard chi-square test for heterogeneity. A funnel plot
ased on the primary outcome evaluated for potential
ystematic bias in studies, including publication bias. Sub-
roup analyses stratifying by race, gender, etiology of HF,

n F/U (yrs) Age (SD) Men, %

757 3.1 67.7 (6.8) 81
2,916 57.0 (9.9) 91.1

772 3.5 66.7 (7.5) 73.7
1,389 57.4 (9.6) 85.8
1,906 0.8 64.7 (9.5) 80.4

372 67.7 (8.0) 77.4
1,212 0.5 78.82 44

79.08 37
2,106 2.8 65 (8.1) 80
2,133 60 (9.7) 89
2,391 56 (10.7) 89

55 1.6 53 (4) 81.8

37 55 (4) 83.8

25 52 (4) 80

31 57 (5) 90.3

145 2.6 75 (11) 59
146 68 (8) 75
146 63 (8) 79
146 54 (10) 82
665 1.0 75 39.5
252 76 47.6

412 0.5 72 (11) 51
266 0.5 59 (14) 64
215 65 (13) 75
297 5.8 64 (6) 0
283 70 (6) 0
122 72 (5) 0
129 2.5 51 (12) 86.8
206 63 (11) 86.9
301 73 (10) 87.3
118 78 (11) 52.5
218 3.0 72 54

2,939 68 73
3,643 60 82

429 0.8 59.6 (11.1) 19
995 66.3 (8.3) 16
161 11.7 60.5 (8.1) 86
97 6.5 74 (5) 38

182 78 (6) 56
16,566 1.0 78.8 24.5
19,867 79.7 45.4
17,207 79.7 63.6

Continued on next page
thy
everity of HF symptoms (determined by NYHA functional
 by on February 10, 2012 c.org
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lass), and follow-up period (early mortality, defined as
1-year mortality or mean follow-up �1 year) were also

onducted to identify highest risk patients.
All statistical tests assumed a two-tailed alpha level � 0.05.

tudies using overlapping patient populations (multiple sec-
ndary analyses of randomized trial data) were included in
alculations for combined risk estimates only once, with the
tudy reporting outcomes for the greatest number of patients
aking precedence. All analyses were conducted using Review

able 2. Continued

NYHA Diabetes, % HTN, % MI, %

I–II 14.1 42.8 79.9
I–II 15.1 35.1 80.6
I–IV 25.4 42.8 67
I–IV 24.6 39 65.4

100% III,IV 20.7 — 53.9
100% III,IV 22 — 75.3

— 36 57 38
— 44 68 34

I–IV 23 46 74
I–IV 17 37 78
I–IV 17 34 74

2.5 (0.7) — — —

3.2 (0.7) — — —

3.4 (0.7) — — —

3.8 (0.4) — — —

41% III,IV 26 — 65
31% III,IV 27 — 65
25% III,IV 29 — 65
31% III,IV 29 — 63

— 44.1 66.5 26.4
— 50.2 74.3 28.9

— 47 — —
80% III,IV 42 68 41
88% III,IV 53 73 53
0.3% III,IV 12.5 10.8 19.5
0.7% III,IV 10.2 16.6 20.8
5.7% III,IV 26.2 36.1 53.2
40% III,IV 23 29 —
41% III,IV 22 25 —
62% III,IV 22 32 —
69% III,IV 25 45 —
52% III,IV 44 63 66
37% III,IV 30 47 69
28% III,IV 26 43 62

100% III,IV 0 0 0
100% III,IV 22 3 —
80% II 8 11 —

— 26 — 41
— 30 — 41
— 34.1 62.9 24.5
— 38.7 63.1 31.3
— 46 65.2 33.6

r � creatinine (mg/dl); CrCl � creatinine clearance (ml/min); EF � ejection fr
ypertension; MI � myocardial infarction; NYHA � New York Heart Association
anager version 4.2 (Cochrane Collaboration) (18). t
content.onlinejacDownloaded from 
ESULTS

escription of studies. A total of 16 high-quality studies
ith 80,098 HF patients were identified from a total of 1,309
otentially relevant studies screened, with 3 studies excluded
10–12) from the initial 19 studies of renal impairment in HF
hat were identified (Fig. 1). In the included studies, HF
atients were derived from randomized clinical trials (2–4,19–
4), hospital cohorts (5,25–27), and outpatient HF popula-

Stroke, % EF, % (SD) Creatinine (mg/dl)

9 28.2 (5.9) 1.4
5.2 28.3 (5.6) 1.1
9.1 24.4 (6.6) 1.4
6.6 24.8 (6.8) 1.1
— 26.2 (9.1) 1.37
— 23.4 (7.5) 1.34
— 51 37% �1.5
— 45 49% �1.5
— 27 (6.3) 1.47
— 27 (6.4) 1.17
— 27 (6.2) 0.94
— — 1.2

— — 1.2

— — 3.1

— — 2.5

— 26% �25 1.6
— 28% �25 1.3
— 26% �25 1.2
— 23% �25 1

19.8 44.1 —
22.7 50.2 —

— 39 (17) 1.8
— 27 (14) —
— 27 (13) —
— 14.1% �50
— 14.5% �50
— 27.9% �50
— 31 (15) —
— 33 (14) —
— 34 (15) —
— 39 (15) —
— 28 2.4
— 29 1.4
— 29 1.1
— 25.3 (7.8) 1.26
— 26.0 (8.8) 1.43
— 29 (0.09) 1.11
8 — 1.03

20 — 1.24
17.1 13.5 0.8
19.1 19.4 1.3
20.2 22.5 2.3

; GFR � glomerular filtration rate (ml/min/1.73m2); F/U � follow-up; HTN �
systolic volume index.
ions (28–30). Patients had a mean age of 74 years and a wide
 by on February 10, 2012 c.org
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pectrum of HF severity. Follow-up ranged from a minimum
f six months to more than five years (Tables 1 and 2).
ll-cause mortality. In 12 studies reporting crude preva-

ence data (2–5,19,20,22,26,28–30), 29% of all patients had
oderate to severe renal impairment, and more than half of

ll patients had any degree of renal impairment. Prevalence
as lower in outpatients compared with hospitalized pa-

ients (Table 3). In the 11 studies reporting all-cause
ortality rates for follow-up �1 year (range 1 to 11.7 years)

2–5,19,21,26,28,30), 26% without impairment, 42% with
ny impairment, and 51% with moderate to severe impair-
ent died. This translated into a combined unadjusted
ortality risk of RR � 1.48, 95% CI 1.45 to 1.52, p �

.001 in patients with any renal impairment and RR �

.81, 95% CI 1.76 to 1.86, p � 0.001 in patients with
oderate to severe impairment.
In the nine studies that reported mortality risks adjusted for

ociodemographic and clinical covariates (2–5,19,21,26,30),
ny renal impairment was still associated with higher mor-
ality risk (HR � 1.56, 95% CI 1.53 to 1.60, p � 0.001)
Fig. 2). Significant heterogeneity was present (p � 0.001).
n alternative estimate using random effects yielded an

stimate of similar effect size (HR � 1.54, 95% CI 1.39 to
.70). In a sensitivity analysis excluding Hillege et al. (2)

able 3. Prevalence of Renal Impairment Assessed at Baseline
utpatient Assessment or Baseline Hospital Admission for HF
atients (Based on a Total of 11 Studies)

Population

Renal Impairment

Any* Moderate to Severe†

% n/N % n/N

ll patients 63 49,163/77,793 29 18,724/65,324
on-randomized 69 38,218/55,475 32 17,703/55,475
utpatients 51 11,621/23,007 10 1,049/10,538
ospitalized 69 37,542/54,786 32 17,675/54,786

Creatinine �1.0 mg/dl, creatinine clearance or estimated glomerular filtration rate
90 ml/min, or cystatin-C �1.03 mg/dl. †Creatinine �1.5 mg/dl, creatinine

learance or estimated glomerular filtration rate �53 ml/min, or cystatin-C �1.56
g/dl.
igure 2. Combined adjusted all-cause mortality risk: any renal impairment. *Co
enal impairment. CI � confidence interval; HR � hazard ratio.

content.onlinejacDownloaded from 
the only study limited to NYHA functional class III to IV
atients) and Smith et al. (5) (disproportionate number of
ospitalized elderly), no heterogeneity was observed (p �
.24) and mortality risk remained elevated and significant
HR � 1.39, 95% CI 1.29 to 1.50, p � 0.001). The funnel
lot suggested no publication bias (Fig. 3). In the five
tudies that reported adjusted mortality risk specifically for
atients with moderate to severe renal impairment, mortal-
ty risk was more than doubled (HR � 2.31, 95% CI 2.18
o 2.44, p � 0.001) (Fig. 4).

When renal function was characterized continuously and
inearly, renal impairment generally showed an incremental
ncrease in mortality risk. A 33% increased mortality risk per

mg/dl creatinine (31% to 36%, p � 0.001) (or 15% per
very 0.5 mg/dl creatinine [14% to 17%]) found in three
tudies (5,26,29) and a 7% increased mortality risk per 10
l/min eGFR (4% to 10%, p � 0.001) found in two studies

20,24) suggested a dose-response relationship (Fig. 5).
owever, one study observed a threshold effect with eGFR,
hereby increased risk was observed only with eGFR �50

25). Additionally, three studies of hospitalized patients

igure 3. Detecting no publication bias: funnel plot for adjusted all-cause
ortality risk.
mpares 44,455 patients with any renal impairment versus 22,625 without
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5,22,25) showed significantly increased mortality risk asso-
iated with renal impairment, characterized as worsening
enal function during hospital admission (HR � 1.47, 95%
I 1.26 to 1.72) (Table 4).
econdary outcomes. For cardiovascular-specific mortal-

ty, risk of pump-failure death was increased in patients with
enal impairment, but risk of arrhythmic death was not
22,25,27). For the outcome of hospitalization, worsening
enal function was marginally associated with increased
ospital readmissions in hospital-derived patients (5,25),
hereas baseline renal impairment in non-hospital-derived
atients was significantly associated with increased risk of
he combined outcome of death or hospitalization for HF

igure 4. Combined adjusted all-cause mortality risk: severe renal impairm
2,625 without renal impairment. CI � confidence interval; HR � hazar

igure 5. Incremental and early mortality risks. *Total HR � 1.20 (1.11, 1
f hospitalized elderly) with heterogeneity X2, p � 0.84. †Results not sig

f Hillege et al. (2) or when Akhter et al. (22) removed (New York Heart Asso
atio.

content.onlinejacDownloaded from 
4,19) (Table 3). Only a single study (5) assessed and
eported increased hospital admission costs associated with
orsening renal function, and only one study (3) reported

ncreased six-month functional decline with severe renal
mpairment (odds ratio � 1.95, 95% CI 1.16 to 3.28).
ubgroup analyses. One prior study (23) found signifi-
antly higher mortality risk in whites versus blacks: severe
enal impairment in whites was associated with HR � 2.61
95% CI 2.44 to 2.80), but in blacks was HR � 1.99 (95%
I 1.62 to 2.45) (p � 0.001 for interaction). Though no
rior study stratified the effects of renal impairment on
ortality by gender, a single study reported results in a

ohort limited to women (19) (HR � 2.40, 95% CI 1.60 to

ompares 17,979 patients with moderate to severe renal impairment versus
o.

hen Smith et al. (5) (2005) removed (disproportionately large sample size
tly different when using Smilde et al. (24) for PRIME-II results instead
ent. *C
.30) w
nifican
ciation functional class IV only). CI � confidence interval; HR � hazard
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.62 for severe impairment). Finally, in an analysis stratified
y HF etiology (23), significantly increased mortality risk
as reported both for patients with non-ischemic HF and

schemic HF.
Level of baseline symptoms appeared to modify the effect

f renal impairment. Asymptomatic patients (NYHA func-
ional class I to II) (31,32) still had significantly increased
ortality risk with moderate to severe renal impairment

HR � 1.41, 95% CI 1.15 to 1.73), whereas more symp-
omatic patients (NYHA functional class III to IV) (1)
howed substantially higher mortality risk for any renal
mpairment (HR � 2.10, 95% CI 1.76 to 2.50) and severe
enal impairment (HR � 3.23, 95% CI 2.42 to 4.31). In
atients with follow-up for early mortality (�1 year), any
enal impairment was associated with a higher adjusted
ortality risk than the risk found for �1 year (HR � 1.84,

5% CI 1.62 to 2.09, p � 0.001), although the studies
ontributing to this risk estimate were relatively heteroge-
eous (Fig. 5).

ISCUSSION
he majority of HF patients in these studies had some
egree of renal impairment, and these patients represent a
igh-risk group with an approximately 50% increased rela-
ive mortality risk compared with patients of normal renal
unction. Moreover, up to 29% of patients had moderate to
evere renal impairment, with more than 100% increased
elative mortality risk and absolute mortality rate as high as
1% by five years of follow-up. White patients and symp-
omatic patients appear to have particularly poor outcomes
n the setting of renal impairment. Regardless, the impact of
enal impairment in all HF patients is substantial both in
revalence and excess mortality risk, underscoring the im-
ortance of incorporating renal function into risk-
tratification models and identifying optimal HF therapies
or this population.

Though risk-stratification models in HF have increas-
ngly included renal function for mortality risk prediction
33), evidence for therapeutic strategies to actually reduce

able 4. Combined Risks for Worsening Renal Function and
econdary Outcomes Occurring �1 Year After Assessment of
enal Function (6 Studies)

Outcome HR 95% CI P

orsening renal function in hospitalized patients*
All-cause mortality 1.47 1.26–1.72 �0.001
Hospital readmission 1.19 0.99–1.43 0.07

econdary outcomes
Pump-failure death† 1.54 1.27–1.86 �0.001
Arrhythmic death† 1.21 0.94–1.56 0.14
HF admission or death‡ 1.31 1.23–1.39 �0.001

Krumholz et al. (25) 2000, Smith (27) 2003, Akhter et al. (22) 2004; Worsening renal
unction defined increase in creatinine �0.3. Compares 773 patients with worsening renal
unction versus 1,800 with normal function. †Dries et al. (19) 2000. Compares 3,673
atients with any renal impairment versus 2,161 without impairment. ‡Dries et al. (19)
000, Shlipak et al. (4) 2004. Compares 6,830 patients with any renal impairment versus
,804 without impairment.

CI � confidence interval, HF � heart failure, HR � hazard ratio.
ortality in HF patients with renal impairment is still a
content.onlinejacDownloaded from 
acking. Typically, HF patients with creatinine �2.5 have
een systematically excluded from therapeutic trials, and thus
ptimal pharmacotherapy remains poorly defined, especially in
atients with severe renal impairment (34). Evidence for
herapeutic benefit from angiotensin-converting enzyme
ACE) inhibitors in HF patients with renal impairment is
ncomplete. One randomized trial of enalapril in patients
ith severe HF found a significant mortality benefit even
ith the inclusion of patients with moderate to severe renal

mpairment (6). An observational study by Masoudi et al.
1,35) recently showed similar or even increased relative
urvival benefit from ACE inhibitor treatment in HF
atients with severe renal impairment compared with treat-
ent in patients with moderate impairment or normal renal

unction. In contrast, Ezekowitz et al. (4) found no mor-
ality benefit from ACE inhibitors in patients with CrCl

30 and ischemic HF, potentially because of interactions
etween combined aspirin and ACE inhibitor use. Interest-
ngly, Ezekowitz et al. (4) noted a certain degree of
therapeutic nihilism” toward HF patients with renal im-
airment, as these patients had lower prescription rates of
CE inhibitors and beta-blockers. Certainly, caution is
arranted, given evidence for risk of worsening renal func-

ion from spironolactone and nesiritide, as well as ACE
nhibitors (5,26,29). The therapeutic dilemma concerning
reatment of HF patients with renal impairment supports
he need for randomized trials of therapeutic agents that
pecifically target HF patients with moderate to severe renal
unction. Indeed, though many of the studies in our
eta-analysis adjusted for use of medical therapies, it is still

ossible that the excess mortality associated with renal
mpairment reflected, in part, a lack of efficacious treatment
ptions available or possible underutilization of current
herapies.

Results from our study also highlight the need to estab-
ish the best estimator of renal function and standardized
efinitions of renal impairment in HF patients. The studies
eviewed in this analysis utilized a variety of directly mea-
ured serum markers as well as calculated estimates of GFR,
ut no study has empirically compared these estimators. Yet
espite the varied definitions of renal impairment in the
tudies included in our meta-analysis, the association with
ortality remained robust. However, future studies are still

equired to better define incremental mortality risk, and
hether a linear and continuous characterization of the

ssociation between renal impairment and mortality is
ppropriate. Our study found conflicting results, with at
east one study finding a threshold effect for eGFR �50,
uggesting that excess risk was virtually null above this
hreshold (30). However, alternative studies suggested in-
remental risk even at the lowest levels of renal impairment
36). Notably, studies reporting incremental risks assumed

priori a linear relationship between eGFR or creatinine
nd mortality risk. Although both the categorical and
ontinuous characterizations of renal function appeared to

ffirm the presence of a dose-response relationship, the
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alidity of the linearity assumption could not be confirmed
y our analysis and should be addressed in future studies.
inally, newer measures of renal function, including
ystatin-C, may show promise for risk stratification and
ortality risk prediction of HF patients although, to date,

nly one study had been published using cystatin-C to
ssess renal function in HF patients (37).

causal pathway? Our findings support the hypothesis
hat renal impairment could be a marker for worsening HF.

owever, some investigators have further postulated that
enal impairment could be on the causal pathway to wors-
ning HF. Our findings of the strength, consistency, and
ose-response effect may help to support, although certainly
ot prove, causality. In particular, the temporal relationship
etween renal impairment and worsening HF could not be
stablished in our study. However, other investigators have
ound that baseline renal impairment in healthy community
ubjects appears to increase the risk of developing HF,
roviding initial evidence to support a temporal relation-
hip. Proposed biological mechanisms also support a poten-
ial causal pathway, as investigators have postulated that
enal impairment could upregulate the renin-angiotensin-
ldosterone system, enhance basal sympathetic nerve dis-
harge, increase pro-inflammatory factors, and exacerbate
nderlying anemia, worsening left ventricular hypertrophy
nd myocyte contractility, leading to impaired volume
andling, pump failure, and death. If renal impairment in
F is truly causal for mortality, cardio-renal pathophysiologic

athways could be an important target for preventing worsen-
ng HF, especially in those patients with the most severe levels
f renal impairment.
tudy limitations. For mortality risk estimates, our analysis
ould not rule out residual confounding from individual studies
n adjusted analyses, although most studies did adjust for all
nown major confounders and yielded consistent estimates.
owever, this limitation emphasizes the inability of our

nalysis to establish a causal association. Second, sampling
trategies varied for the different studies included in our
nalysis, so our results are not a nationally representative
ample for prevalence. However, estimates for the preva-
ence of any renal impairment, despite the heterogeneity of
efinitions and populations, remained surprisingly consis-
ent in both hospitalized and non-hospitalized patients.
hus, a conservative estimate of renal impairment in at least
alf of HF patients is likely valid (particularly given that
linical trial populations usually exclude patients with severe
mpairment).

onclusions. Renal impairment confers a clinically signif-
cant risk for excess mortality in patients with HF, and the

agnitude of this increased mortality risk is comparable to
hat associated with traditional prognostic indicators in HF,
uch as ejection fraction. Though more common in patients
ospitalized for HF, at least some degree of renal impair-
ent is still present in about half of stable HF outpatients.
s renal function is a key independent prognostic factor in

F and relevant for developing optimal therapeutic strate-

content.onlinejacDownloaded from 
ies, a more refined understanding of the best method of
stimating and characterizing renal impairment, particularly
n the mild to moderately impaired range, is still required.
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