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ANEMIA AND HEART DISEASE

Pathogenesis of Anemia 
in Cardiorenal Disease
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The link between chronic heart failure (CHF) and chronic kidney disease (CKD) is well
known. Approximately 50% of patients with CHF have some renal dysfunction, and
25% of patients with CKD and serum creatinine levels ranging from 1.5 mg/dL to
6 mg/dL have CHF. The association of CHF with CKD is strong and may contribute
to its long-term progression. Anemia is also common in patients with CKD and con-
tributes to increased morbidity and mortality. More recently, anemia has been found
to be frequently present in patients with CHF, and its presence is associated with worse
long-term CHF outcomes. Thus, anemia, CHF, and CKD may be independently related
to one another, and this relationship may have important implications for their
management. 
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The link between chronic heart failure (CHF) and chronic kidney disease
(CKD) is well known. Serum creatinine is increased in patients with CHF,
varies with the severity of CHF, and is an independent risk factor for

adverse events.1,2 Approximately 50% of patients with CHF have some renal dys-
function, and 25% of patients with CKD have CHF.3 Many more CKD patients
have asymptomatic left ventricular (LV) dysfunction. Thus, the association of
CHF with CKD is strong and may contribute to its long-term progression.

Anemia is also common in patients with CKD and contributes to in-
creased morbidity and mortality.4 More recently, anemia has been found to be
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frequently present in patients with
CHF,5,6 and its presence is associated
with worse long-term CHF out-
comes.5,6 Thus, anemia, CHF, and
CKD may be independently related
to one another, and this relationship
may have important implications for
their management.

In this review, the magnitude of
the problem of anemia in heart fail-
ure will be discussed. Factors that are
associated with the development
and worsening of anemia in CHF will
be examined. The mechanisms that
may be involved with worsening of
CHF in patients with anemia will be
outlined. Finally, the long-term ad-
verse outcomes associated with ane-
mia in CHF will be described.

Prevalence of Anemia in 
Heart Failure and Chronic
Kidney Disease
The prevalence of anemia in CHF
patients varies considerably, depend-
ing on the definition of anemia used
and the population studied. The
World Health Organization defines
anemia in the general population as
hemoglobin (Hb) concentration less
than 13.0 g/dL in men and less than
12.0 g/dL in women.7 Using this def-
inition, investigators in the Athero-
sclerosis Risk in Communities (ARIC)
study found that approximately 9%
(5% of all men, 13% of all women) of
a normal population (n � 15,792),
aged 45 to 64 years, in 4 US commu-
nities, have anemia.8 In hospitalized
patients, the prevalence of anemia
has varied from 14% to 70% in dif-
ferent studies. In the more stable and
highly selected patients seen in CHF
clinical trials, values of 15% to 56%
are reported (Table 1).

A study by McClellan and col-
leagues9 examined rates of anemia in
5222 predialysis CKD patients. Over-
all, anemia (Hb � � 12 g/dL) was
shown to be present in 47.7% of pa-
tients and prevalence of anemia in-

creased as kidney function, as mea-
sured by GFR, decreased. Diabetes,
female sex, and African-American,
Hispanic, or Asian ethnicity were all
factors that increased the likelihood
of anemia.

Incidence of Anemia and
Changes in Hemoglobin 
Over Time
Although the high prevalence of ane-
mia in patients with CHF is now well

established, only a few studies have
reported the incidence of developing
anemia or changes in Hb over time in
the same patient populations. In the
Studies of Left Ventricular Dysfunc-
tion (SOLVD), the prevalence of ane-
mia (hematocrit � 39 in men and
� 36 in women) at baseline was
18.4%, and new anemia developed in
9.6% patients over 1 year.10 In the
Valsartan for Heart Failure Trial 
(Val-HeFT), the prevalence of anemia

Table 1
Prevalence of Anemia in Patients Randomized in CHF 

Trials and Hospitalized for Worsening CHF 

Stable Patients in Heart Failure Clinical Trials

Study N Anemia Definition Prevalence

Silverberg et al42 142 Hb � 12 g/dL 56%

STAMINA-HFP48 982 Hb � 12 g/dL F, � 13 g/dL M 33%

UCLA Study12 1061 Hb � 12 g/dL F, � 13 g/dL M 30%

Val-HeFT11 5010 Hb � 12 g/dL F, � 13 g/dL M 23%

PRAISE39 1130 Hct � 37.6% 20%

RENAISSANCE13 912 Hb � 12 g/dL 20%

COPERNICUS49 2286 Hb � 12.5 g/dL 19%

ELITE II50 3044 Hb � 12.4 g/dL 17%

Szachniewicz51 176 Hb � 12 g/dL 17%

IN-CHF14 2411 Hb � 11 g/dL F, � 12 g/dL M 16%

Tanner52 193 Hb � 12 g/dL 15%

Hospitalized Heart Failure Patients

Study N Anemia Definition Prevalence

McClellan et al3 663 Hct � 40 70%

Wexler et al53 338 Hb � 12 g/dL 52%

OPTIME-CHF54 906 Hb � 13 g/dL M, � 12 g/dL F 49%

Kosiborod et al41 2281 Hct � 37% 48%

Herzog et al55 152,584 ICD-9 codes 28%

EuroHeart Failure Survey56 9971 Hb � 11 g/dL 21%

Ezekowitz et al40 12065 ICD-9 codes 17%

Cromie et al22 269 Hb � 11 g/dL 14%

CHF, chronic heart failure; Hb, hemoglobin; ICD, international classification of diseases; Hct, hemat-
ocrit; STAMINA-HFP, Study of Anemia in a Heart Failure Population; UCLA, University of California, 
Los Angeles; Val-HeFT, Valsartan in Heart Failure Trial; PRAISE, Prospective Randomized Amlodipine
Survival Evaluation; RENAISSANCE, Randomized Etanercept North American Strategy to Study 
Antagonism of Cytokines; COPERNICUS, Carvedilol Prospective Randomized Cumulative Survival;
ELITE, Evaluation of Losartan In The Elderly; IN-CHF, In-Community Heart Failure; OPTIME-CHF, 
Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure.
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(Hb � 13.0 g/dL in men and
� 12.0 g/dL in women) at baseline
was 23%, and new onset anemia
developed in 16.9% of patients.11

These studies illustrate that both
prevalent and incident anemia are
common in patients with CHF. 

Clinical Characteristics of 
Anemic Patients With 
Heart Failure
When compared to CHF patients
who do not have anemia, anemic

patients are more likely to be older,
female, and have diabetes and
chronic renal failure. These patients
are also more likely to have more se-
vere CHF as indicated by higher New
York Heart Association (NYHA) class,
lower exercise capacity, worse quality-
of-life scores, greater peripheral
edema, lower blood pressure, higher
use of diuretic and other cardiovascu-
lar medications, worse neurohor-
monal profiles, and higher C-reactive
protein (CRP) levels.1,5,11-14 However,
anemic patients with CHF do not ap-
pear to have worse LV dysfunction as
compared to non-anemic patients. In
the Val-HeFT database, measures of
ejection fraction and LV size were no
different in patients with or without
anemia.11 Moreover, the prevalence
of anemia is similar in patients with
CHF due to LV dysfunction or pre-
served LV function.15,16 These find-
ings raise the interesting question of
the nature of the association between
anemia and CHF. 

Causes of Anemia in 
Heart Failure
Although the mechanisms of devel-
oping anemia in patients with CHF

are not entirely clear, several factors
may be involved in its pathogenesis.
Impaired renal perfusion resulting
in renal dysfunction and decreased
erythropoietin (EPO) secretion has
been considered an important factor.
However, there is evidence that EPO
levels are increased in CHF,17,18 sug-
gesting a relative EPO resistance in
this condition. Inflammation has
also been implicated: tumor necrosis
factor-� (TNF-�) and several other
pro-inflammatory cytokines,19 as well

as circulating neutrophils and CRP,
are elevated in CHF patients.20 TNF-�
may cause anemia through a number
of different mechanisms, including
inhibition of EPO production in the
kidney, preventing EPO from stimu-
lating bone marrow production of
erythrocytes, and preventing the re-
lease of iron from body stores. An-
giotensin-converting enzyme in-
hibitors and angiotensin receptor
blockers used in the treatment of

CHF cause a modest reduction in Hb
by inhibiting EPO synthesis, and may
contribute to the development of
anemia.11,21 Although hematinic ab-
normalities are generally not seen in
CHF,22,23 iron deficiency may occur
because of malabsorption or nutri-
tional deficiencies due to CHF associ-
ated cachexia24 and aspirin-induced
gastrointestinal bleeding. Finally, in a
recent study of patients with severe
CHF awaiting heart transplanta-

tion, hemodilution due to expanded
plasma volume was found to be the
cause of anemia in nearly half the
patients, who were clinically euv-
olemic.25 Thus, multiple mechanisms
could cause anemia in patients with
CHF.

Does Anemia Worsen 
Heart Failure?
In chronic severe anemia, several
physiologic adjustments compensate
to maintain tissue oxygenation.
These include an increase in EPO26

production in patients with normal
renal function that helps to increase
Hb; a shift of the hemoglobin-oxy-
gen dissociation curve to the left,
which helps to unload oxygen to the
peripheral tissues; and peripheral va-
sodilation that helps to increase
cardiac output and blood flow to the
tissues.27 Although the exact mecha-
nisms by which anemia causes or
worsens CHF are not clear, periph-
eral vasodilation appears to play a
central role in its pathogenesis.28

In order to understand the mecha-
nisms of fluid retention in these pa-
tients, hemodynamics, body fluid
compartments, and neurohormones
were studied in a group of patients

with untreated chronic, severe ane-
mia. The findings were compared
with those seen in patients with se-
vere, untreated cardiomyopathy.27,29

Table 2 compares the hemodynamics
of patients with untreated chronic,
severe anemia and untreated CHF.
The anemic patients had a high car-
diac output, low blood pressure, and
low systemic vascular resistance
(SVR) when compared to patients
with untreated CHF, who had low

When compared to CHF patients who do not have anemia, anemic patients
are more likely to be older, female, and have diabetes and chronic renal
failure.

Although the exact mechanisms by which anemia causes or worsens CHF
are not clear, peripheral vasodilation appears to play a central role in its
pathogenesis.
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Table 2
Hemodynamics of Untreated Chronic Severe Anemia and Untreated CHF

HR RAP PAP PAWP AOP CI SVR
beats/min mmHg mmHg mmHg mmHg L/min/m2 dynes.sec.cm�5

Anemia27 92 9 22 15 77 6.6 629

CHF29 114 15 44 30 90 1.75 2495

CHF, chronic heart failure; HR, heart rate; RAP, mean right atrial pressure; PAP, mean pulmonary arterial pressure; PAWP, mean pul-
monary arterial wedge pressure; AOP, mean systemic arterial pressure; CI, cardiac index; SVR, systemic vascular resistance.
Data from Anand et al.27,29
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Figure 1. Comparison of (A) hemodynamics, (B) hormone levels, and (C) body fluid compartments in patients with untreated chronic, severe anemia versus those with
severe, untreated cardiomyopathy. GFR, glomerular filtration rate; PRA, plasma renin activity; Norepin, norepinephrine; Aldo, aldosterone; ANP, atrial natriuretic peptide; EC,
extracellular. Data from Anand et al.27,29

cardiac output, normal blood pres-
sure, and high SVR. 

Despite fundamental differences
in hemodynamics, renal blood flow
and glomerular filtration rates (GFR)

were similarly reduced in the
2 groups (Fig 1A). A very similar neu-
rohormonal response was seen in
both conditions (Fig 1B) that re-
sulted in an identical increase in

body fluid compartments (Fig 1C).
The mechanism responsible for simi-
lar hormonal response in low- and
high-output CHF appears to be a
tendency toward low arterial blood
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pressure in both of these conditions.
Blood pressure is low or is threatened
in low-output states because of a low
cardiac output and because of a
decrease in SVR in high-output
states.28 The neurohormonal response

evoked by the body is, however, simi-
lar. The origins of the response can
probably be traced back in evolution,
to the time when maintenance of ar-
terial pressure during flight and fight
were of paramount importance for
the survival of the species. The same
stereotyped response is seen when-
ever the blood pressure is “threat-
ened,” whatever the cause.

In patients with chronic severe
anemia, SVR is reduced partly be-
cause of low blood viscosity, and in
part due to enhanced basal activity of
nitric oxide,30 with up-regulation of
renal and vascular nitric oxide syn-
thase.31 A decrease in SVR reduces
blood pressure and sets in motion
baroreceptor-mediated neurohor-
monal activation, which, as men-
tioned above, is identical to that seen
in patients with severe low-output
heart failure.27-29 The increased sym-
pathetic and renin-angiotensin-al-
dosterone activity results in periph-
eral vasoconstriction, tachycardia,
and increased stroke volume. Renal
blood flow is reduced, leading to a
decrease in GFR, causing kidneys to
retain salt and water. Extracellular
and plasma volumes expand, leading
to ventricular dilation. Pulmonary
and systemic venous congestion fol-
low, resulting in the clinical syn-
drome of heart failure. The increased
cardiac workload coupled with neu-
rohormonal activation may cause LV
hypertrophy, a risk factor for worse

cardiovascular outcomes.32,33 Over
the long term, these factors may re-
sult in necrosis and apoptosis of the
cardiac myocytes, leading to cardiac
fibrosis and progressive LV remodel-
ing and dysfunction. Data from the

Randomized Etanercept North Amer-
ican Strategy to Study Antagonism
of Cytokines (RENAISSANCE) trial
showed that a 1 g/dL increase in Hb
level was associated with a 4.1 g/m2

decrease in LV mass index over
24 weeks.13 Anemia could also
worsen myocardial ischemia and
thereby contribute to LV dysfunc-
tion. The pathogenetic role of severe
anemia in causing high-output fail-
ure is underscored by studies show-
ing that correction of anemia
promptly reverses fluid retention.27

Figure 2 shows the possible sequence
of events in the pathogenesis of heart
failure in patients with anemia. 

Interrelated Pathogenesis of
Anemia, Diabetes, and Chronic
Kidney Disease 
Diabetes, renal failure, heart failure,
and anemia are tightly linked condi-
tions. Whether anemia is worsened
or is caused, in part, by diabetes is
not clear. In diabetic nephropathy
(DN), anemia tends to be more se-
vere, and occurs at an earlier stage
than in nondiabetic renal disease.
However, because most patients with
DN may have little overt renal im-
pairment, their first-line health care
providers may not be aware of the
critical importance of screening for
anemia in this population and it
may often go unrecognized and
untreated.34

Normochromic, normocytic ane-
mia of EPO deficiency is found in
DN before the onset of advanced
renal failure, but does not occur in
nondiabetic renal disease of similar
severity. Bosman and colleagues35

postulated that EPO deficiency
might be caused, at least in part, by
efferent sympathetic denervation of
the kidney, leading to the loss of
appropriate EPO production. These

The pathogenetic role of severe anemia in causing high-output failure is
underscored by studies showing that correction of anemia promptly reverses
fluid retention.

Chronic Severe Anemia

Neurohormones
 SNS
 RAAS
 Natriuretic
 peptides
 AVP

Work load
LV mass
LV remodeling
LV dysfunction

Worsening
heart failure

Extracellular volume
Plasma volume

Salt and water
retention

Renal blood flow
GFR

 Blood pressure

Peripheral
vasodilation

Figure 2. Pathophysiology of fluid retention in chronic severe anemia. SNS, sympathetic nervous system; RAAS,
renin-angiotensin-aldosterone system; AVP, arginine, vasopressin; GFR, glomerular filtration rate; LV, left ventricu-
lar. Data from Anand et al.27 



Pathogenesis of Anemia continued

S18 VOL. 6 SUPPL. 3  2005   REVIEWS IN CARDIOVASCULAR MEDICINE

workers questioned whether anemia
with EPO deficiency occurs in type 1
diabetic patients with DN, in the ab-
sence of advanced renal failure, com-
pared with patients with nondiabetic
renal disease of similar severity. A
total of 27 type 1 diabetic patients
with DN (defined as persistent pro-
teinuria), were compared with 26
nondiabetic patients with glomeru-
lonephritis and persistent protein-
uria. Hb concentration, red cell in-
dices, and serum EPO levels were
measured, whereas other causes for
anemia were excluded. An associa-
tion was found between anemia and
EPO deficiency early in DN, before
the onset of advanced renal failure,
which was not seen in nondiabetic
renal disease of similar severity. The

researchers speculated that in
nephrotic syndrome, EPO deficiency
results from the severity of protein-
uria, leading to excessive loss of EPO
in the urine.

EPO release by renal cells is modu-
lated by kidney splanchnic innerva-
tion. Renal denervation in animal
models leads to a loss of EPO pro-
duction in response to hypoxic stim-
uli, and EPO deficiency has recently
been observed in anemic type 1 dia-
betic patients with severe, sympto-
matic DN. In a small cohort, the
serum EPO levels in anemic diabetic
patients were found to be inappro-
priately low compared to the values
observed in a control group of ane-
mic subjects with iron deficiency.
These findings led Winkler and asso-
ciates36 to conclude that efferent
sympathetic denervation of the
kidneys may contribute to EPO
deficiency.

Moreover, a reduced number of
specific EPO-synthesizing interstitial
cells and impairment of the processes
enabling oxygen sensing, secondary
to interstitial fibrosis or vascular le-
sions, has also been considered to
cause anemia prematurely in patients
with type 1 diabetes and diabetic
nephropathy, before the onset of ad-
vanced renal failure. Other mecha-
nisms causing EPO deficiency in-
clude cytokine-induced inhibition of
EPO synthesis, hyporeninemia, uri-
nary loss of EPO, and glycation of the
EPO receptor by, or secondary to, hy-
perglycemia. There is now consider-
able evidence that anemia worsens
outcomes of peripheral small vessel
disease in diabetic patients and that
recombinant human EPO (epoetin)

therapy may prevent or reverse these
complications.34

Weiner and colleagues37 investi-
gated the effects of anemia (hemat-
ocrit � 36% in women and � 39% in
men) and left ventricular hypertro-
phy on cardiovascular outcomes in
2423 patients with CKD (GFR 15-60
mL/min /1.73 m2). Electrocardiogram
and anemia data was available in 96%
of these patients. Left ventricular hy-
pertrophy was found to be an inde-
pendent risk factor for the composite
of myocardial infarction, stroke, and
death, as well as cardiac outcomes,
whereas anemia was independently
associated with increased risk for only
the composite outcomes. The authors
concluded the combination of ane-
mia and LVH in CKD identifies a
high-risk population. 

The relation between anemia in
CHF and renal dysfunction was re-
ported by Philipp and associates in

2941 patients.38 They found that
whereas anemia was positively asso-
ciated with symptoms of HF as me-
dian hemoglobin levels fell, anemia
was not associated with any LV struc-
ture or function parameters. How-
ever, symptoms of HF were associ-
ated with renal dysfunction. The
mean estimated GFR in patients with
New York Heart Association class I
HF was 82 mL/min/1.73 m2 and
59 ml/min/1.73 m2 in patients with
class IV (P � .05). As expected, there
was an association between impaired
renal function and hemoglobin
values, and even in patients with
normal renal function (GFR �

85 mL/min) there was an association
of anemia and HF. These findings
support the previously described
Val-HeFT data.

Impact of Anemia and Lower
Hemoglobin on Outcomes in
Patients With Heart Failure
Several studies have reported that
anemia and low Hb are independent
predictors of mortality in patients
with CHF,1,10-13,39-41 and a few studies
have shown that anemia and lower
Hb concentrations are also indepen-
dently associated with higher rates of
hospitalizations for heart failure.11,13

In the Val-HeFT trial, for example,
anemia increased the unadjusted risk
of mortality by 39% (RR 1.39, 95% CI
1.21-1.57), and of hospitalization for
CHF by 55% (HR 1.55, 95% CI 1.34-
1.81). Although the degree of anemia
in these patients was mild (average
Hb in anemic patients � 11.9 g/dL),
the presence of anemia increased the
risk of death by 21% and hospitaliza-
tion for heart failure by 17%, inde-
pendent of other important prognos-
tic variables.11 Hence, even modestly
reduced Hb in patients with CHF
could have important health care
implications.

Although in Val-HeFT, 1 g/dL
lower baseline Hb was associated

There is now considerable evidence that anemia worsens outcomes of
peripheral small vessel disease in diabetic patients and that recombinant
human EPO (epoetin) therapy may prevent or reverse these complications.
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with a 12.6% increase in mortality
risk and a 19.3% increase in hospi-
talizations for heart failure,11 it
should be emphasized that the asso-
ciation of Hb with adverse effects
is not linear. Figure 3 shows the
Kaplan-Meier curves for baseline Hb
values in quartiles for mortality and
morbidity. It is important to note
that the risks are nearly identical
in the 2 highest Hb quartiles 
(13.7-�14.7 g/dL; �14.7 g/dL) repre-
senting patients with normal Hb.
Most of the increased risk of mor-
bidity and mortality is seen in
the lower 2 quartiles (�12.8 g/dL; 
12.8-�13.7 g/dL), which together in-
cluded all anemic patients. More-
over, a 1 g/dL decrease in Hb was
associated with a significant increase
in mortality (RR 1.148, 95% CI
1.06-1.25, P � .001) in patients with
baseline Hb below the median
(13.7 g/dL) (mean Hb � 12.51 g/dL)
but not in patients with Hb above
the median (mean Hb 14.8 g/dL, RR
1.016, 95% CI 0.91-1.14, P � .78). 

Whereas several studies have con-
firmed the adverse effects of anemia
and low baseline Hb, few have
examined the effect of spontaneous

changes in Hb over time with subse-
quent mortality and morbidity. In
the SOLVD trial, prevalent anemia at
baseline was associated with a 44%
increase in mortality. New onset ane-
mia was associated with a much
greater (108%) increase in mortality.10

In Val-HeFT, the quartile of patients
who had the greatest decrease in Hb
over 12 months (14.2 decreasing to
12.6 g/dL) had a significantly greater
subsequent mortality (13.2%) than
the quartile of patients with the
smallest changes in Hb (13.7 to
13.8 g/dL, 8.5% mortality). Com-
pared to this latter group, the quar-
tile of patients who experienced an
increase in Hb (13.3 to 14.4 g/dl) did
not have a better prognosis (9.8%
mortality).11

Because the baseline risks may be
different in patients who sponta-
neously increase or decrease their
Hb over time, the analyses were re-
peated separately in patients with or
without anemia at baseline. There
were 668 patients with anemia at
baseline who survived 12 months
and had a complete set of baseline
covariates. Fifty-nine percent of the
patients with anemia at baseline had

an increase in Hb over 12 months,
averaging 1.0 � 1.0 g/dL. After
adjustment for the differences in
baseline risks, patients who had an
increase in Hb of 1.0 g/dL had a sig-
nificantly lower risk of mortality (HR
0.78, CI 0.65-0.93). In the much
larger subgroup of 2424 patients who
were not anemic at baseline, 43% had
an increase in Hgb that averaged
0.6 � 0.5 g/dL. In the non-anemic
group, an increase in Hb of 1.0 g/dL
was also associated with a signifi-
cantly lower risk of mortality (HR
0.79, CI 0.71-0.89).11

Do these data, therefore, imply
that treatment of anemia in patients
with CHF may be beneficial? Several
small clinical studies have shown
that treatment of anemia with EPO
in patients with CHF is clinically
beneficial.42-44 However, as shown
above, therapeutic measures to in-
crease Hb may increase systemic vas-
cular resistance and decrease cardiac
output, thereby worsening hemody-
namics.27,30 Also, raising hematocrit
above 42% has been shown in a large
randomized trial to increase cardio-
vascular mortality45 and trials have
been stopped early in Europe because
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Pathogenesis of Anemia continued

S20 VOL. 6 SUPPL. 3  2005   REVIEWS IN CARDIOVASCULAR MEDICINE

of excessive vascular events in the
EPO-treated groups.46,47 Fortunately,
a number of trials are in progress and
others are being designed to test the
hypothesis of whether Hb should be
raised and ideal levels achieved in pa-
tients with CHF. Please see Dr. Foley’s
article in this publication for a more
in-depth discussion of this question.

Conclusion
In conclusion, the prevalence and
incidence of anemia is high in pa-
tients with CHF. Both prevalent and
incident anemia, lower baseline Hb,
and decreases in Hb over time are as-
sociated with higher mortality and
morbidity. However, whether an in-
crease in Hb is associated with im-
proved outcomes, and the ideal level
of Hb to achieve in patients with
CHF, both remain unknown. Several
factors, including renal dysfunction,
increase in proinflammatory cy-
tokines, and hemodilution, may

explain anemia and changes in Hb
over time in these patients. However,
LV dysfunction does not appear to be
a factor. Chronic severe anemia may
increase neurohormonal activation
and thereby contribute to the pro-
gression of heart failure. However,
further studies are required to under-
stand the basis of the remarkable
association of anemia with CHF
mortality and morbidity, to prospec-
tively assess the potential benefit of
correcting anemia, and to evaluate
the ideal threshold at which therapy
should be initiated and the extent
of correction considered safe and
desirable in the individual patient
with CHF. Such studies are in
progress.
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