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Current guidelines identify people with chronic kidney disease (CKD) as being at high risk for cardiovascular and all-cause
mortality. Because as many as 19 million Americans may have CKD, a comprehensive summary of this risk would be
potentially useful for planning public health policy. A systematic review of the association between non–dialysis-dependent
CKD and the risk for all-cause and cardiovascular mortality was conducted. Patient- and study-related characteristics that
influenced the magnitude of these associations also were investigated. MEDLINE and EMBASE databases were searched, and
reference lists through December 2004 were consulted. Authors of 10 primary studies provided additional data. Cohort studies
or cohort analyses of randomized, controlled trials that compared mortality between those with and without chronically
reduced kidney function were included. Studies were excluded from review when participants were followed for <1 yr or had
ESRD. Two reviewers independently extracted data on study setting, quality, participant and renal function characteristics,
and outcomes. Thirty-nine studies that followed a total of 1,371,990 participants were reviewed. The unadjusted relative risk
for mortality in participants with reduced kidney function compared with those without ranged from 0.94 to 5.0 and was
significantly more than 1.0 in 93% of cohorts. Among the 16 studies that provided suitable data, the absolute risk for death
increased exponentially with decreasing renal function. Fourteen cohorts described the risk for mortality from reduced kidney
function, after adjustment for other established risk factors. Although adjusted relative hazards were consistently lower than
unadjusted relative risks (median reduction 17%), they remained significantly more than 1.0 in 71% of cohorts. This review
supports current guidelines that identify individuals with CKD as being at high risk for cardiovascular mortality. Determin-
ing which interventions best offset this risk remains a health priority.
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I t has been known for many years that ESRD is associated
with very high mortality and accelerated cardiovascular
disease (1). Several recent studies suggest that the risk for

death is increased independently in individuals who have less
severe impairment of kidney function and are not dialysis
dependent, compared with those who have preserved kidney
function (2,3). However, other rigorously conducted studies
have found little or no significant increase in all-cause or car-
diovascular mortality in the setting of mild to moderate chronic
kidney disease (CKD) (4,5). Even among studies that have
demonstrated higher mortality rates in people with CKD, the
magnitude of the increased risk has varied substantially for
reasons that are unclear.

Current guidelines identify individuals with CKD as being at
high risk for cardiovascular disease and other adverse out-
comes (6). Because non–dialysis-dependent CKD may affect as

many as 19 million Americans (7), a summary of the risk for
all-cause and cardiovascular mortality associated with this con-
dition potentially would be useful to decision-makers and re-
searchers. In addition, identification of factors that modify the
strength of the relation between CKD and adverse outcomes
may help to improve the current understanding of how im-
paired kidney function leads to higher risk.

Despite considerable interest in this topic, previous summa-
ries of the available evidence have been presented predomi-
nantly as narrative reviews, which have widely known limita-
tions (8,9). Therefore, we conducted a systematic review to
evaluate the association between non–dialysis-dependent CKD
and the risk for all-cause and cardiovascular mortality. We also
sought to determine patient- and study-related characteristics
that influenced the magnitude of these associations.

Materials and Methods
Search Strategy

Two reviewers searched Medline (1969 to 2004) and EMBASE (1988
to 2004) and the reference lists of primary studies, review articles, and
clinical practice guidelines independently and in duplicate. The search
strategies were created with the assistance of a research librarian and
were not restricted to the English language (Appendixes A and B). Any
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Table 1. Characteristics of included studiesa

First Author/
Study Name,

Year of
Publication

Design; Data;
Country(ies)

Inclusion
Criteria

No. of
Patients

Median
Duration

(Yr)

Mean
Age
(Yr)

%
Male

% Population Definition
of Reduced

Kidney
FunctionbCVD HTN Diabetes

ALLHAT 2005
(47)

RCT; ALLHAT;
US, Canada,
Puerto Rico,
US Virgin
Islands

Age �55 yr,
HTN, �1
other CV risk
factor

31,897 4.9c 67 54 26 100 36 GFR �60
ml/min

ARIC 2003 (42) P-CS; ARIC; US General
population,
age 45 to 64
yr

15,350 6.2c 54 (all 45
to 64)

45 5 35 12 GFR �60
ml/min

BRHS 1997 (54) P-CS; British
Regional
Heart Study;
UK

General
population;
men aged 40
to 59 yr

7690 14.8 50 100 — — 41 SCr �116
�mol/L

Bruno 2003 (36) P-CS; Casale
Monferrato;
Italy

General
population,
type 2
diabetes

1540 10.0d 68 44 — 84 100 SCr �133
�mol/L

CARE 1996 (44) RCT; CARE; US,
Canada

Age 21 to 75 yr,
previous MI

4159 5.0 59 86 100 42 14 GFR �60
ml/min

CHS 2003 (15) P-CS; CHS; US General
population,
age �65 yr

4893 4.5 73 (all �65) 45 20 42 22 GFR �60
ml/min

DIG 2004 (17) RCT; DIG; US,
Canada

CHF or EF
�35%

6800 1.0c 64 77 100 45 28 GFR �60
ml/min

Ezekowitz 2004
(38)

R-CS;
APPROACH
and BC
Cardiac
Registry;
Canada

CHF � CAD on
coronary
angiogram

6427 1.0d 69 65 100 39 21 CrCl �60
ml/min

FHS 1999 (4) P-CS;
Framingham
Heart Study;
US

General
population

2837 M
3386 W

11.0c M
11.6c W

53 M
55 W

100 M
0 W

14 M
10 W

30 M
25 W

30 M
25 W

SCr �136
�mol/L M
SCr �120
�mol/L W

Friedman 1991
(39)

P-CS; Waikato
Hospital;
New Zealand

Age �60 yr
with acute
stroke

492 1.5c 75 (all �60) 51 100 — — SCr �120
�mol/L

Go 2004 (2) R-CS; Kaiser
Permanente
Renal
Registry; US

General
population,
age �20 yr
(treated at a
single HMO)

1,118,922 2.8 52 45 6 19 10 GFR �60
ml/min

HDFP 1989 (50) RCT; HDFP; US Age 30–69 yr,
HTN

10,768 8.0d 51 (all 30
to 69)

54 — 100 10 SCr �151
�mol/L

HERS 2001 (18) RCT; HERS; US Postmenopausal
women, age
�55 yr

2761 4.1c 67 (all �80) 0 100 59 23 CrCl �60
ml/min

HOORN 2002
(20)

P-CS; HOORN;
The
Netherlands

General
population,
age 50 to 75
yr

608 8.7 64 48 24 55 27 GFR �63
ml/min

HOPE 2001 (43) RCT; HOPE; US Age �55 yr;
known CVD
or diabetes,
�1 other CV
risk factor

9287 4.5 66 73 100 47 38 CrCl �65
ml/min

HOT 2001 (3) RCT; HOT; 26
countries

Age 50 to 80 yr,
HTN

18,597 3.8c 61 53 — 100 8 CrCl �60
ml/min

Hoy 2001 (14) P-CS; Renal
Disease
Screening
Program;
Australia

General
population,
age �20 yr
(predominantly
Aboriginal)

786 5.7c 34 52 — 17 10 GFR �60
ml/min

HPS 2003 (56) RCT; Heart
Protection
Study; UK

Age 40 to 80 yr;
diabetes,
HTN, or
known CVD

20,536 4.6c 64 75 85 41 29 SCr �130
�mol/L M
SCr �110
�mol/L W

Laville 1994 (40) R-CS; Yalgado
Ouedraogo
National
Hospital;
Burkina Faso

Adults, HTN 317 2.0d 49 62 — 100 5 SCr �150
�mol/L

LIPID 1998 (48) RCT; LIPID;
Australia,
New Zealand

Age 31 to 75 yr,
known CAD

8987 6.1c 62 83 100 41 9 GFR �60
ml/min

Madsen 1994
(41)

P-CS; Hvidovre
Hospital;
Denmark

Age �76 yr,
CHF

190 2.0d 64 (all �76) 72 100 11 — SCr �121
�mol/L
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Table 1. Continued

First Author/
Study Name,

Year of
Publication

Design; Data;
Country(ies)

Inclusion
Criteria

No. of
Patients

Median
Duration

(Yr)

Mean
Age
(Yr)

%
Male

% Population Definition
of Reduced

Kidney
FunctionbCVD HTN Diabetes

McAlister 2004
(22)

P-CS; University
of Alberta
Heart
Function
Clinic;
Canada

Adults, CHF 754 2.5 67 66 100 32 23 CrCl �60
ml/min

McClellan 2002
(23)

R-CS; Medicare
Medical
Information
System; US

Adult Medicare
beneficiaries,
CHF

665 1.0d 76 40 100 66 44 SCr �133
�mol/L M
SCr �124
�mol/L W

Moreno 2003
(35)

R-CS; Spain Adult, liver
transplant
recipients

397 5.6c — — — — — SCr �115
�mol/L

Muntwyler 2002
(45)

P-CS; Eur.
Improvement
of HF Survey;
Switzerland

Adults, CHF 411 1.4c 75 56 100 20 18 SCr �120
�mol/L

NHANES I 2002
(5)

P-CS; NHANES
I; US

General
population,
age 25 to 74
yr

2352 16.1c — 47 — 43 4 SCr �122
�mol/L M
SCr �104
�mol/L W

NHANES II
2002 (16)

P-CS; NHANES
II; US

General
population,
age 30 to 74
yr

6453 14.0 50 55 16 — 5 GFR �70
ml/min

NHCP 2005 (24) R-CS; National
Heart Care
Project; US

Adults, CHF 53,640 1.0d 79 42 100 64 40 SCr �133
�mol/L

POSCH 1993
(21)

RCT; POSCH;
US

Age 30 to 64 yr,
previous MI
and
dyslipidemia

416 7.0d 51 92 100 0 0 SCr �115
�mol/L

PRIME II 2000
(13)

RCT; PRIME II;
The
Netherlands

Age 18 to 80 yr,
CHF

1906 0.8 65 80 100 6 21 GFR �59
ml/min

Pulignano 2002
(55)

R-CS; IN-CHF
Registry; Italy

Adults, CHF 1162 �70
523 �70

1.0d 58 �70
75 �70

79 �70
65 �70

100 9 �70
9 �70

— SCr �221
�mol/L

Schillaci 2001
(49)

P-CS; Progetto
Ipertensione
Umbria
Monitoraggio
Ambulatoriale;
Italy

Adults, HTN 1829 4.0c 51 54 0 100 7 SCr �103
�mol/L M
SCr �84
�mol/L W

SHEP 1998 (46) RCT; SHEP;
Italy

Adults, systolic
HTN

4336 5.0d 72 43 — 100 10 SCr �119
�mol/L

Sihvonen 2004
(51)

P-CS; Tampere;
Finland

Adults, RA and
contemporaneous
controls

604 RA
457 Ctr

11.0d 59 RA
58 Ctr

22 RA
23 Ctr

— — — SCr �115
�mol/L M
SCr �110
�mol/L W

SOLVD 2000
(37)

RCT; SOLVD;
US

Adults, CHF, EF
�35

3673 P
2161 T

— 59 P
61 T

89 P
81 T

100 37 P
40 T

15 P
25 T

CrCl �60
ml/min

Syst-China 2001
(25)

RCT;
Syst-China;
China

Age �60 yr,
HTN

2394 3.0 67 64 10 100 4 SCr �133
�mol/L

Syst-EUR 2002
(19)

RCT; Syst-EUR;
The
Netherlands

Age �60 yr,
HTN

4688 2.0 70 (all �60) 33 30 100 10 SCr �101
�mol/L

VA-HIT 2004
(52)

RCT; VA-HIT;
US

Men �74 yr,
previous MI,
dyslipidemia

2505 — 64 100 100 57 30 CrCl �75
ml/min

WOSCOPS 1995
(53)

P-RC;
WOSCOPS;
UK

Men 45 to 64 yr,
dyslipidemia,
multiple CV
risk factors

6591 4.9c 55 100 100 16 1 GFR �60
ml/min

aCAD, coronary artery disease; CHF, chronic heart failure; CrCl, creatinine clearance; Ctr, control; CV, cardiovascular; CVD,
cardiovascular disease; EF, ejection fraction; HMO, health maintenance organization; HTN, hypertension; M, men; MI,
myocardial infarction; P, prevention; P-CS, prospective cohort study; RA, rheumatoid arthritis; R-CS, retrospective cohort
study; RCT, randomized controlled trial; SCr, serum creatinine; T, treatment; W, women.

bDefinition chosen by review authors.
cMean duration of follow-up (rather than median).
dFixed duration of follow-up.
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study that was deemed potentially relevant by one or more reviewers
was retrieved for inspection.

Study Selection
The search strategy and data extraction were defined by a prospec-

tive protocol. Studies were eligible for inclusion when they studied
adults and contained data that permitted comparison of long-term (�1
yr) cardiovascular mortality or all-cause mortality between those with
and without kidney disease (defined by abnormal GFR, creatinine
clearance [CrCl], or serum creatinine [SCr] levels). Studies were ex-
cluded when they were published in abstract only, included data from
patients with acute renal failure (or included people who were at high
risk for acute renal failure, e.g., those with acute myocardial infarction),
or included patients who had ESRD and were on dialysis or received a
renal transplant. Finally, meta-analyses, case-control studies, studies
with �100 subjects, studies without a contemporaneous control group
drawn from the same population, and studies that did not report the
outcomes of interest were excluded.

Validity Assessment and Data Extraction
We assessed criteria that can influence study validity (10). A study

was described as retrospective when the initiation of the study occurred
after both the exposures and the outcomes of interest occurred (11).

When multiple publications from the same group were found, the
studies were reviewed carefully to ensure that no data were analyzed
in duplicate. Data were extracted into a database and checked for
accuracy by a second reviewer. When data were reported in strata, the
data were extracted as separate cohorts. The following data were ex-
tracted from each included study: design, definition of CKD, age,
gender, baseline renal function, clinical subpopulation (heart failure,
known cardiovascular disease, hypertension, general population, and
other), cardiovascular risk factors other than CKD (hypertension, smok-
ing, diabetes, BP, LDL cholesterol, and body mass index), proteinuria,
medication use (angiotensin-converting enzyme inhibitors, aspirin, �

blockers, and statins), and mortality (all-cause and cardiovascular).
When included studies did not report data that permitted construction
of a two-by-two table (mortality by CKD status), additional information
was requested from the authors.

Definitions of Kidney Function and Kidney Disease
When possible, we used estimates of kidney function that were

derived from estimating equations that are based on SCr, age, and/or
race and gender rather than SCr alone. We defined CKD as present
when estimated CrCl or GFR was �60 ml/min (with or without stan-
dardization to body surface area) or when SCr was �120 �mol/L (�1.3
mg/dl) when data from estimating equations were unavailable. Al-

Figure 1. Flow diagram of studies that were considered for inclusion.
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though not all studies presented results in this form, we used values as
close as possible to these levels of kidney function. Although CrCl is
conceptually different from GFR, it is commonly used as an estimate of
GFR (6); therefore, CrCl was used interchangeably with GFR to assess
the primary outcome. Similarly, estimates of GFR and/or CrCl that
were normalized to body surface area were pooled with those that were
not.

Outcome Measures
We considered the outcomes of all-cause death and cardiovascular

death. For the latter, we used the definitions that were used by the
authors of the primary studies; these typically included death from
coronary, noncoronary cardiac, and cerebrovascular causes. Overall

summary estimates of the relation between CKD and these outcomes
are not presented because of the extensive clinical and methodologic
heterogeneity. However, pooled estimates are presented for the clinical
subpopulations (heart failure, known cardiovascular disease, hyperten-
sion, general population, and other).

Statistical Analyses
Because of the differing definitions of kidney function and CKD

between studies, we decided to dichotomize kidney function, using a
GFR threshold as close as possible to 60 ml/min as mentioned above.
We calculated unadjusted risk ratios (RR) from the raw data to facilitate
comparisons between studies. These latter results then were pooled
using a random-effects model (12). For comparison, we also extracted

Figure 2. All-cause mortality in chronic kidney disease (CKD).
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adjusted hazard ratios from Cox regression analyses (which was the
analysis that most studies reported) when available. To facilitate com-
parisons with unadjusted results, we included in our analysis only
adjusted hazard ratios that were based on dichotomization of GFR,
meaning that we did not report adjusted estimates from studies that
categorized GFR into more than two categories (2,13–18) or treated GFR
as a continuous variable (19–25). Reasons for diversity in study results
were explored using meta-regression. The association between the
following factors and outcomes was considered at the study level:
mean age; proportion of patients who were female; average duration of
follow-up; population (hypertensive, heart failure, cardiovascular dis-
ease, or from the general population); proportion of patients who were
hypertensive or current smokers or had diabetes or a family history of
coronary disease; mean baseline renal function, BP, total cholesterol,
body mass index, proteinuria, and C-reactive protein; and medication

use. Medication use, proteinuria, and C-reactive protein were not an-
alyzed further because too few studies reported these data. Method-
ologic factors (10) (e.g., study design) and the definition of CKD also
were explored as potential explanatory variables in meta-regression.
For each meta-regression, only studies for which the factor of interest
was available were included in the analysis. The models were fit using
the step-wise selection method. Statistical heterogeneity was assessed
using the I2 statistic (26,27) and the �2 test for heterogeneity. I2 is the
percentage of variance that is due to between-study variance. A per-
mutation test was applied to all fitted models to guard against spurious
findings (28). Publication bias was not assessed because of the extensive
statistical heterogeneity, since covariates that lead to heterogeneity of
the relation between exposure and outcome also may lead to funnel
plot asymmetry (29).

Data from the studies that presented results for subgroups of patients
with renal insufficiency (e.g., GFR 30 to 59.9 and 15 to 29.9 ml/min)
were included in additional analyses that examined the graded relation
between severity of renal dysfunction and mortality. In these analyses,
the level of renal dysfunction in each subgroup was categorized by
substituting the midpoint of the range for interval data and adding or
subtracting 15 ml/min from bounded data. Therefore, in these analy-
ses, each study might contribute one estimate of risk (mortality asso-
ciated with GFR �60 ml/min) or multiple estimates of risk (mortality
associated with 30 to 59.9 and 15 to 29.9 ml/min, respectively). We used
a random intercept logistic regression model (30) to control for the
possibility of within-study nonindependence, with mortality as the
dependent variable and the index of renal function (estimated GFR in
ml/min) as the independent variable. Confidence intervals (CI) for the
best fit lines were calculated using the parameter estimates and the
estimated covariance structure from the fitted model. Statistical analy-
ses were performed with Stata 8.2 (31), S-Plus 7.0 (32), and Review
Manager 4.2.7 (33). Statistical significance was set at P � 0.05 for all
analyses. This report was structured in accordance with published
guidelines (34) and was approved by the institutional review board at
the University of Alberta.

Results
Study Flow and Characteristics

Our search retrieved 3114 citations. Of these, 232 full-text
articles were retrieved, and 39 studies with a total of 1,371,990
patients (2–5,13–25,35–56) met our criteria for review (Table 1).

Figure 3. All-cause mortality in CKD by baseline renal function.
Risk for all-cause mortality in 42 cohorts according to baseline
estimated GFR (ml/min). Risks are expressed as proportions
(e.g., 0.6 � 60%). The area of each circle (i.e., data point) is
proportional to the sample size of each cohort. The center line
models the estimated risk for baseline GFR from the unadjusted
analysis. Dotted lines represent the 95% confidence intervals.
Median follow-up is 4.9 yr (range 0.8 to 14 yr).

Figure 4. All-cause mortality in CKD using adjusted hazard ratios.
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Reasons for study exclusion are presented in Figure 1: Six
studies were duplicate publications, and five studies (57–61)
did not report or subsequently provide data in a usable format.

Seventeen of the 39 studies were nested cohort analyses of
randomized, controlled trials. Of the remaining 22 cohort stud-
ies, seven were retrospective. Details of the 39 studies are
outlined in Table 1. The sample selection process and the prog-
nostic variable were described adequately in 100% of the stud-
ies. As well, most (97%) described the inclusion and exclusion
criteria adequately. Other quality items such as the description
of clinical and demographic characteristics, the description of
outcomes, and adjustment for important prognostic factors
were adequate in 74 to 90% of the studies. In all studies, the
definition of CKD seemed to be based on a single measurement
of SCr. One study (50) reported re-analyzing the baseline SCr
measurement when the value exceeded 5.0 mg/dl, although
repeat blood sampling seems not to have been performed. The
number of patients who were lost to follow-up was reported in
67% of the studies. Of these, 81% of studies lost �10% of
patients during their follow-up. Median follow-up for the in-
cluded studies was 4.5 yr (range 0.8 to 16).

Relation between CKD and All-Cause Death
Forty-one cohorts from 37 studies that included 1,366,126

patients reported or provided all-cause mortality by CKD sta-
tus. The unadjusted relative risk for mortality in patients with
CKD compared with those without CKD ranged from 0.94 to
5.0 and was significantly more than 1.0 in 38 (93%) of 41
cohorts. The I2 statistic was �99% (Q � 6907, P � 0.001),

indicating statistical heterogeneity between studies, and visual
inspection of the forest plots demonstrated qualitative hetero-
geneity, suggesting that presenting a pooled estimate of the
overall risk associated with CKD would be inappropriate.
Within clinical subpopulations, statistical heterogeneity re-
mained, but qualitative heterogeneity was much reduced, sug-
gesting that pooling would be informative. Therefore, pooled
relative risks in various subpopulations are presented in Figure 2.

We performed additional analyses to determine factors that
might partially explain this heterogeneity. Twenty-four vari-
ables were explored in meta-regression. In several meta-regres-
sion models, studies with the following characteristics tended
to find a higher relative risk for mortality associated with CKD:
Lower risk patients (younger mean age, higher proportion of
women, less hypertension at baseline, and subjects from the
general population rather than those with known heart failure
or cardiovascular disease), poorer quality studies (retrospective
studies, shorter follow-up duration, and studies not reporting
loss to follow-up), studies with a representative sample of
participants (acceptable external validity), and cohort studies
(as opposed to nested cohort analyses of randomized trials). In
the final multivariable meta-regression model (31 cohorts), the
predicted relative risk for death associated with CKD was
significantly higher in retrospective trials, cohorts with younger
average participant age, and those in which patients had lower
baseline prevalence of known cardiovascular disease (all P �

0.05). Adjustment for these three covariates only marginally
reduced I2 from �99 to 88% (Q statistic reduced from 6787 to
227). All permutation tests were significant, supporting these

Figure 5. Cardiovascular mortality in CKD.
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variables as contributors to the heterogeneity in the risk asso-
ciated with CKD as reported by the primary studies.

To examine the graded relation between severity of CKD and
mortality, we calculated multiple risks per study for various
severities of renal dysfunction (expressed as the frequency of
death within each stratum of renal dysfunction). Sixteen pro-
spective studies stratified results by estimated GFR at baseline
and so were available for this analysis. We found an exponen-
tial relation between the severity of renal dysfunction and the
risk for all-cause mortality (Figure 3). For example, the pre-
dicted risk for death during the median follow-up of 4.9 yr was
12% (95% CI 8 to 19) when CKD was defined as estimated
GFR � 80 ml/min, 17% (95% CI 11 to 25) for GFR � 60 ml/min,
and 25% (95% CI 17 to 35) for GFR � 40 ml/min. Phrased in
relative terms, the estimated relative odds for death associated
with GFR of 80, 60, and 40 ml/min were 1.9, 2.6, and 4.4,
respectively (all compared with a GFR of 100 ml/min).

Twenty-six analyses (from 23 studies) performed and re-
ported Cox regression models using kidney function as an
independent variable and all-cause mortality as the dependent

variable, adjusted for potential confounders. In total, �100
different covariates were considered for inclusion in the indi-
vidual studies. Of these, only four variables (age, BP or hyper-
tension, diabetes, and gender) were considered in at least half
of these analyses. The adjusted hazard ratios for 13 of 14
analyses that treated CKD as a dichotomous variable (Figure 4)
all were lower in magnitude than the unadjusted relative risks
(median reduction 17% lower; range 27% increase to 52%
lower), consistent with the observation that CKD frequently
coexists with other risk factors for death, such as diabetes and
hypertension. Ten of the 14 adjusted estimates were statistically
significant.

Relation between CKD and Cardiovascular Death
Fourteen studies that included a total of 100,064 participants

reported cardiovascular mortality. The unadjusted relative risk
for mortality was qualitatively increased in patients with renal
insufficiency and ranged from 1.4 to 3.7 (Figure 5). There was
substantial heterogeneity between the studies; results were not
mathematically pooled (Q � 127, P � 0.001; I2 90%). Meta-

Table 2. Quality of included studiesa

Study
Inclusion and

Exclusion
Criteria

Specified

Sample
Selection

Explained

Clinical and
Demographic
Characteristics

Fully
Described

Representative
Sample

Outcomes
Fully

Defined

Prognostic
Variable

Fully
Defined

Adjustment for
All Important

Prognostic Factors

No. Lost to
Follow-Up
Reported

Loss to
Follow-Up

�10%

Reason for
Loss to

Follow-Up

ALLHAT 2005 (47) Y Y Y Y Y Y N Y N Y
ARIC 2003 (42) Y Y Y Y N Y Y N — —
BRHS 1997 (54) Y Y Y N Y Y Y Y Y N
Bruno 2003 (36) Y Y Y Y Y Y N N — —
CARE 1996 (44) Y Y Y N Y Y N Y Y N
CHS 2003 (15) Y Y Y Y Y Y Y N — —
DIG 2004 (17) Y Y Y N Y Y Y N — —
Ezekowitz 2004 (38) Y Y Y N Y Y Y N — —
FHS 1999 (4) Y Y Y N Y Y Y Y Y N
Friedman 1991 (39) Y Y N N N Y Y Y Y N
Go 2004 (2) Y Y Y Y Y Y Y N — —
HDFP 1989 (50) Y Y Y N N Y Y Y Y N
HERS 2001 (18) Y Y Y N Y Y Y Y Y Y
HOORN 2002 (20) Y Y Y Y Y Y Y Y Y N
HOPE 2001 (20,43) Y Y Y N N Y Y Y Y N
HOT 2001 (3) Y Y Y N Y Y Y Y Y Y
Hoy 2001 (14) Y Y Y Y Y Y N Y Y Y
HPS 2003 (56) Y Y Y Y Y Y N Y Y N
Laville 1994 (40) N Y N N N Y N N — —
LIPID 1998 (48) Y Y Y N Y Y N Y Y N
Madsen 1994 (41) Y Y Y N Y Y Y Y Y Y
McAlister 2004 (22) Y Y Y N Y Y Y N — —
McClellan 2002 (23) Y Y Y N Y Y Y Y N N
Moreno 2003 (35) Y Y N Y Y Y N Y N N
Muntwyler 2002 (45) Y Y Y N Y Y Y N — —
NHANES I 2002 (5) Y Y Y Y Y Y Y Y Y N
NHANES II 2002 (16) Y Y Y Y Y Y Y Y Y Y
NHCP 2005 (24) Y Y Y Y Y Y Y Y Y Y
POSCH 1993 (21) Y Y Y N Y Y Y Y Y Y
PRIME II 2000 (13) Y Y Y N N Y Y Y N N
Pulignano 2002 (55) Y Y Y Y Y Y N Y Y Y
Schillaci 2001 (49) Y Y Y N Y Y Y N — —
SHEP 1998 (46) Y Y Y N Y Y Y N — —
Sihvonen 2004 (51) Y Y N N Y Y Y N — —
SOLVD 2000 (37) Y Y Y N Y Y Y N — —
Syst-China 2001 (25) Y Y Y Y Y Y Y Y Y N
Syst-EUR 2002 (19) Y Y Y N N Y Y Y Y N
VA-HIT 2004 (52) Y Y Y N Y Y Y Y Y Y
WOSCOPS 1995 (53) Y Y Y N Y Y N Y N N

aN, no; Y, yes.
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regression found that the risk associated with CKD was signif-
icantly higher in cohorts with lower mean age. After adjust-
ment for mean age, we found that I2 reduced from 91 to 74% (Q
reduced from 127 to 43, all P � 0.001), and the permutation test
was statistically significant. No further covariates were statis-
tically significant. Using a mean age of 50 yr, our model pre-
dicted a relative risk of 3.4 (95% CI 2.1 to 5.5) with renal
insufficiency, whereas with a mean age of 70 yr, the relative risk
was 1.5 (95% CI 0.96 to 2.3). Five of the seven adjusted hazard
ratios for cardiovascular mortality were statistically significant.
Four of five adjusted estimates were lower in magnitude than
the unadjusted relative risks (median reduction 20% lower;
range 13% increase to 29% lower).

Discussion
To our knowledge, this is the first systematic review to

examine the relation between non–dialysis-dependent CKD
and mortality in multiple patient populations. The point esti-
mate for the unadjusted relative risk for all-cause death asso-
ciated with CKD exceeded 1.0 for 40 of 41 cohorts and was
statistically significant in 38 (93%) of 41. The absolute risk for
death increased exponentially with decreasing renal function in
these studies. The magnitude of the unadjusted increase in risk
ranged from approximately 38% to �1100%, reflecting consid-
erable between-study heterogeneity. However it is important to
emphasize that this heterogeneity was quantitative, not quali-
tative. Therefore, although the point estimates varied across
studies, CKD was associated consistently with increased all-
cause and cardiovascular mortality in a wide range of clinical
populations. In the 14 studies that adjusted these risks for other
patient factors such as diabetes and hypertension, the risks
were substantially lower than unadjusted risks. This reflects
that CKD often coexists with other factors that are associated
with adverse outcomes. The increased risk for all-cause mor-
tality largely was driven by cardiovascular deaths, which con-
stituted 58% of the deaths in the 13 studies that reported both
cardiovascular and all-cause deaths.

The magnitude of the increased risk associated with CKD
was greater with more advanced kidney dysfunction, suggest-
ing that different definitions of CKD between studies may have
explained some of the observed heterogeneity. Although dif-
ferences in comorbidities between studies did not seem to
explain all the variation in the quantitative estimates of in-
creased risk associated with CKD, this conclusion should be
interpreted with caution given that most studies did not ac-
count for all potential confounders. Multivariable meta-regres-
sion suggested that the relative risk for death associated with
CKD was significantly higher in lower risk populations, such as
those with younger participants or with a lower prevalence of
cardiovascular disease. These findings contrast with previous
suggestions that the risk as a result of CKD might be limited to
those with preexisting vascular disease (62) but are consistent
with data from the United States Renal Data System indicating
that the relative risk for cardiovascular death in dialysis pa-
tients (versus the general population) is greater in younger
patients (1). From a population health perspective, this might

suggest that screening for CKD should focus on younger,
healthier populations to maximize the impact of preventive
strategies. Unfortunately, this benefit would need to be bal-
anced against the much lower likelihood of detecting CKD in
such populations.

Although the mechanisms by which CKD might mediate
increased risk for death is unknown, there are several possibil-
ities. First, CKD often coexists with other cardiovascular risk
factors, including dyslipidemia, hypertension, smoking, and
diabetes (63), and these risk factors are associated with substan-
tial increases in absolute risk in the general population (64–67).
Second, patients with evidence of renal disease are less likely to
receive proven efficacious therapies (23,68–70). In addition, it is
possible that therapies that are proved to be efficacious in trials
with few CKD patients might be less efficacious or more toxic
in the setting of CKD. Third, impaired kidney function may be
a marker merely for severity of vascular disease, including
atherosclerosis that is not yet clinically evident (62,71). Finally,
impaired kidney function is associated with markers of inflam-
mation and other putative risk factors for cardiovascular events
(72–75), which might contribute directly to adverse outcomes.

As with all systematic reviews, the strength of our conclu-
sions is influenced by the quality of the constituent studies, and
analysis of aggregate (study-level) data may have concealed
subgroup effects that would have been apparent if subject-level
data were available. We assessed study quality using a stan-
dard instrument with 10 domains (10) and found that between
67 and 100% of studies met at least eight of the 10 quality
criteria. Most studies were not conducted in a sample that was
broadly representative of the population that they sought to
investigate, and only a minority reported reasons for losses to
follow-up. Because our primary interest was in CKD, we ex-
cluded results from studies in which acute renal failure seemed
likely, such as those that were conducted in participants with
acute coronary syndromes. However, all studies in this report
defined CKD on the basis of a single measurement of kidney
function; therefore, some individuals may have been misclas-
sified with respect to CKD status. This suggests that the true
relation between CKD and death is stronger than that sug-
gested by our results (because misclassification would bias our
results toward the null for finding any association [76]). Future
studies should classify individuals on the basis of multiple
measurements of kidney function, preferably with temporal
separation to confirm chronicity. In addition, it is plausible that
more rapid rates of kidney function loss are associated with
adverse outcomes, and future studies should test this hypoth-
esis. Finally, because proteinuria is strongly associated with the
risk for cardiovascular events (a relation that is independent of
reduced GFR) (77), future studies should report the association
between CKD and risk in strata that are defined by urinary
protein excretion.

Conclusion
Non–dialysis-dependent CKD was associated with an in-

creased risk for all-cause and cardiovascular death in the ma-
jority of studies. This finding remained after within-study ad-
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justment for potential confounders and was consistent across
studies despite variations in design, study populations, event
rates in control subjects, and definitions of CKD. This review
supports current guidelines that identify individuals with CKD
as being at high risk for cardiovascular disease and other ad-
verse outcomes and supports calls for more intensive interven-
tion in patients with CKD to prevent adverse outcomes (78).
Therapeutic strategies that have been shown to prevent cardio-
vascular events in patients with CKD include aggressive BP
control, statins, and angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers (79). The first step in addressing
any care gap is identifying and quantifying the magnitude of
the problem; our systematic review achieves this goal by high-
lighting the consistency of the evidence about the hazards that
are associated with CKD. The challenge that clinicians now face
is to search for CKD and manage it aggressively. The challenge
that researchers now face is to evaluate novel means of detect-

ing CKD (80) and to expand the therapeutic armamentarium
for patients with CKD.
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Appendix A: Search strategy (MEDLINE)

Search History Results

1 exp Cardiovascular Diseases/ 1,167,638
2 (cardiovascular$ or vascular or atherosclero$ or arteriosclero$ or

myocardial infarct$ or cardiol$ or heart).mp. �mp � title, original
title, abstract, name of substance word, subject heading word�

1,104,530

3 exp Kidney Failure/ 74,591
4 (renal insufficiency or kidney insufficiency or renal failure or kidney

failure or end stage renal disease$) .mp. �mp � title, original title,
abstract, name of substance word, subject heading word�

97,363

5 1 or 2 164,8661
6 3 or 4 98,483
7 5 and 6 27,021
8 mo.fs. or mortality.mp. �mp � title, original title, abstract, name of

substance word, subject heading word�
386,461

9 exp MORTALITY/ 149,421
10 exp Survival Analysis/ 58,242
11 exp Survival Rate/ 65,541
12 (death or survival).mp. �mp � title, original title, abstract, name of

substance word, subject heading word�
587,797

13 8 or 9 or 10 or 11 or 12 820,886
14 7 and 13 7404
15 exp RISK MANAGEMENT/ or exp RISK ASSESSMENT/ or exp RISK

ADJUSTMENT/ or exp RISK/ or exp RISK FACTORS/
392,263

16 exp Cohort Studies/ 515,876
17 exp Case-Control Studies/ 273,245
18 exp Odds Ratio/ 22,039
19 15 or 16 or 17 or 18 1,026,517
20 14 and 19 3571
21 from 20 keep 4, 7, 14, 26, 29 5
22 6 and 13 and 19 6874
23 22 not 20 3303
24 from 23 keep 20, 35, 45 3
25 limit 23 to all adult �19 plus years� 2424
26 limit 25 to yr � 1902-2004 2424
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