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Chronic kidney disease (CKD) is now accepted as an independent cardiovascular
disease (CVD)-risk state, regardless of its underlying cause. Anemia is a common
feature of CKD, particularly in end-stage renal disease. Anemia is also independently
associated with poorer outcomes in a wide variety of CVD states, including congestive
heart failure and coronary artery disease. Anemia appears to act as an independent
mortality multiplier when hemoglobin levels drop below 12 g/dL. With the independent
and profound contribution of both CKD and anemia to cardiovascular mortality and
morbidity, understanding the pathophysiologic links among these disease states is
important. In addition, it is hoped that treatments currently under active investigation
and geared specifically to attenuate the cardiovascular risk associated with anemia and
CKD, such as erythropoietin therapy, will improve outcomes. This article reviews the
evidence for an association among CKD, anemia, and CVD. 
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Chronic kidney disease (CKD) is now recognized as an independent and
accelerated cardiovascular risk state.1,2 The relationship between CKD
and cardiovascular risk is independent of the etiology of renal insult.

Evidence is mounting that cardiovascular risk increases at levels of renal func-
tion that were once felt to be normal or borderline deficient. Relying on serum
creatinine (Cr) as the standard measure has led to systematic overestimation of
renal function and underestimation of the degree of dysfunction, as well as
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underestimation of cardiovascular
risk in these patients (Table 1). The
most reliable way to recognize CKD
is to estimate glomerular filtration
rate (eGFR) from equations that uti-
lize age, gender, race, and serum Cr
measures. In addition, the presence
of urinary microalbumin, defined as
an albumin:creatinine ratio (ACR)
greater than 30 mg/g on a random
urine specimen, reflects the presence
of kidney damage and specifically
microvascular dysfunction. Current
guidelines define CKD as an eGFR
less than 60 mL/min/1.73 m2 or
ACR greater than 30 mg/g.3 Stage 1
CKD extends the definition to pa-
tients with normal or raised GFR
(�/� 90), if any kidney damage is
evident. The presence of urinary mi-
croalbuminuria seems to add incre-
mental cardiovascular risk to pa-
tients with CKD. In the United
Kingdom Prospective Diabetes Study
(UKPDS), diabetics with no evidence
of nephropathy had an annual car-
diovascular mortality rate of 0.7%.
With the progression to microalbu-
minuria, macroalbuminuria, and,
finally, elevated serum Cr or renal
replacement therapy, annual car-

diovascular mortality rates in-
creased to 2.0%, 3.5%, and 12.1%,
respectively.4

We have recently begun to appreci-
ate the ramifications of CKD on
adverse outcomes in patients with
cardiovascular disease (CVD).5 Ane-
mia is one of approximately 2 dozen
metabolic/hematologic targets, in-
cluding insulin resistance, dyslipi-
demia, and platelet dysfunction, that

are typical of CKD and may influence
resultant CVD risk.6 Among patients
with CKD, diabetes is recognized as a
traditional CVD risk factor and ane-
mia is now considered a nontradi-
tional, though modifiable, risk factor
(Figure 1).7 This paper will focus on
the link that anemia seems to pro-
vide between CKD and CVD risk. 

Definition and Prevalence 
of Anemia
The most commonly used definition
of anemia is put forth by the World
Health Organization and specifies a
hemoglobin (Hb) level lower than
13 g/dL in men and lower than
12 g/dL in women. Approximately
9% of the general adult population
meets the definition of anemia at
these levels. In patients with CKD,
the prevalence of anemia increases
as the level of renal function de-
creases. In patients with heart failure
(HF), the prevalence of anemia in-
creases from 9% in patients with
New York Heart Association (NYHA)
functional class I HF, to 19% in class
II patients, and to 79% in class IV HF
patients. Nearly 60% of patients with
significant CKD also have anemia.8

Table 1
Serum Creatinine Corresponding to an eGFR of 60 mL/min/1.73 m2

European American African American

Age (y) Men Women Men Women

30 1.47 1.13 1.73 1.34

40 1.39 1.08 1.65 1.27

50 1.34 1.03 1.58 1.22

60 1.30 1.00 1.53 1.18

70 1.26 0.97 1.49 1.15

80 1.23 0.95 1.46 1.12

Calculations in this table assume a weight of 72 kg and body surface area of 1.73 m2. Units for serum
creatinine are mg/dL (multiply by 88.4 �mol/L � 1 mg/dL).
eGFR, estimated glomerular filtration rate.
Reprinted with permission from the National Kidney Foundation. Am J Kid Disease.
2002;2(suppl 1):S46-S75.

Cardiovascular Risk Factors in Chronic Kidney Disease
Traditional Risk Factors Nontraditional Risk Factors
• Increasing age
• Male sex
• Hypertension
• Higher LDL
• Lower HDL
• Diabetes
• Smoking
• Physical inactivity
• Menopause
• Family history of CVD
• LVH

• Albuminuria
• Homocysteine
• Lipoprotein(a) and apolipoprotein(a) isoforms
• Lipoprotein remnants
• Anemia
• Abnormal calcium/phosphate metabolism
• Extracellular fluid volume overload
• Electrolyte imbalance
• Oxidative stress
• Inflammation (C-reactive protein)
• Malnutrition
• Thrombogenic factors
• Altered nitric oxide/endothelin balance

Figure 1. Traditional and nontraditional cardiovascular disease (CVD) risk factors among patients with chronic kid-
ney disease. HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVH, left ventricular hypertrophy. Adapted
from Sarnak et al.7



This prevalence of anemia in pa-
tients with CKD and CVD, as well as
its ease of diagnosis and association
with increased risk, logically makes it
a potential therapeutic target. 

Risk Factors for Anemia
Reduced Estimated Glomerular 
Filtration Rate 
Anemia is a common feature of
end-stage renal disease (ESRD) but it

also accompanies lesser reductions
in kidney function.9 The degree of
anemia roughly approximates the
severity of kidney dysfunction and
reduction in renal mass. The reduc-
tion in functional renal parenchyma,
the source of erythropoietin synthe-
sis, creates a relative deficiency
of erythropoietin-� (EPO), subse-
quently decreased bone-marrow
production of red blood cells, and
anemia.10

Anemia is one of the most charac-
teristic and visible manifestations of
CKD, and contributes to multiple
adverse outcomes, in part due to
decreased tissue oxygen delivery and
utilization.11,12 A significant correla-
tion between hematocrit (Hct) and
Cr clearance (CrCl) has been found
to occur in patients with an eGFR
below 45 mL/min/1.73 m2.10 Anemia
is a predictable consequence of pro-
gressive renal insufficiency and oc-
curs well before patients progress to
ESRD. In patients with serum Cr
between 2.1 and 4.0 mg/dL, the
prevalence of anemia is 34% and
in those with serum Cr greater than
5.0 mg/dL, prevalence is 74%.13

Diabetes
Diabetes mellitus is one of the major

risk factors for CKD and is the lead-
ing cause of ESRD.3 As diabetes pro-
gresses, the basement membrane of
the glomeruli thickens due to the
process of glycosylation, causing
an increase in intrarenal pressure,
with the development of CKD,
decreased production of EPO, and
anemia. What differentiates diabetic
nephropathy from other causes of
CKD is the earlier occurrence of ane-

mia at a given stage of renal dys-
function.14 The anemia seen in dia-
betics has been thought to relate
to uremia in advanced diabetic
nephropathy. However, diabetes
affects the hematologic system in a
variety of ways beyond changes in
EPO production, including a reduc-
tion in the red-cell life span.10,11,15,16

The kidney produces 90% of EPO in
the body, whereas the liver produces
10%.8 In subjects with normal renal
function, the main stimulus for EPO

production is hypoxia (Figure 2).
Normal plasma EPO levels range be-
tween 10 and 30 IU/mL. However,
during anemic periods, these
levels may be elevated as high as
100 IU/mL. There are suggestions
that EPO synthesis is impaired in pa-
tients with diabetes.17

In patients with CKD, there ap-
pears to be a relative deficiency in
EPO and an inappropriately low EPO
level for the corresponding measured
blood Hb level.8 Anemia is increas-
ingly common as eGFR drops below
60 mL/min/1.73 m2 and, for any par-
ticular degree of CKD, diabetics seem
to have a higher prevalence of ane-
mia (Figure 3).18 Kojima and cowork-
ers have reported inappropriately
low levels of EPO in persons with
diabetes mellitus in the absence of
uremia.15 Yun and associates showed
that diabetic patients with anemia
and no overt kidney disease had
lower levels of EPO than nondiabetic
patients with anemia at any given
levels of Hb.19

It is becoming increasingly clear
that a relationship also exists be-
tween the development of diabetic
neuropathy and anemia. Reports
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Figure 2. Reduced oxygen
delivery to the kidney
stimulates erythropoietin
production. BFU-E, Burst
forming units-erythroid;
CFU-E, Colony forming
units erythroid. Repro-
duced with permission
from Erslev AJ. Erythropoi-
etin. N Engl J Med.
1991;324:1339-1344.

Anemia is one of the most characteristic and visible manifestations of CKD,
and contributes to multiple adverse outcomes, in part due to decreased tissue
oxygen delivery and utilization.
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have shown that the development of
autonomic neuropathy with subse-
quent renal denervation may be a
factor in the blunted endogenous
response of diabetics and the de-
creased sensitivity of their oxygen
sensors to lower levels of Hb.12 Thus,
a variety of factors seem to influence
the development of anemia in dia-
betics, including the onset of CKD-
related decreases in EPO synthesis,
blunted EPO response to hypoxia,
and decreased erythrocyte survival. 

Pathophysiology of Anemia 
of Chronic Disease
The exact cause of what has been
referred to as anemia of chronic dis-
ease in patients with CKD and/or
CVD is not known. However, there
are multiple factors that have been
implicated in the development of
this problem, in addition to a de-
crease in EPO production. These
include iron deficiency, acute and
chronic inflammatory conditions,
reduced red cell survival, hyper-
parathyroidism, folate deficiency,
and hypothyroidism. Heart failure
itself may contribute to the de-
velopment of anemia of chronic
disease.

Renal Failure
There are at least 2 plausible mecha-
nisms to account for the relatively
low EPO level associated with ane-
mia in persons with diabetes and
moderate reductions in kidney func-
tion. Renal denervation attributable
to diabetic autonomic neuropathy
can reduce splanchnic sympathetic
stimulation of EPO production.8

Also, diabetes may adversely affect
peritubular and interstitial structures
in the renal cortex, the site of EPO
production, even prior to the devel-
opment of overt nephropathy. This
might attenuate the release of EPO in
response to the hypoxic stimuli of
anemia.8 Both diabetes and reduced
kidney function have been linked to
depressed androgen levels.20 Andro-
gens stimulate erythropoiesis by
increasing EPO production and by
directly influencing the function of
marrow stem cells.20

Heart Failure
Heart failure, which shares many of
the neurohormonal and inflamma-
tory systemic features of CKD, is also
related to anemia.8 As HF worsens,
there are increased levels of tumor
necrosis factor-�, interleukins 1 and

6, endothelin, matrix matallopro-
teinases, and other inflammation-
related proteins that are produced by
the liver, heart, and vasculature.21

These factors can work to directly
reduce red blood cell production at
the level of the bone marrow. In ad-
dition, they act to decrease the renal
production of EPO. For this reason,
multivariate analyses have consis-
tently shown an independent rela-
tion between HF severity and ane-
mia, even when controlling for renal
function.8

Chronic volume expansion due to
salt and water retention in patients
with CKD and HF may result in he-
modilution and lower measured Hb
levels. Studies of total body blood
volume in HF patients support, to
some degree, the notion that he-
modilution contributes to measured
Hb in a complete blood count test.22

However, it is unlikely that hemodi-
lution alone accounts for all of the
Hb reduction observed. 

Malnutrition, Catabolism, 
and Oxidative Stress
Malnutrition associated with both
cardiac and renal failure has been
attributed to elevated levels of cy-
tokines, anorexia, and decreased
caloric intake.8 In addition, there
appear to be measurable levels of
protein-calorie malnutrition and
skeletal myopathy in patients with
cardiorenal disease.8 Degrees of iron,
folate, and vitamin B12 deficiency
may further worsen anemia.23 In pa-
tients with reduced renal function,
anemia, and HF, a catabolic state and
malnutrition can lead to reduced lev-
els of serum albumin.24

There is a normal, steady-state
balance in the body between the pro-
duction of free radicals and their de-
struction by antioxidant systems.25

Red blood cells are mobile scav-
engers of reactive oxygen species
(ROS).26 They provide protection to
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Figure 3. Frequency of anemia according to estimated glomerular filtration rate (GFR) and diabetes status. Repro-
duced with permission from El-Achkar et al.18



tissues and organs through their
antioxidant enzymes, including RBC
glutathione peroxidase, RBC glu-
tathione reductase, and RBC super-
oxide dismutase. Thus, increased
oxidative stress can arise as a conse-
quence of anemia. The increase in
ROS is manifested by an increase in
oxidant markers and/or a decrease
in antioxidant markers.25-27 Oxida-
tive stress is increased in HF and
CKD25,27 and it may be an important
contributor to the severity of these
conditions. Further, oxidative stress
can work in a feedback loop to
worsen anemia.8

Anemia and Progression of
Heart and Kidney Disease
A reduced blood Hb level has been
linked to higher rates of incident CVD
in the Atherosclerosis in Communi-
ties at Risk (ARIC) Study (Figure 4).28

Part of this increased rate may be at-
tributable to increases in left ventricu-
lar mass. In the Framingham Study,
among 1376 men and 1769 women
without hypertension and CVD,
every 3% reduction of hematocrit was
associated with a 2.6 g/m higher

mean left ventricular mass index in
men and a 1.8 g/m higher mean left
ventricular mass in postmenopausal
women, after adjustment for con-
founders.29 Among patients with
CKD, for every 1 g/dL reduction in
Hb, there is a 6% increased risk of left
ventricular hypertrophy (LVH).30 In
fact, at the time of dialysis initiation,
74% of patients with ESRD have mea-
surable LVH.31

Among diabetics, anemia has been
associated with an overall higher
prevalence of existing CVD.32 In a
recently presented study of patients
screened for CKD, those patients
with microalbuminuria, anemia, and
eGFR � 30 mL/min/1.73 m2, there
was a greater than 70% prevalence
of CVD (Figure 5).33 In addition to
hypertension, myocardial infarction,
LVH, and HF, stroke has been found
to be more common among those
with an eGFR lower than 60 mL/
min/1.73 m2 and anemia.34

Anemia and kidney function are
inextricably linked as discussed
above, given the kidney’s important
role in EPO production.8 However,
there are data to suggest that anemia
itself leads to worsening renal func-
tion. In the Reduction of Endpoints
in NIDDM with the Angiotensin II
Antagonist Losartan (RENAAL) trial,
diabetic nephropathy patients with
anemia (Hb � 11.3 g/dL) had a
2-fold adjusted increased risk of
progressing to ESRD during the
follow-up period (Figure 6).35 Thus, it
appears that anemia is both a
cause and result of progressive
kidney disease.
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Anemia and All-Cause 
Mortality
In patients with CKD, anemia is a
straightforward multiplier of mortal-

ity. In a recent review, 28 of 29 large
prospective studies of HF determined
anemia to be an independent predic-
tor of mortality.36 On average,
among those patients with HF, for
each 1 g/dL decrement in Hb, there
is a 13% increased risk for all-cause
mortality.37

Anemia has also been associated
with reduced functional capacity
and increased hospitalizations in pa-
tients with HF.38 How the anemic
condition leads to a more malignant
course of HF is not clear. It may be re-
lated to increased cardiac work and
neurohormonal activation resulting
from tissue hypoxia, leading to wors-
ening of HF, and to the exacerbation
of underlying ischemic heart disease,
arrhythmias, and, ultimately, acute
coronary syndromes. The effects of
anemia on left ventricular geometry

may explain at least part of the con-
nection between anemia and HF. Re-
gression of LVH has been observed in
patients with CKD after correction of

anemia with EPO and may be a key
mechanism for the observed im-
provement in HF symptoms.39 This

positive effect on ventricular geome-
try may be related to either a direct
effect of EPO, improved tissue oxy-
gen delivery, reduced cytokines/
oxidative stress, or a yet to be discov-
ered metabolic effect mediated by
red blood cells, or their progenitors,
on the myocardium.40,41

Worsening Anemia—A 
Dynamic Signal in Heart 
Failure
The relative change in blood Hb levels
in patients with CVD is a dynamic
signal of disease severity. As Hb drops
over time, there are gradations of in-
crease in HF hospitalizations and
death.42 Conversely, those patients
who have had a rise in Hb, whether
due to improved nutrition, reduced
neurohormonal activation, or other,
unknown factors, enjoy a significant
reduction in adverse endpoints over
the ensuing several years. In the Ran-
domized Etanercept North American
Strategy to Study Antagonism of Cy-
tokines (RENAISSANCE) Trial, a sub-
group of patients with NYHA class II-
IV chronic HF underwent serial Hb
and cardiac magnetic resonance
imaging studies (Figure 7).42 Those
who experienced an increase in Hb
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In patients with CKD, anemia is a straightforward multiplier of mortality.



over time (not given exogenous EPO)
had a significant reduction in left
ventricular mass index, suggesting a
favorable change in left ventricular re-
modeling. These observational data
suggest that movement or change in
Hb, either up or down, is associated
with clinical consequences. Hence,
there is a rationale for clinical inter-
vention to control Hb level in order
to alter the natural history of HF, and
possibly CKD. 

Beyond Heart Failure
Anemia has been related to coronary
ischemia, due to both a lack of oxy-
gen delivery and increased myocar-
dial oxygen demands. Therefore, in
the setting of fixed coronary disease,
anemia may contribute to outcomes
both in the chronic and acute phases
of the illness.

Low Hb has been found to be an
independent predictor of adverse
cardiovascular outcomes in women
presenting with suspected ischemia-
related chest discomfort.43 As part
of the National Heart, Lung and
Blood Institute-sponsored Women’s
Ischemia Syndrome Evaluation, 936
consecutive women referred for
coronary angiography were prospec-
tively studied. The overall prevalence
of anemia defined as Hb less than
12 g/dL was 21%. Anemic women
had significantly higher serum Cr
levels compared to women who were
not anemic (1.1 vs 0.8 mg/dL,
P � .001) as well as higher levels of
inflammatory markers. Women with
anemia had a greater rate of cardio-
vascular mortality compared to non-
anemic women (6.0% vs 2.6%) and
all-cause mortality (10.3% vs 5.4%). 

In a retrospective cohort of 689
male patients admitted for elective
percutaneous coronary intervention
(PCI), 1-year mortality was 22.2% in
the quintile of patients with the low-
est Hb levels (12.9 g/dL) compared to
3.7% in patients in the normal

Hb (14.6-15.2 g/dL) quintile.44 Im-
portantly, the impact of anemia and
reduced eGFR are synergistic in in-
creasing the relative risk of death
after PCI, as shown in Figure 8.45 A
partial explanation for the risk posed
by anemia in PCI is an observed as-
sociation between anemia and con-
trast-induced nephropathy (CIN).46

As kidney function and renal tubu-
lar viability are very sensitive to
hypoxia, the impact of contrast-
induced reduction of renal blood
flow may be further enhanced by the
presence of anemia. In the setting of
anemia, and other potential factors,
including hypotension superim-
posed on CKD, patients can have
very high rates of CIN, which has a
profound impact on short- and long-
term mortality.47,48 In the Controlled
Abciximab and Device Investigation
to Lower Late Angioplasty Complica-
tions (CADILLAC) trial, of the 2,082
patients with acute ST-segment ele-

vation myocardial infarction under-
going primary PCI, 12.8% were ane-
mic at baseline (Hct � 39% for men
and � 36% for women).49 Patients
with anemia were more likely to de-
velop hemorrhagic complications
while in hospital, (6.2% vs 2.4%),
and have more transfusions (13.1%
vs 3.1%). This resulted in anemic pa-
tients having longer lengths of stay
and incurring higher hospital-related
costs. Importantly, the in-hospital
mortality (4.6% vs 1.1%), at 30 days
(5.8% vs 1.5%), and at 1 year (9.4%
vs 3.5%), was higher in those with
baseline anemia than in those who
were not anemic. Multivariate analy-
sis found anemia to be an indepen-
dent predictor of in-hospital and
1-year mortality. These results have
been largely supported in an analysis
by Sabatine and colleagues that
showed a 2-fold increased risk of
mortality in those patients with Hb
less than 13 g/dL, up to 12 months
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after the initial STEMI event
(Figure 9).50

In ischemic heart disease, whether
chronic, related to treatment with
PCI, or in the setting of an acute my-
ocardial infarction, there appears to
be an independent relationship
between anemia and outcomes, in-
cluding mortality. Whether the in-
teraction of anemia is related to an
associated reduction of EPO levels
and subsequent reductions in circu-
lating hematopoietic progenitor cells
that may play an important role in
vascular repair, or to a direct effect of
anemia, is not clear. This has led to
an interest in evaluating the impact

of treating the anemic condition on
development and progression of
heart and kidney disease, with EPO,
blood transfusions, and iron replace-
ment therapy. 

Conclusion
There is a complicated and impor-
tant pathophysiological relationship
(Figure 10) among the cardiovascu-
lar, renal, and hematopoietic sys-
tems. Because anemia is easy to rec-
ognize and is readily treatable with
erythrocyte stimulating proteins, it is
a promising diagnostic and thera-
peutic target in patients with CKD
and/or CVD.
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Main Points
• The World Health Organization defines anemia as a hemoglobin level lower than 13 g/dL in men and 12 g/dL in

women. 

• Any condition that leads to chronic kidney disease (CKD) and diabetes mellitus should be considered a risk factor for
anemia.

• Anemia of chronic diseases, including CKD, cardiovascular disease, and heart failure, develops primarily through the
decreased production of erythropoietin.

• Anemia is a straightforward multiplier of mortality in patients with CKD and acts as a dynamic signal of heart failure
through relative changes in hemoglobin levels in heart failure patients.

• Because anemia is easily recognized and easily treated with erythrocyte stimulating proteins, it is a promising
diagnostic and therapeutic target in patients with either CKD or chronic cardiovascular disease.

anemia in non-dialyzed patients with renal fail-
ure. J Nephrol. 1998;11:88-91.

18. El-Achkar TM, Ohmit SE, McCullough PA, et al.
Higher prevalence of anemia with diabetes
mellitus in moderate kidney insufficiency: The
Kidney Early Evaluation Program. Kidney Int.
2005;67(4):1483-1488. 

19. Yun YS, Lee HC, Yoo NC, et al. Reduced
erythropoietin responsiveness to anemia in
diabetic patients before advanced diabetic
nephropathy. Diabetes Res Clin Pract. 1999;46:
223-229.

20. Andersson B, Marin P, Lissner L, et al. Testos-
terone concentrations in women and men with
NIDDM. Diabetes Care. 1994;17:405-411.

21. Felker GM, Adams KF Jr, Gattis WA, O’Connor
CM. Anemia as a risk factor and therapeutic
target in heart failure. J Am Coll Cardiol. 2004;
44:959-966. 

22. Anand IS, Chandrashekhar Y, Ferrari R, et al.
Pathogenesis of edema in chronic severe
anaemia: studies of body water and sodium,
renal function, haemodynamic variables, and
plasma hormones. Br Heart J. 1993;70:357-362.

23. Witte KK, Desilva R, Chattopadhyay S, et al. Are
hematinic deficiencies the cause of anemia in
chronic heart failure? Am Heart J. 2004;147:
924-930.

24. Schwengel RH, Gottlieb SS, Fisher ML. Protein-
energy malnutrition with ischemic and nonis-
chemic dilated cardiomyopathy and congestive
heart failure. Am J Coll Cardiol. 1994;73:
908-910.

25. Mak S, Newton GE. The oxidative stress hy-
pothesis of congestive heart failure. Radical
thoughts. Chest. 2001;120:2035-2046.

26. Siems WG, Sommerburg O, Grune T. Erythro-
cyte free radical and energy metabolism. Clin
Nephrol. 2000; 53 (Suppl 1):S9-S17.

27. Grune T, Sommerburg O, Siems WG. Oxidative
stress in anemia. Clin Nephrol. 2000; 53 (Suppl 1):
S18-S22.

28. Sarnak MJ, Tighiouart H, Manjunath G, et al.
Anemia as a risk factor for cardiovascular
disease in The Atherosclerosis Risk in Commu-
nities (ARIC) study. J Am Coll Cardiol. 2002;40:
27-33.

29. Amin MG, Tighiouart H, Weiner DE, et al.
Hematocrit and left ventricular mass: The

Framingham Heart Study. J Am Coll Cardiol.
2004;43:1276-1282. 

30. Levin A, Singer J, Thompson CR, et al. Preva-
lent left ventricular hypertrophy in the predial-
ysis population: identifying opportunities
for intervention. Am J Kidney Dis. 1996;27:
347-354.

31. Foley RN, Parfrey PS, Harnett JD, et al. Clinical
and echocardiographic disease in patients start-
ing end-stage renal disease therapy. Kidney Int.
1995;47(1):186-192. 

32. Thomas MC, MacIssac RJ, Tsalamandris C, et al.
Unrecognized anemia in patients with dia-
betes : a cross-sectional survey. Diabetes Care.
2003;26:1164-1169. 

33. McCullough PA, Brown WW, McGill JB, et al.,
for the KEEP Investigators. Independent com-
ponents of chronic kidney disease as a cardio-
vascular risk factor: Results from the Kidney
Early Evaluation Program (KEEP). J Am Coll Car-
diol. 2005;45(3):424A.

34. Abramson JL, Jurkovitz CT, Vaccarino V, et al.
Chronic kidney disease, anemia, and incident
stroke in a middle-aged, community-based
population: the ARIC Study. Kidney Int.
2003;64:610-615.

35. Mohanram A, Zhang Z, Shahinfar S, et al. Ane-
mia and end-stage renal disease in patients
with type 2 diabetes and nephropathy. Kidney
Int. 2004;66:1131-1138.

36. Wexler D, Silverberg D, Sheps D, et al. Preva-
lence of anemia in patients admitted to hospi-
tal with a primary diagnosis of congestive heart
failure. Int J Cardiol. 2004;96:79-87.

37. Herzog CA, Muster HA, Li S, Collins AJ. Impact
of congestive heart failure, chronic kidney dis-
ease, and anemia on survival in the Medicare
population. J Card Fail. 2004;10:467-472.

38. Horwich TB, Fonarow GC, Hamilton MA, et al.
Anemia is associated with worse symptoms,
greater impairment in functional capacity and
a significant increase in mortality in patients
with advanced heart failure. J Am Coll Cardiol.
2002;39:1780-1786.

39. Hampl H, Sternberg C, Berweck S, et al. Regres-
sion of left ventricular hypertrophy in dialysis
patients following correction of anemia
with recombinant human erythropoietin. Clin
Nephrol. 2002;58 (Suppl 1):S73-S96.

40. Kang JQ, Maiese K. Erythropoietin is a novel
vascular protectant through activation of Akt1
and mitochondrial modulation of cysteine
proteases. Circulation. 2002;106:2973-2979.

41. Heeschen C, Aicher A, Lehmann R, et al. Ery-
thropoietin is a potent physiologic stimulus for
endothelial progenitor cell mobilization. Blood.
2003;102:1340-1346.

42. Anand I, McMurray JJ, Whitmore J, et al.
Anemia and its relationship to clinical outcome
in heart failure. Circulation. 2004;110:149-154.

43. Arant CB, Wessel TR, Olson MS, et al. Hemo-
globin level is an independent predictor for
adverse cardiovascular outcomes in women
undergoing evaluation for chest pain. J Am Coll
Cardiol. 2004;43:2009-2014.

44. Reinecke E, Trey T, Wellman J, et al. Hemoglobin-
related mortality in patients undergoing percu-
taneous coronary interventions. Eur Heart J.
2003;24:2142-2150.

45. Gurm HS, Lincoff AM, Kleiman NS, et al. Dou-
ble jeopardy of renal insufficiency and anemia
in patients undergoing percutaneous coronary
interventions. Am J Cardiol. 2004;94:30-34.

46. Mehran R, Aymong ED, Nikolsky E, et al. A sim-
ple risk score for prediction of contrast-induced
nephropathy after percutaneous coronary in-
tervention: development and initial validation.
J Am Coll Cardiol. 2004;44(7):1393-1399.

47. McCullough PA, Wolyn R, Rocher LL, et al.
Acute renal failure after coronary intervention:
incidence, risk factors, and relationship to mor-
tality. Am J Med. 1997;103:368-375.

48. Rihal CS, Textor SC, Grill DE, et al. Incidence
and prognostic importance of acute renal fail-
ure after percutaneous coronary intervention.
Circulation. 2002;105(19):2259-2264.

49. Nikolsky E, Aymong ED, Halkin A, et al. Impact
of anemia in patients with acute myocardial in-
farction undergoing primary percutaneous
coronary intervention: analysis from the Con-
trolled Abciximab and Device Investigation to
Lower Late Angioplasty Complications (CADIL-
LAC) Trial. J Am Coll Cardiol. 2004;44:547-553.

50. Sabatine MS, Morrow DA, Giugliano RP, et al.
Association of hemoglobin levels with clinical
outcomes in acute coronary syndromes. Circu-
lation. 2005;111:2042-2049. 


