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ABSTRACT

BACKGROUND
Whether correction of anemia in patients with stage 3 or 4 chronic kidney disease im-
proves cardiovascular outcomes is not established.

METHODS
We randomly assigned 603 patients with an estimated glomerular filtration rate (GFR)
of 15.0 to 35.0 ml per minute per 1.73 m? of body-surface area and mild-to-moderate
anemia (hemoglobin level, 11.0 to 12.5 g per deciliter) to a target hemoglobin value in
the normal range (13.0 to 15.0 g per deciliter, group 1) or the subnormal range (10.5
to 11.5 g per deciliter, group 2). Subcutaneous erythropoietin (epoetin beta) was ini-
tiated at randomization (group 1) or only after the hemoglobin level fell below 10.5 g
per deciliter (group 2). The primary end point was a composite of eight cardiovascular
events; secondary end points included left ventricular mass index, quality-of-life scores,
and the progression of chronic kidney disease.

RESULTS
During the 3-year study, complete correction of anemia did not affect the likelihood
of a first cardiovascular event (58 events in group 1 vs. 47 events in group 2; hazard
ratio, 0.78; 95% confidence interval, 0.53 to 1.14; P=0.20). Left ventricular mass index
remained stable in both groups. The mean estimated GFR was 24.9 ml per minute in
group 1 and 24.2 ml per minute in group 2 at baseline and decreased by 3.6 and 3.1 ml
per minute per year, respectively (P=0.40). Dialysis was required in more patients in
group 1 than in group 2 (127 vs. 111, P=0.03). General health and physical function
improved significantly (P=0.003 and P<0.001, respectively, in group 1, as compared
with group 2). There was no significant difference in the combined incidence of ad-
verse events between the two groups, but hypertensive episodes and headaches were
more prevalent in group 1.

CONCLUSIONS
In patients with chronic kidney disease, early complete correction of anemia does not
reduce the risk of cardiovascular events. (ClinicalTrials.gov number, NCT00321919.)
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NEMIA IS A COMMON COMPLICATION OF

chronic kidney disease. However, the opti-

mal target hemoglobin levels for patients
with various stages of chronic kidney disease are
unclear. Anemia is strongly predictive of compli-
cations and death from cardiovascular causes in
patients with chronic kidney disease.* Observation-
al data indicate that correction of anemia is asso-
ciated with improved outcomes.*® However, the
normalization of hemoglobin in prospective tri-
als involving patients receiving hemodialysis did
not improve left ventricular indexes or decrease the
risk of death.o11

Among patients with chronic kidney disease,
the effect of correction of anemia may differ be-
tween those who require dialysis and those who do
not. The latter group generally has less advanced
cardiovascular disease and no risk of dialysis-
related increases in hemoglobin or vascular access
thrombosis. Several observational and small inter-
ventional studies of patients with chronic kidney
disease who were not receiving dialysis reported
an inverse relation between hemoglobin levels
and cardiovascular outcomes.'?* However, two
recent randomized studies did not confirm that
left ventricular mass decreased in response to
complete correction of anemia.'s:1°
In the Cardiovascular Risk Reduction by Early

Anemia Treatment with Epoetin Beta (CREATE)
trial, we tested the hypothesis that complete cor-
rection of anemia in patients with stage 3 or 4
chronic kidney disease improves cardiovascular
outcomes as compared with partial correction of
anemia.

METHODS

The trial was designed, implemented, and overseen
by the steering committee together with represen-
tatives of the sponsor, F. Hoffmann—La Roche. The
sponsor was responsible for monitoring the cen-
ters and the data collection and for checking the
quality of the data. The sponsor also conducted all
statistical analyses and holds the data. The mem-
bers of the steering committee had access to all
the study data, which they analyzed in close col-
laboration with the sponsor. The initial manu-
script was prepared by Drs. Driieke and Scherhag
and underwent several revisions with contribu-
tions from all coauthors. An independent data and
safety monitoring board (see the Appendix) re-
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viewed the data regularly. All cardiovascular end
points were reviewed and adjudicated by an end-
point committee (see the Appendix) whose mem-
bers were unaware of the group assignments of
the patients.

STUDY POPULATION
Eligible patients were enrolled at 94 centers in 22
countries. The study began in July 2000 and ended
in November 2004, 2 years after enrollment of the
last patient. Patients older than 18 years were eli-
gible for inclusion if they had mild-to-moderate
chronic anemia (hemoglobin level, 11.0 to 12.5 g
per deciliter) related to their chronic kidney dis-
ease, an estimated glomerular filtration rate (GFR)
0f 15.0 to 35.0 ml per minute per 1.73 m? of body-
surface area (calculated with the use of the Cock-
croft-Gault formula), and a blood pressure of 170/
95 mm Hg or less. The use of antihypertensive
treatment to achieve the target blood pressure was
encouraged. Major exclusion criteria were an
anticipated need for renal replacement therapy
within 6 months, advanced cardiovascular disease
(as defined by a diagnosis of clinically significant
valvular disease, congestive heart failure, myocar-
dial infarction, unstable angina, or stroke within
the preceding 3 months), nonrenal causes of ane-
mia, receipt of blood transfusions within the pre-
ceding 3 months, a serum ferritin level of less
than 50 ng per milliliter, a C-reactive protein level
exceeding 15 mg per liter, and previous treatment
with erythropoietin.

All patients provided written informed consent.
The study protocol was approved by local ethics
committees. The study was conducted in accor-
dance with Good Clinical Practice guidelines and
the Declaration of Helsinki.

STUDY PROTOCOL
This was an open-label, randomized, two-group
study with a parallel-group design. The primary ob-
jective was to investigate the effect on complica-
tions from cardiovascular causes of early treatment
with subcutaneous erythropoietin (epoetin beta
[NeoRecormon, F. Hoffmann—La Roche]) to nor-
malize hemoglobin values (target level, 13.0 to
15.0 g per deciliter; group 1), as compared with
treatment to partially correct anemia (target lev-
el, 10.5 to 11.5 g per deciliter; group 2). Secondary
study objectives included the investigation of the
effects of these treatments on the left ventricular
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