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Target Level for Hemoglobin Correction in Patients With
Diabetes and CKD: Primary Results of the Anemia Correction

in Diabetes (ACORD) Study

Eberhard Ritz, MD, PhD, Maurice Laville, MD, PhD, Rudy W. Bilous, MD, PhD,
Donal O’Donoghue, MD, PhD, Armin Scherhag, MD, Ulrich Burger, PhD,

and Fernando de Alvaro, MD, PhD, on behalf of the ACORD Investigators and Coordinators

Background: Patients with diabetes and anemia are at high risk of cardiovascular disease. The Anemia
CORrection in Diabetes (ACORD) Study aimed to investigate the effect of anemia correction on cardiac structure,
function, and outcomes in patients with diabetes with anemia and early diabetic nephropathy.

Methods: One hundred seventy-two patients with type 1 or 2 diabetes mellitus, mild to moderate
anemia, and stage 1 to 3 chronic kidney disease were randomly assigned to attain a target hemoglobin
(Hb) level of either 13 to 15 g/dL (130 to 150 g/L; group 1) or 10.5 to 11.5 g/dL (105 to 115 g/L; group 2).
The primary end point was change in left ventricular mass index (LVMI). Secondary end points included
echocardiographic variables, renal function, quality of life, and safety.

Results: Median Hb level and LVMI were similar in groups 1 and 2 (Hb, 11.9 and 11.7 g/dL [119 and
117 g/L]; LVMI, 113.5 and 112.3 g/m2, respectively). At study end, Hb levels were 13.5 g/dL (135 g/L) in
group 1 and 12.1 g/dL (121 g/L) in group 2 (P � 0.001). No significant differences were observed in
median LVMI at month 15 between study groups (group 1, 112.3 g/m2; group 2, 116.5 g/m2).
Multivariate analysis showed a nonsignificant decrease in LVMI (P � 0.15) in group 1 versus group 2.
Anemia correction had no effect on the rate of decrease in creatinine clearance, but resulted in
significantly improved quality of life in group 1 (P � 0.04). There were no clinically relevant differences in
adverse events between study groups.

Conclusion: In patients with diabetes with mild to moderate anemia and moderate left ventricular
hypertrophy, correction to an Hb target level of 13 to 15 g/dL (130 to 150 g/L) does not decrease LVMI.
However, normalization of Hb level prevented an additional increase in left ventricular hypertrophy, was
safe, and improved quality of life.
Am J Kidney Dis 49:194-207. © 2007 by the National Kidney Foundation, Inc.

INDEX WORDS: Diabetes; chronic kidney disease (CKD); left ventricular mass index; quality of life;
renal function.
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iabetes has become the most common co-
morbid condition of end-stage renal dis-

ase in Europe and the United States.1,2 In addi-
ion, diabetes is recognized as a major risk factor
or cardiovascular disease,3,4 and the risk is am-
lified further by the presence of diabetic ne-
hropathy. Accordingly, patients with both end-
tage renal disease and diabetes have a worse
rognosis than those without diabetes.5
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Left ventricular hypertrophy (LVH) is ob-
erved in approximately 75% of patients entering
ialysis therapy, and in addition, other cardiovas-
ular complications, such as chronic heart failure,
oronary artery disease, and peripheral arterial dis-
ase, are common.6,7 The burden of cardiovascular
isease therefore is greater; consequently, survival
ates are worse in patients with diabetes entering
ialysis than in those without this condition.5,8,9
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Target Level for Hemoglobin Correction in Diabetes 195
Anemia is a common feature of renal disease
nd is associated with increased mortality in
atients with chronic kidney disease (CKD),
articularly those with diabetes.5 Anemia also
as an effect on left ventricular mass. For ex-
mple, in a large prospective Canadian multi-
enter study, each decrease in hemoglobin (Hb)
evel of 0.5 g/dL (5 g/L) resulted in an increased
dds ratio for left ventricular mass by 32%.10

nemia also is an independent predictor of non-
lective hospitalization before and after initia-
ion of renal replacement therapy.11,12

In patients with end-stage renal disease, treat-
ent of anemia with recombinant human erythro-

oietin (epoetin) improves overall and cardiovascu-
ar event–free survival.11,13,14 Observational studies
uggested that early treatment of anemia in the
redialysis stage of CKD has a beneficial effect on
ortality after the patients are on dialysis

herapy.15-17 Two uncontrolled observational stud-
es18,19 and 1 small randomized controlled trial20

howed that anemia correction with epoetin led to
ess rapid deterioration in renal function and preven-
ion, or even regression, of LVH21-23 in patients
ith advanced CKD. Furthermore, small-scale stud-

es showed that epoetin treatment improved quality
f life in patients with diabetes with anemia and
arly renal disease.24,25

In view of these observations, it was proposed
hat early and complete, as opposed to partial
ate, anemia correction would have beneficial
ffects on left ventricular mass index (LVMI),
uality of life, and renal function in patients with
iabetes with mild to moderate anemia and CKD.

The Anemia CORrection in Diabetes (ACORD)
tudy is designed to investigate the effects of
nemia correction with epoetin beta (NeoRecor-
on; F. Hoffmann-La Roche Ltd, Basel, Switzer-

and) on cardiac structure, function, and clinical
utcomes in patients with diabetes and CKD not
et on renal replacement therapy. The primary
nd point was the effect of early versus late
reatment strategy for correction of renal anemia
n LVH assessed by echocardiographic measure-
ent of LVMI. Secondary objectives included

he effect of early and complete anemia correc-
ion on left ventricular volumes, left ventricular
unction, renal function, and various other clini-
al parameters, including quality of life and,

articularly, safety. c
METHODS

tudy Population

ACORD was an international, multicenter, randomized,
pen-label, parallel-group study involving 64 centers in 16
ountries. The study was performed in accordance with the
eclaration of Helsinki and guidelines for good clinical
ractice.26 The study protocol was approved by the respon-
ible ethical review boards at all participating centers.

The ACORD Study enrolled adult patients with type 1 or
ype 2 diabetes mellitus, mild to moderate anemia, and
arly-stage (stages 1 to 3) CKD. Major inclusion and exclu-
ion criteria used to ascertain study eligibility are listed in
able 1. All patients gave written informed consent before

nclusion in the study.

tudy Design

The ACORD Study design is shown in Fig 1. Eligible
atients who fulfilled the stipulated inclusion and exclusion
riteria were randomly assigned to receive either early and
omplete anemia correction to attain normal Hb levels
target Hb, 13 to 15 g/dL [130 to 150 g/L]; group 1) or partial
nemia correction (target Hb, 10.5 to 11.5 g/dL [105 to 115
/L]; group 2).
Randomization was performed centrally into 2 treatment

roups by using a block-size randomization procedure strati-
ed by country and use of angiotensin-converting enzyme

nhibitors and/or angiotensin receptor blockers. Patients in
roup 1 were started immediately on subcutaneous epoetin
eta treatment to reach a target Hb level of 13 to 15 g/dL
130 to 150 g/L) within approximately 3 months. Patients in
roup 2 were started on subcutaneous epoetin beta treatment
nly when their Hb level had decreased to less than 10.5
/dL (�105 g/L) on 2 consecutive visits at an interval of 2
eeks or if their Hb level decreased to less than 10 g/dL (100
/L) at a single determination. The starting dose of subcuta-
eous epoetin beta in both groups was 2,000 IU once
eekly, self-administered using the Reco-Pen (F. Hoff-
ann-La Roche Ltd) delivery device.
All patients had a clinical assessment at 6 weeks and 3
onths after starting treatment and at 3-monthly intervals

hereafter. In addition, during the correction phase of treat-
ent, patients must have returned to the clinic every 2 weeks

or assessment of Hb and any adjustment to epoetin beta
ose necessary to achieve a rate of increase in Hb not
xceeding 1 g/dL (10 g/L) every 4 weeks. The study was
cheduled to end after each patient had completed 15 months
f follow-up.

ole of the Funding Source
nd Study Committees

The trial was designed, implemented, and overseen by a
tudy Steering Committee, together with representatives of

he sponsor, F. Hoffmann-La Roche Ltd. The sponsor identi-
ed participating centers together with the Steering Commit-

ee and was responsible for monitoring the centers, data
ollection, and data cleaning. The statistical analysis plan
as agreed with the Steering Committee before database

losure. The Steering Committee was granted access to all
tudy data. Interpretation of all study data was done in close

ollaboration between the Steering Committee and the sponsor.
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Ritz et al196
Patient safety in the study was overseen by an indepen-
ent data safety committee, which reviewed the data regu-
arly. The data safety committee consisted of 3 experienced
linicians and an independent statistician (Appendix 1).

tudy End Points

The primary end point of ACORD was change from
aseline in LVMI at 15 months. Secondary end points
ncluded additional echocardiographic and clinical vari-
bles, such as left ventricular end-systolic and end-diastolic
olumes, left ventricular ejection fraction (LVEF), and frac-
ional shortening. Other echocardiographic variables, such
s geometry of the left ventricle and effects on concentric or
ccentric LVH, also were examined. Exploratory analyses
ncluded assessment of renal function at each scheduled visit
nd quality of life, assessed by using a self-administered
6-Item Short-Form Health Survey (SF-36) questionnaire at
aseline and study end.27,28 Renal function was assessed by
stimating glomerular filtration rate by using the Cockcroft-
ault and simplified 4-variable Modification of Diet in
enal Disease formulae.27-30 Echocardiographic measure-

Table 1. Major Inclusion and E

ajor inclusion criteria
Adults (�18 years) not yet requiring renal replacement th
Hb level of 10.5 to �13 g/dL at screening
Creatinine clearance �30 mL/min at screening
Diabetes mellitus (type 1/type 2) with stable glycemic co
One serum creatinine determination �3 mo before enrol
Documented diabetic nephropathy (ie, by proteinuria, ren
SBP � 140 mm Hg, DBP � 90 mm Hg at screening
ajor exclusion criteria
Rapid progression of chronic renal failure (eg, �20% inc
Need for renal replacement therapy expected within 6 m
Documented evidence of nondiabetic renal disease; nep
Chronic heart failure (New York Heart Association class
Myocardial infarction, unstable angina, or stroke in the 3
Evidence of clinically significant valvular disease
Hemolysis
Vitamin B12 or folic acid deficiency
Serum ferritin �50 ng/mL
Blood transfusions within the 3 mo before enrollment

Note: To convert Hb in g/dL to g/L, multiply by 10; ferritin
L/s, multiply by 0.01667.
ents were performed in accordance with recommendations
f the American Society of Echocardiography at baseline, after
months, and at study end31 (for details, see Appendix 2) and
ere assessed blinded for treatment by an independent

entral echocardiographic core laboratory (Cardio Analytics
td, Plymouth, UK).
Safety was assessed by continuous monitoring and collec-

ion of adverse events throughout the study. Vital signs and
aboratory parameters (including complete hematology and
lood chemistry test results) were collected at week 6,
onth 3, and every 3 months until study end.

tatistical Analysis

All primary, secondary, and exploratory analyses were
ased on the intent-to-treat principle. In addition, per-
rotocol analyses, which excluded major protocol violators,
ere conducted for the main efficacy variables. The primary

nd point (change in LVMI from baseline to study end) was
nalyzed by using analysis of covariance with treatment
roup as the main factor and baseline LVMI as covariate.
or analysis of secondary echocardiographic end points,

n Criteria for the ACORD Trial

r at least 3 mo
in addition to screening)
sy, or albuminuria and target-organ microangiopathy)

n serum creatinine in the 3 mo before enrollment)
enrollment
yndrome

fore enrollment

L to �g/L, multiply by 1; creatinine clearance in mL/min to

Figure 1. Study design and
patient (pt) disposition. �Two
patients from 1 center were ex-
cluded from all analyses be-
cause source verification for
the laboratory could not be per-
xclusio

erapy

ntrol fo
lment (
al biop

rease i
o after
hrotic s
III-IV)
mo be

in ng/m
formed and the center was
closed.
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Target Level for Hemoglobin Correction in Diabetes 197
uch as left ventricular end-systolic and end-diastolic vol-
mes, LVEF, and fractional shortening, a similar covariance
odel was used with treatment group as the main factor and

he respective baseline value as covariate.
For quality of life, mean total score on the SF-36 sub-

cales at the end of the study were calculated, and analysis of
ovariance was performed using baseline as an independent
ofactor. Other variables were analyzed qualitatively. Percent-
ges of patients with stable Hb levels, as well as other
omparisons between groups, were done by using chi-square
est. All values are reported as mean � SD or median value
ith the respective range or interquartile range (IQR).
Sample-size calculation for ACORD was based on the

rimary outcome variable, LVMI. The expected mean change
n LVMI from baseline to follow-up between the 2 study
roups was 20 g/m2. With a sample size of at least 64
ssessable patients per treatment arm, ACORD would have
ad 80% power to show this difference between study
roups. Assuming a 20% dropout rate during the course of
he study, it was calculated that recruitment of at least 160
atients (80 per treatment arm) was needed.

Table 2. Patient Ch

Group 1 Target Hb
(n � 88

ex (% men) 51
ge (y) 58 (49-69
eight (kg)* 75.6 (50.0-1
ody mass index (kg/m2) 28.5 (24.9-3
BP (mm Hg) 134 (126-1
BP (mm Hg) 78 (70-80
ype 1 diabetes (%) 27
Time since diagnosis (y) 20 (17-30

ype 2 diabetes (%) 73
Time since diagnosis (y) 16 (11-21
iabetic retinopathy (%) 84
bA1c (%) 8.2 (7.2-9.
ematology/iron variables
Hb (g/dL) 11.9 (11.3-1
Ferritin (ng/mL) 99 (69-16
Transferrin saturation (%) 22 (17-31
enal function
Urine protein excretion (g/24 h) 1.3 (0.5-3.
Creatinine clearance (mL/min) 51 (39-67
Serum creatinine (mg/dL) 1.58 (1.21-1

ipid variables
Low-density lipoprotein

cholesterol (mg/dL)
116 (89-14

High-density lipoprotein
cholesterol (mg/dL)

50 (39-66

Total cholesterol (mg/dL) 197 (166-2
Triglycerides (mg/dL) 151 (97-20

tatin treatment (%) 46
ibrate treatment (%) 7

Note: Values expressed as percent or median (IQR) unle
erritin in ng/mL to �g/L, multiply by 1; creatinine clearance
o �mol/L, multiply by 88.4; low-density lipoprotein cholest
g/dL to mmol/L, multiply by 0.02586; triglycerides in mg/d

*Median (range).
RESULTS

atients and Baseline Characteristics

One hundred seventy-two patients were ran-
omly assigned to the 2 treatment arms (group 1,
9 patients; group 2, 83 patients), of which 160
ompleted the study as planned (group 1, 85
atients; group 2, 75 patients; Fig 1). Two pa-
ients from a single center were randomly as-
igned, but were excluded from all analyses
ecause the center was closed due to major
iolation of Good Clinical Practice guidelines.
Patient baseline characteristics are listed in

ables 2 and 3. In general, baseline characteris-
ics were similar in the 2 groups. However,
edian body weight, body mass index, and creat-

nine clearance were significantly greater in group
compared with group 2. Furthermore, a greater

ristics at Baseline

g/dL Group 2 Target Hb, 10.5-11.5 g/dL
(n � 82) P

50 0.941
57 (47-66) 0.366

70.0 (41.5-110.0) 0.009
25.6 (23.1-29.5) 0.005
133 (126-139) 0.886
80 (71-80) 0.188

35 0.291
24 (21-31) 0.174

65 0.291
14 (9-19) 0.256

83 0.917
7.9 (6.8-8.7) 0.078

11.7 (11.3-12.0) 0.151
125 (62-212) 0.687
22 (18-29) 0.435

0.8 (0.4-2.9) 0.322
46 (35-55) 0.020

1.63 (1.26-2.17) 0.334

124 (104-159) 0.110

50 (43-62) 0.828

201 (174-232) 0.377
133 (97-213) 0.502

35 0.208
9 0.779

ed otherwise. To convert Hb in g/dL to g/L, multiply by 10;
in to mL/s, multiply by 0.01667; serum creatinine in mg/dL

gh-density lipoprotein cholesterol, and total cholesterol in
ol/L, multiply by 0.01129.
aracte

, 13-15
)

)
06.1)
0.7)
40)
)

)

)

2)

2.2)
3)
)

1)
)
.93)

3)

)

36)
4)

ss not
in mL/m
erol, hi
L to mm
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Ritz et al198
roportion of patients had type 2 diabetes in
roup 1 (73%) compared with group 2 (65%).
revious myocardial infarction and peripheral
ascular disease were the most commonly ob-
erved concomitant cardiovascular diseases (ex-
luding hypertension; Table 3).

In total, 89% and 84% of patients in group 1
nd group 2 received angiotensin-converting en-
yme inhibitors and/or angiotensin receptor
lockers with or without other antihypertensives,
espectively. Calcium channel blockers, loop di-
retics, and �-blockers were prescribed, with or
ithout angiotensin-converting enzyme inhibi-

ors and/or angiotensin receptor blockers, in 52%,
8%, and 23% of patients, respectively. Use of
ultiple antihypertensive medications was com-
on, with only 19.8% of patients receiving mono-

herapy. Half the patients received 3 or more
ntihypertensive agents.

Table 3. Cardiovascular Diseases at Baseline

Group 1
(n � 88)

Group 2
(n � 82)

hronic heart failure (%) 5 2
schemic heart disease (%) 25 14

Previous myocardial infarction 17 7
Coronary artery disease 5 7
erebrovascular disease, stroke (%) 6 5
VH (%) 5 4
eripheral vascular disease (%) 11 6
alvulopathies (%) 1 4
lectrocardiogram abnormalities (%) 5 1
ther cardiovascular diseases (%) 13 12

Note: LVH as reported by treating physician.
nemia Correction

At baseline, median Hb levels were 11.9 g/dL
119 g/L) in group 1 and 11.7 g/dL (117 g/L) in
roup 2 (Table 2). Epoetin beta treatment was
dministered to all patients in group 1 after random-
zation and was received at least once by all pa-
ients in this group during the study. Thirteen of 82
atients (16%) in group 2 received epoetin beta
reatment during the study to maintain their Hb
evel within the target range of 10.5 to 11.5 g/dL
105 to 115 g/L). Median Hb levels over time in the

treatment groups are shown in Fig 2. In accor-
ance with the study protocol, median Hb level
as within the target of 13 to 15 g/dL (130 to 150
/L) in group 1 by study end (13.5 g/dL [135 g/L])
nd slightly greater than the target of 10.5 to 11.5
/dL (105 to 115 g/L) in group 2 (12.1 g/dL [121
/L]). Changes in median Hb levels from baseline
o study end were 1.7 g/dL ([17 g/L]; IQR, 0.8 to
.6 g/dL [8 to 26 g/L]) in group 1 and 0.3 g/dL ([3
/L]; IQR, �0.5 to 1.0 g/dL [�5 to 10 g/L]) in
roup 2, with a significant difference in median Hb
evel of 1.4 g/dL (14 g/L) at study end between the
tudy groups (chi-square test; P � 0.001). Normal-
zation of Hb levels did not lead to an increase in
edian blood pressure by study end in group 1

systolic blood pressure [SBP], 134 mm Hg [range,
00 to 184 mm Hg]; diastolic blood pressure [DBP],
6 mm Hg [range, 58 to 100 mm Hg]; Fig 3).
imilarly, there was no change in median blood
ressure from baseline to study end in group 2
SBP, 134 mm Hg [range, 100 to 162 mm Hg];
BP, 80 mm Hg [range, 55 to 107 mm Hg]; Fig 3).

Figure 2. Median Hb (�
IQR) over time by treatment
group. Abbreviation: BL, base-
line. *Significant difference in
response rates between groups
at study end by chi-square test.

To convert Hb in g/dL to g/L,
multiply by 10.
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Target Level for Hemoglobin Correction in Diabetes 199
edian weekly epoetin beta dose required to main-
ain patients in group 1 within the protocol-
pecified target Hb level range was 46.1 IU/wk/kg
�3,500 IU/wk). Fifty-eight percent of patients in
roup 1 and 35.4% in group 2 received at least 1
ose of oral iron supplementation.

rimary End Point

There were no statistically significant differ-
nces in LVMI at baseline (mean LVMI: group
, 113.5 � 30.6 g/m2; group 2, 116.0 � 34.6
/m2), month 6 (group 1, 115.2 � 34.8 g/m2;
roup 2, 116.0 � 40.1 g/m2), and month 15
group 1, 112.3 � 32.9 g/m2; group 2, 116.5 �
5.6 g/m2) between the 2 study groups (Fig 4).
Additional analysis of LVMI by either quar-

iles (Table 4) or grouping of baseline LVMI

Figure 3. Median blood
ressure (� IQR) over time by
reatment group. Abbreviation:
L, baseline.
�100, �100 to �130, �130 to �160, and
160 g/m2; Fig 5) showed a greater numerical

ecrease in LVMI in patients with LVH at
aseline in group 1, a finding also observed in
ultivariate analysis (P � 0.15).

ther Echocardiographic Parameters

Echocardiographic variables, such as left ven-
ricular end-systolic and end-diastolic diameters,
nd posterior and septal wall thickness, LVEF,
nd fractional shortening were well balanced at
aseline in the 2 treatment groups, and there
ere no significant differences in these param-

ters from baseline to study end between the 2
tudy groups (Table 5). Notably, at baseline,
he frequency of patients with LVH was greater
n group 1 (47%) than group 2 (39%). By the
Figure 4. LVMI (mean �
SD) by treatment group.
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Ritz et al200
nd of the study, this imbalance in LVH preva-
ence at baseline was decreased through a
reater reduction in LVH prevalence at study
nd in group 1 (38%) compared with group 2
35%).

enal Function

At baseline, creatinine clearance (Cockcroft-
ault formula) was not significantly different
etween group 1 and group 2. In group 1,
edian creatinine clearance was 50.9 mL/min

[0.85 mL/s]; IQR, 38.7 to 67.2 mL/min [0.65
o 1.12 mL/s]), and in group 2, was 45.6
L/min ([0.76 mL/s]; IQR, 35.1 to 54.8 mL/
in [0.59 to 0.91 mL/s]). Urine protein excre-

ion was 1.3 g/24 h (IQR, 0.5 to 3.1 g/24 h) in
roup 1 and 0.8 g/24 h (IQR, 0.4 to 2.9 g/24 h) in
roup 2. From baseline to study end, a similar
ecrease in creatinine clearance was observed in
oth treatment arms. Median creatinine clear-

Table 4. LVMI Over Time

1

Group 1
Baseline 74.9 � 11.1 102.
Month 6 83.3 � 10.4 116.
Month 15 78.6 � 12.6 108.

Group 2
Baseline 77.6 � 7.6 99.
Month 6 82.3 � 20.25 96.
Month 15 88.1 � 18.35 96.

Note: Values expressed as mean � SD.
nce decreased by �5.5 mL/min ([�0.09 mL/s];
QR, �11.5 to �0.3 mL/min [�0.19 to �0.01
L/s]) in group 1 and by �3.4 mL/min ([�0.06
L/s]; IQR, �11.4 to �2.0 mL/min [�0.19 to
0.03 mL/s]) in group 2 (by means of Cockcroft-
ault formula; Fig 6). Similar results were ob-

erved when the simplified 4-variable Modifica-
ion of Diet in Renal Disease formula was used
or calculation of estimated glomerular filtration
ate. In group 1, the decrease was �5.1 mL/min
[�0.09 mL/s]; IQR, �10.7 to �0.1 mL/min
�0.18 to �0.00 mL/s]), and in group 2, was
3.9 mL/min ([�0.07 mL/s]; IQR, �12.1 to
1.8 mL/min [�0.20 to �0.03 mL/s]). Only 5

atients (2 patients, group 1; 3 patients, group 2)
ere referred for dialysis during the study pe-

iod. There also was no change in urine protein
xcretion in either group by study end (group 1,
.4 g/24 h [IQR, 0.4 to 3.2 g/24 h]; group 2, 0.9
/24 h [IQR, 0.4 to 2.2 g/24 h).

Figure 5. LVMI (mean �
SD) over time by degree of

MI Quartile at Baseline

Quartile

3 4

121.4 � 5.32 152.8 � 16.4
.9 127.5 � 26.0 138.3 � 27.0
.7 126.7 � 28.1 145.7 � 36.7

123.9 � 4.9 163.8 � 23.9
.5 127.5 � 18.6 150.5 � 41.3
.2 126.4 � 18.3 152.9 � 37.7
by LV

2

5 � 5.6
3 � 38
6 � 19

1 � 7.5
4 � 13
2 � 11
LVH at baseline. Abbreviation:
BL, baseline.
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uality of Life

Quality of life (by means of SF-36 for general
ealth) was significantly better in patients who
eceived early and complete anemia correction
group 1) compared with patients receiving par-
ial and late anemia correction (group 2). Mean
hange in general health score from baseline to
tudy end was �5.33 in group 1 compared with
0.33 in group 2 (P � 0.04).

afety

There were no differences in adverse-event rates
etween the 2 study groups. The most frequently
eported adverse events were vascular disorders
group 1, 23%; 20 patients; group 2, 16%; 13
atients). Of these, hypertension was reported as
he most frequent adverse event by 15 patients
17%) in group 1 (1 patient with hypertensive
risis) and 9 patients (11%) in group 2. No differ-
nce in cardiac adverse events was observed be-
ween the 2 study groups (group 1, 7%; 6 patients,

Table 5. Mean Change From Baseline to Study End in
by Trea

Mean Change

Left ventricular end-systolic volume index (m
Left ventricular end-diastolic volume index (m
LVEF (%)
Fractional shortening (%)
Left ventricular end-systolic diameter (cm)
Left ventricular end-diastolic diameter (cm)
Left ventricular posterior wall thickness (cm)
Left ventricular septal wall thickness (cm)

Figure 6. Median change
� IQR) in estimated glomeru-
ar filtration rate (eGFR) from
aseline over time by treat-
ent group, calculated from

reatinine clearance by means
f the Cockcroft-Gault formula.
bbreviation: BL, baseline. To
onvert eGFR from creatinine

learance in mL/min to mL/s,
ultiply by 0.01667.
ncluding 2 patients with myocardial infarction, 1
atient with angina pectoris; group 2, 6%; 5 pa-
ients, no patient with myocardial infarction, 1
atient with unstable angina pectoris). The annual-
zed cardiac event rate was approximately 4%. One
atient in group 2 presented with ischemic stroke.
eep vein thrombosis was reported in 2 patients in
roup 1. Other observed vascular events included
ntermittent claudication (2 patients in group 2),
ushing (1 patient in group 1), and hypotension,

hrombophlebitis, and vasculitis (1 patient per event
n group 2).

DISCUSSION

ACORD is the first prospective study to evalu-
te in patients with diabetes and CKD stages 2 to
the effects of early and complete anemia correc-

ion versus conventional partial anemia correc-
ion, as suggested by current guidelines.14,32 De-
pite differences in body weight, body mass
ndex, creatinine clearance, and frequency of

dary Echocardiographic and Other Clinical Variables
Group

Group 1 Group 2

3.95 3.90
1.73 3.65

�5.03 �3.92
0.83 2.42

�0.01 �0.10
0.05 0.01

�0.02 0.00
�0.03 0.01
Secon
tment

L/m2)
L/m2)
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ype 2 diabetes at baseline, there were no major
mbalances at baseline between study groups. In
roup 1, anemia correction with epoetin beta
esulted in a significant increase in Hb level (P �
.001) compared with group 2. However, the
nitial hypothesis of this study, namely, that early
nd complete anemia correction to an Hb target
evel of 13 to 15 g/dL (130 to 150 g/L; group 1)
ould result in a significant decrease in LVMI at
onth 15 compared with maintaining patients at
lower Hb target level of 10.5 to 11.5 g/dL (105

o 115 g/L; group 2), was not confirmed. As
hown in Fig 4, mean LVMI was stable in both
tudy groups across the entire observation pe-
iod. In line with the primary efficacy parameter
LVMI), there were no statistically significant
ifferences in any of the secondary or other
xploratory echocardiographic parameters be-
ween the 2 study groups.

The finding for the primary end point of this
tudy contrasts with previous reports in which
artial reversal of LVH was seen with epoetin
reatment.33,34 Importantly, in these previous stud-
es, Hb values at baseline were markedly lower
nd mean LVMI values were markedly higher
ompared with the present study enrolling pa-
ients with mild to moderate anemia (inclusion
riterion, Hb level of 10.5 to 12.5 g/dL [105 to
25 g/L]) and well-controlled blood pressure.
omparison of mean LVMI in this study with the
lassification of the American Society of Echocar-
iography (“moderately abnormal”: in women,
01 to 112 g/m2; in men, 117 to 130 g/m2)35

hows that in the present study, mean LVMI was
nly moderately abnormal, possibly pointing to
lowly improving management of patients with
iabetes with renal failure, although we cannot
xclude a selection artifact. At any rate, the
hance of seeing reversal thus was lessened. One
lso might argue that despite a clinically mean-
ngful (�1.4 g/dL [14 g/L]) and statistically
ignificant difference in median Hb levels (P �
.001) between the 2 study groups, the difference
ight have been insufficient to have a significant

mpact on LVMI.
The primary result of this study adds addi-

ional evidence to results of 3 recent studies
eported by Roger et al,36 Parfrey et al,37 and
evin et al.38 In all 3 studies conducted in highly
elected and well-controlled predialysis36,38 or

ialysis patients37 who had no severe LVH at v
aseline, no significant effects of Hb level in-
rease by epoetin treatment on LVMI was ob-
erved. Our finding of no significant regression
f LVH in patients without increased LVMI and
nly moderate degrees of anemia at baseline also
s in line with previous observations of Foley et
l39 and McMahon et al.40

When we assessed patients with increased
VMI at baseline in a subanalysis, a decrease in
VMI was observed that was more pronounced
n group 1 with early and complete anemia
orrection (Table 4; Fig 5). Regression of LVMI
as seen in the recent open-label intervention

rial of Ayus et al41 investigating patients with or
ithout diabetes and comprising a high propor-

ion of patients with LVH (68.3%). In this study,
poetin was administered only if Hb level was
ess than 10 g/dL (�100 g/L), with the objective
o increase Hb to values greater than 12 g/dL
�120 g/L). In patients receiving epoetin, mean
b level increased from 9.1 g/dL (91 g/L) to 11.3
/dL (113 g/L; P � 0.001), and mean LVMI at
aseline significantly decreased from 157 � 55.7
o 142 � 55.7 g/m2 (P � 0.007) within 6 months.

In contrast to the overall neutral finding for the
rimary and secondary echocardiographic param-
ters, quality of life improved significantly in
atients for whom anemia was corrected early
nd completely (P � 0.04). With respect to renal
unction, no difference in estimated glomerular
ltration rate was observed between the 2 study
roups. Importantly, there was no difference in
dverse events between groups and the annual
ardiac event rate was remarkably low, ie, 4%.

Baseline data from the ACORD Study show
hat a substantial proportion of the enrolled pa-
ients failed to meet treatment targets recom-
ended by current practice guidelines for pre-

enting cardiovascular disease in patients with
iabetes.42 The recommended targets were ex-
eeded for median SBP (�130 mm Hg) in ap-
roximately 67% to 72%, for low-density lipopro-
ein cholesterol level (�96.7 mg/dL [�2.5 mmol/
]) in 53% to 66%, and for HbA1c level (6.1%)

n 84% to 88% of patients.
Although in principle, all patients were eli-

ible for treatment with angiotensin-converting
nzyme inhibitors and/or angiotensin receptor
lockers, only 84% to 89% were administered
hese agents. �-blockers, proved to reduce cardio-

ascular mortality and morbidity,43-45 were
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argely underprescribed, with only 23% of pa-
ients receiving these agents.

Despite the reported benefits of statin treat-
ent for reducing low-density lipoprotein choles-

erol levels and reducing the risk of cardiovascu-
ar events in patients with diabetes,42,46,47 only
5% to 46% were administered statins and 53%
o 66% had low-density lipoprotein cholesterol
evels greater than those recommended by the
uropean guidelines (96.7 mg/dL [2.5 mmol/L]).42

Assessment of quality-of-life parameters us-
ng the SF-36 scale showed that early and com-
lete anemia correction was associated with a
ignificantly greater improvement from baseline
o study end in general health compared with
artial anemia correction. Although not signifi-
ant, there also was greater improvement from
aseline in vitality in group 1 compared with
roup 2. These improvements were similar to
hose observed by Rossert et al.48 Both studies
howed the beneficial impact that early and com-
lete anemia correction can have on patient qual-
ty of life.

In the Cardiovascular Risk Reduction in Early
naemia Trial with Epoetin beta (CREATE)

tudy, earlier start of dialysis treatment was noted
n some patients randomly assigned to a higher
b level target.49 In the present study, serum

reatinine concentration was monitored regu-
arly. Creatinine clearance and doubling of se-
um creatinine level were not significantly differ-
nt in the 2 treatment groups, suggesting a similar
ate of progression of CKD. Similarly, there was
o difference between treatment groups in fre-
uency of patients requiring dialysis (group 1, 2
atients; group 2, 3 patients). Findings with
espect to renal function confirm the observation
f Rossert et al,48 who found no significantly
reater decrease in glomerular filtration rate in
atients randomly assigned to an Hb target level
f 13 to 15 g/dL (130 to 150 g/L).
Importantly, safety profiles of the 2 study

roups were very similar in terms of frequency
f adverse events. In contrast to previous reports,
lthough the most frequent adverse event was
ypertension, there were no significant differ-
nces in blood pressure until study end.

A remarkably low annual cardiovascular event
ate of approximately 4% was observed, with no
ifferences between study groups. This cardiovas-

ular event rate is much less than cardiac event S
ates reported in previous studies, eg, 15% in a
anadian cohort study examining patients with
ild to moderate renal insufficiency.10 The low

ardiovascular event rate observed in our study
ay be explained by excluding patients with

evere anemia. Furthermore, an Hb level de-
rease to less than 10.5 g/dL (�105 g/L) was
revented by protocol. In addition, use of such
ardioprotective agents as �-blockers, statins,
spirin, and angiotensin-converting enzyme in-
ibitors may have contributed to the low cardio-
ascular event rate.
In conclusion, this study is designed to investi-

ate the effect of early and complete versus late
nd partial anemia correction in patients with
iabetes with mild to moderate anemia and CKD
tages 2 to 3. Overall, no significant decrease in
VMI was seen in the overall study population.
his finding is explained most plausibly by the
trict inclusion criteria of the study, resulting in
nrollment of a study population with only mod-
rately increased LVMI. Of note, early and com-
lete anemia correction was associated with a
ignificant improvement in quality of life and did
ot result in increased cardiac risk or accelerated
enal progression.
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APPENDIX 1: STUDY ORGANIZATION

Study Steering Committee: Professor E. Ritz,
epartment of Internal Medicine, University of
eidelberg, Heidelberg, Germany; Professor M.
aville, Department of Nephrology, Université
laude Bernard, Lyon, France; Professor R.
ilous, Education Centre, James Cook Univer-

ity Hospital, Middlesbrough, UK; Dr D.
’Donoghue, Department of Renal Medicine,
ope Hospital, Salford, UK; Dr F. de Alvaro,

ervicio de Nefrología, Hospital Universitario
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a Paz, Madrid, Spain; Professor Dr A. Scherhag
nonvoting member), F. Hoffmann-La Roche Ltd,
asel, Switzerland, and I. Medical Clinic, Univer-

ity Hospital Mannheim, Germany.
Data and Safety Monitoring Board: An inde-

endent Data and Safety Monitoring Board
onsisting of 2 experienced clinicians (1 neph-
ologist and 1 diabetologist) and 1 independent
iostatistician was appointed to review safety
ata at regular intervals. In the event of unaccept-
ble safety findings, the Data and Safety Monitor-
ng Board had the authority to suggest discontinu-
tion of the trial to the Steering Committee and
he sponsor.

Sponsor: F. Hoffmann-La Roche Ltd, Basel,
witzerland.

APPENDIX 2: ECHOCARDIOGRAPHIC
METHODS

Echocardiographic assessments were per-
ormed at screening (baseline), month 6, and end
f study according to the recommendations of
he American Society of Echocardiography.31

ll echocardiographic examinations were docu-
ented on videotape or similar recording media.
he standard formulae used for calculation of the

eported echocardiographic parameters are given
ext. Presence of LVH was defined as LVMI
reater than 100 g/m2 in women and greater than
30 g/m2 in men.

rimary End Point

LVMI (g/m2):

VMI [g ⁄ m2]

�

0.8 [1.04{(LVEDD � IVS � PWT)3

� (LVEDD)3}] � 0.6
BSA

(1)

econdary Echocardiographic End Points

Left ventricular (LV) end-systolic and end-
iastolic volume (mL/m2) and indices (left ven-
ricular end-systolic [LVESVI] and end-diastolic
olume index [LVEDVI] in mL/m2):

V volume [mL ⁄ m2]
7

2.4 � LVEDD
�LVEDD)3
�
BSA

(2)
p

VESVI (mL/m2):

LVESVI �
LVESV

BSA
(3)

VEDVI (mL/m2) after 15 months, defined as:

LVEDVI �
LVEDV

BSA
(4)

VEF (%):

LVEF �
LVEDV � LVESV

LVEDV
� 100% (5)

VFS (%):

ractional shortening [%]

�
LVEDD � LVESD

LVEDD
* 100 (6)

ther abbreviations used in formulas:
VEDD � left ventricular end-diastolic diam-
ter (cm)
VESD � left ventricular end-systolic diameter
cm)
VS � interventricular septal wall thickness in
iastole (cm)
WT � left ventricular posterior wall thickness

n diastole (cm)
SA � body surface area (m2)
VESV � left ventricular end-systolic volume
mL)
VEDV � left ventricular end-diastolic volume
mL)

APPENDIX 3: INVESTIGATORS (NUMBER OF
RECRUITED PATIENTS)

Austria: P. Balcke, Landeskrankenhaus St
oelten, St Poelten (3); G. Biesenbach, Allg
effentl Krankenhaus Der Stadt Linz, Linz (3);
elgium: J. Sennesael, Academisch Ziekenhuis
rije Universiteit Brussel, Brussels (3); C. Tiele-
ans, Hopital Erasme, Brussels (5); G. Verpoo-

en, Universitair Ziekenhuis Antwerp, Edegem
5); China: T.M. Chan, Queen Mary Hospital,
niversity of Hong Kong, Hong Kong (10);
zech Republic: M. Hertlova, Fakultativn
emocnice, Brno (13); Z. Kosatikova, Faculty
ospital, Olomouc (1); S. Schwarzova, Hospital
avirov, Havirov (3); I. Valkovsky, Faculty Hos-

ital, Ostrava (18); Denmark: K. Rasmussen,
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oskilde Amtssygehuset, Roskilde (9); K. Soel-
ing, Holbaek Centralsygehus, Holbaek (1); G.
teffensen, Fredericia Sygehus, Fredericia (8);
. Strandgaard, Herlev Amtssygehus, Herlev (10);
inland: A. Koistinen, Keski-Suomen Keskus-
airaala, Jyvaeskylae (16); J. Mustonen, Tam-
ere University Hospital, Tampere (4); France: P.
ataille, Centre Hospitalier de Boulogne Sur
er, Boulogne (10); B. Canaud, Chu Hopital

apeyronie, Montpellier (7); G. Choukroun,
roupe Hospitalier Sud, Amiens (8); C. Combe,
roupe Hospitalier Pellegrin, Bordeaux (5); B.
aller, Centre Hospitalier Louis Pasteur, Colmar
6); J.P. Grunfeld, Group Hopitalier Necker-
nfants Malades, Paris (5); M. Kessler, Hopital
’Adultes de Brabois, Vandoeuvre-Lès-Nancy
4); M. Laville, Hopital H. Herriot, Lyon (5); F.
chillinger, Centre Hospitalier, Troyes (2); P.
imon, Centre Hospitalier la Beauchee, Saint
rieuc (13); L. Yver, Centre Hospitalier,
ngouleme (8); Germany: U Frei, Charite, Vir-

how Klinikum, Humboldt Universtitaet, Berlin
6); L. Schramm, Facharztpraxis Fuer Innere

edizin, Wuerzburg (2); G. Schultze, Nephrolo-
isches Zentrum, Villingen-Schwenningen (5);
reece: D. Memmos, Hippokratio Hospital, Thes-

aloniki (4); C. Stathakis, Laiko General Hospi-
al, Athens (6); D. Tsakiris, General Hospital of
eria, Veria (5); Ireland: P.J. Conlon, Beaumont
ospital, Dublin (1); Italy: S. David, Ospedale di
arma, Parma (6); P. Altieri, Ospedale G. Brotzu,
agliari (2); G. Buccianti, Ospedale Civile
assini, Cinisello Balsamo (3); S. Cantaro,
zienda Ospedale Universita di Padova, Padova

4); V. de Cristofaro, Ospedale Civile di Sondrio,
ondrio (3); C. de Pascale, Azienda Ospedaliera
D. Cotugno”, Napoli (4); S. di Guilio, Ospedale
. Camillo, Roma (1); A. Giangrande, Ospedal di
ircolo, Busto Arsizio (2); F. Locatelli, Ospedale
lessandro Manzoni, Lecco (20); C. Meloni,
spedale S. Eugenio, Roma (7); G. Panzetta,
spedale di Cattinara, Trieste (3); A. Sessa,
spedale Civile di Vimercate, Vimercate (1); C.
tallone, Ospedale Casa Sollievo della Soffer-
nza, San Giovanni Rotondo (3); S. Stefoni,
oliclinico S. Orsola-Malpighi, Bologna (6); G.
illa, Fondazione S. Maugeri, Pavia (8); Mexico:

.A. Barbosa, Centro de Investigacion del No-
oeste, Tijuana (9); T.M. Bochicchio, Unidad de
nvestigacion Clinica Cuernavaca, Mexico (12);

orway: H. Gudmundsdottir, Ullevael Sykehus, (
slo (7); Poland: K. Bidas, Wojewodzki Szpital
pecjalistyczny, Kielce (9); M. Klinger, Aka-
emia Medyczna im. Piastow Slaskich, Wroclaw
17); B. Rutkowski, SPSK Nr 1 ACK AM,
dansk (13); W. Sulowicz, Collegium Medicum
niwersytetu Jagielonskiego, Krakow (25); Por-

ugal: A.C. Nogueira, Hospital Sams, Lisboa (1);
.J. Pais, Hospital Sta. Cruz, Carnaxide (4); M.

estana, Hospital Sao Jao, Porto (3); P. Ponces,
ospital Garcia de Horta, Almada (3); Russian
ederation: V. Ermolenko, Russian MedicalAcad-
my of Postgraduate Education, Moscow (4); N.
hasabov, Central Republican Clinical Hospital
2, Moscow (4); M. Komandenko, St Petersburg
tate Medical Academy Mechnikov, St Peters-
urg (1); N. Tomilina, Research Institute of Trans-
lantology and Artificial Organs, Moscow (4); A.
emtchenkov, St. Petersburg State Medical Acad-
my Mechnikov, St Petersburg (5); Spain: J.-M.
ruz, Fundacion Hospital Universitario La Fe,
alencia (4); J.L. de Miguel Alonso , Hospital de
a Paz, Madrid (12); J.L. Fernandez , Hospital
eneral Universitario Gregorio Maranon, Ma-
rid (9); L. Palop, Hospital General de Gran
anaria Doctor Negrin, Las Palmas de Gran
anaria (2); L. Piera, Hospital General Vall
’Hebron, Barcelona (8); Sweden: C. Frisenette-
ich, Laenssjukhuset Ryhov, Jonkoping (5); F.D.
ielsen, Sas Boras Hospital, Boras (3), E. Olaus-

on, Sundsvall Hospital, Sundsvall (4); M. Soe-
erhaell, Karolinska Hospital, Stockholm (7); M.
idman, Oerebro Medical Center Hospital, Öre-
ro (6); L.G. Weiss, Central Hospital, Karlstad
5); Taiwan: J.-J. Huang, National Cheng Kung
niversity Hospital, Tainan (20); K.-S. Shu, Vet-

rans General Hospital, Taichung (11); K.-D.
u, National Taiwan University Hospital, Taipei

13); C.-C. Yu, Chang Gung Memorial Hospital,
aoyuan (6); Thailand: D. Lumlertgul, Maharaj
akorn Chiang Mai Hospital, Chiang Mai (4);
. Vareesangthip, Siriraj Hospital, Mahidol Uni-
ersity Faculty of Medicine, Bangkok (8); Tur-
ey: M. Arici, Hacettepe University of Medicine
aculty, Ankara (2); E. Erek, Istanbul University
errahpasa Medical Faculty, Istanbul (1); G.
ergisoglu, Ankara University Faculty of Medi-

ine, Ankara (10); M. Ozkahya, Ege University
aculty of Medicine, Izmir (10); United King-
om: P. Andrews, St. Helier Hospital, Carshalton
4); E. Brown, Charing Cross Hospital, London

1); I. Macdougall, King’s College Hospital,
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ondon (15); A.P. Maxwell, Belfast City Hospi-
al, Belfast (12); M. Rogerson, Royal Southamp-
on Hospital, Southampton (9); R. Wilkinson,
reeman Hospital, Newcastle Upon Tyne (3), G.
ood, Hope Hospital, Salford (1).
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