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Chronic kidney disease, heart failure and anemia 
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The importance of understanding physiology, pathophysiology and

treatment options in complex conditions cannot be overstated. In

the context of heart failure (HF), the combination of kidney disease,

anemia and cardiovascular disease leads to poor clinical outcomes.

Despite the knowledge of the common association of these conditions

and their frequency, robust evidence as to the best treatment regimens

for the triad is lacking.

The present review is intended to describe the complex relation-

ship that exists between chronic kidney disease (CKD), cardiovascu-

lar disease (CVD) and anemia. In particular, the potential role for

anemia as both contributor to and an effect of HF is explored. 

THE CARDIO-RENAL-ANEMIA SYNDROME
Decline in glomerular filtration rate (GFR) is associated with a step-

wise increase in all-cause mortality at all levels of kidney function (1).

The vast majority of individuals with CKD will experience death due

to cardiovascular causes rather than progress to end-stage renal disease

or dialysis (2). The high burden of CVD in CKD cohorts, and vice

versa, is a reflection of the fact that both disease processes share simi-

lar risk factors. Having one disease increases an individual’s risk of

having the other; the combination of both is associated with a higher

mortality than either disease alone (3-5). This observation is consis-

tent across a number of studies including subgroup analyses from the

Antihypertensive and Lipid-Lowering Treatment to Prevent Heart

Attack Trial (ALLHAT) (6). CV end points, including myocardial

infarction, stroke, need for revascularization, the presence of coronary

artery disease and all forms of atherosclerotic vascular disease, were

increased in study participants as GFR decreased.

The presence or absence of anemia appears to add another layer

of complexity to the relationship between CKD and CVD. Among

individuals with CKD, at all levels of GFR, anemia portends a poor

prognosis and is associated with increased mortality compared with

those individuals with preserved hemoglobin (Hgb) (7).

Cardiovascular outcomes across a variety of cardiac disease states are

similarly worse in the presence of anemia. Potential hypotheses for

this association suggest that: anemia is a marker of cardiac

function/dysfunction due to the presence of inflammatory cytokines;

anemia is a reflection of the metabolic milieu and occurs in the pres-

ence of other traditional and nontraditional risk factors for cardiac dis-

ease; anemia reduces oxygen carrying capacity and results in

myocardial ischemia; and anemia contributes to maladaptive cardiac

remodelling. 

Anemia is common in HF patients; the prevalence of anemia

increases with severity of New York Heart Association functional clas-

sification (8,9). In reviewing a series of recently published major HF

trials, anemia occurred in 9% to 25% of patients (5,10-12). The pres-

ence of anemia in this patient population is associated with recurrent

hospitalization and reduced survival (13). Absolute Hgb levels corre-

late with one-year survival (10) and an increase in mortality is

observed when Hgb levels fall below 120 g/L; this relationship of poor

outcomes and Hgb values less than 120 g/L is consistent across a vari-

ety of observational studies. 

THE ROLE OF ERYTHROPOIETIN-

STIMULATING AGENTS
Epidemiological and observational data suggest that Hgb levels are an

important determinant of outcomes in patients with CKD and CVD.

Anemia is associated with CKD progression, an increased risk of

developing CVD and decreased survival. Older observational studies,

before the routine administration of erythropoietin-stimulating agents
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The triad of chronic kidney disease, heart failure and anemia is well

described and frequently encountered in clinical practice. While individu-

ally these disease states are associated with significant morbidity and mor-

tality, the presence of the triad portends an even worse prognosis. Anemia

is prevalent among cohorts of patients with chronic kidney disease and

heart failure, indicating that its presence may serve as a central unifying

hypothesis to explain poor outcomes in these populations. Observational

and interventional trials of erythropoietin-stimulating agents, however,

have had variable results on cardiovascular end points. Data are now

emerging that suggest that treating erythropoietin deficiency in and of

itself may be as or more important than the absolute levels of hemoglobin

attained. Future research in this arena must focus on the optimal dose of

erythropoietin administered to hemoglobin level achieved that will result

in improved cardiovascular outcomes for patients with heart failure and

kidney disease. 
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Maladie rénale chronique, insuffisance

cardiaque et anémie

La triade « maladie rénale chronique, insuffisance cardiaque et anémie »

est bien connue et s’observe souvent en clinique. La présence de l’un ou

l’autre de ces états pathologiques est associée à une morbidité et à une

mortalité importantes, mais la présence concomitante des trois comporte

un pronostic encore plus sombre que leur présence isolée. L’anémie est

fréquente chez les patients atteints d’une maladie rénale chronique et

d’insuffisance cardiaque; sa présence pourrait donc servir d’hypothèse

unificatrice centrale pour expliquer les résultats médiocres, constatés chez

ces patients. Des études observationnelles et interventionnelles sur des

stimulants érythropoïétiques ont toutefois donné des résultats variables sur

des événements cibles cardiovasculaires. Cependant, d’après de nouvelles

données, le traitement du déficit en érythropoïétine pourrait être aussi

important, sinon plus, que le taux absolu atteint d’hémoglobine. La

recherche dans le domaine doit porter tout particulièrement sur la dose

optimale d’érythropoïétine qui, administrée au taux atteint

d’hémoglobine, permettra d’améliorer les résultats cardiovasculaires

observés chez les patients souffrant d’insuffisance cardiaque et d’une

maladie rénale.
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(ESA), suggested that higher Hgb levels were associated with better

outcomes, including a survival advantage; these were, however, obser-

vational cohort studies and thus limited in interpretation due to the

inherent nature of that study design. It remained unclear, on the basis

of early trials, whether normalization of Hgb was associated with

improved outcomes and more specifically, what level of Hgb should be

targeted in at risk populations.

Of note is the fact that anemia is not present in all individuals with

reduced GFR. There is significant heterogeneity in Hgb levels at each

stage of kidney disease (14). Thus, it is possible that anemia reflects

not only reduced GFR but other clinical states such as inflammation

(15). Similarly, while anemia can exist in the context of HF due to a

number of factors including dilution, inflammation and chronic ill-

ness, it is not uniformly present. The additive problem of reduced kid-

ney function in the context of HF may increase the propensity of an

individual to become or stay anemic. This has not been well studied.

Additionally, there are a number of nonhematological effects of

erythropoietin (15-18). As such, erythropoietin deficiency or resist-

ance itself may be detrimental, irrespective of Hgb levels per se. In as

much as erythropoietin has antiapoptotic and anti-inflammatory

effects, and mediates neovascularization, there may be advantages to

repleting or supplementing the hormone in those with demonstrated

deficiencies, most commonly heralded by the presence of anemia.

Conversely, stimulation of vascular erythropoietin receptors may pro-

duce hypertension independent of increased viscosity (15).

It remains unclear as to what the net balance of these positive and

negative effects of erythropoietin are in the context of various disease

states. It is likely, however, that the effects of anemia on CKD pro-

gression, CVD and survival are mediated through both low Hgb and

low erythropoietin levels, in addition to the variety of complex

processes that regulate this interaction, and the primary disease

processes of kidney and cardiovascular disease per se.

TRIALS OF HGB NORMALIZATION AND

CARDIOVASCULAR OUTCOMES
Small studies have suggested that partial correction of anemia with

ESA, among hemodialysis patients, is associated with improvements

in blood pressure and pulse pressure (19). However, on balance,

among randomized controlled trials of dialysis patients, there has been

no demonstration of an impact of normalization of Hgb with ESA on

CVD events or survival (20-25); moreover, many of these studies have

raised questions of harm (vascular access thrombosis and stroke),

which have not been definitively addressed. Smaller randomized trials

among nondialysis patients have also failed to show improvements in

surrogate end points for CV outcomes (left ventricular mass index on

echocardiography and decline in GFR) among ESA-treated patients

(26-29). 

Recent larger randomized clinical trials have had variable and

somewhat conflicting results. The Cardiovascular Risk Reduction by

Early Anemia Treatment with Epoetin beta (CREATE) trial (30)

failed to demonstrate a difference in CV events among CKD patients

randomly assigned to high and low Hgb arms, although the trial was

not powered for the relatively low event rate. Importantly, there was

no difference in the number of adverse events between treatment

groups. In contrast, the Correction of Hemoglobin and Outcomes in

Renal Insufficiency (CHOIR) trial (31), which randomly assigned

approximately 1400 patients to high and normal Hgb arms, was termi-

nated early due to unlikelihood of significant difference and sugges-

tion of harm in the high Hgb arm. These findings are problematic and

have formed the basis of much controversy for a number of reasons:

the significance of the outcomes varies when adjusted for differences

in the baseline cardiovascular risk between the two groups, and there

was significant drop out of the original cohort. 

Both of these trials, in addition to two recently performed meta-

analyses (32,33), have highlighted the importance of erythropoietin dos-

ing and its relation to the target Hgb achieved. Higher erythropoietin

doses may be associated with worse CV outcomes in CKD patients, tip-

ping the balance between the hormone’s positive and negative effects.

The critical amount of erythropoietin relative to Hgb achieved that

may be detrimental has yet to be elucidated. These findings have given

light to the question of whether ESA dose is as or more important than

Hgb level achieved and whether responsiveness to erythropoietin may

be a marker of survival in this patient population. Most recently, an

analysis comparing the ratios of ESA dose to Hgb level achieved

(A Levin, Division of Nephrology, University of British Columbia; per-

sonal communication) has suggested that ESA dose rather than Hgb

achieved predicts outcomes; high dose ESA being more ‘toxic’ in a sick

population of CKD patients with pre-existing CVD.

While there may be a complex interaction between erythropoietin

dose and Hgb in relation to CV outcomes, it is unknown based on the

current literature whether specific subpopulations exist that would

benefit from higher Hgb levels, most specifically individuals with HF.

HF AND ANEMIA
HF is associated with reduced kidney function and anemia. The pres-

ence of either or both portends worse outcomes (3,5,34-36).

Intervention trials of Hgb normalization among HF patients have been

few and caution should be given to the generalizability of their results

based on the small numbers of patients recruited. Nonetheless, rela-

tively high-dose erythropoietin administration in selected cohorts has

been shown to improve soft clinical end points, including New York

Heart Association functional classification, oxygen consumption, B-type

natriuretic peptide levels and recurrent hospitalization (37-40). Most

importantly, significant differences in adverse events related to erythro-

poietin administration were not noted among study patients.

Clarity regarding the specific impact of ESA in HF is limited by

the ubiquitous presence of reduced kidney function in this patient

population. Furthermore, it is uncertain, based on the limited avail-

able data, whether the demonstrated benefits of ESA in HF patients is

due to correction of anemia, treatment of erythropoietin deficiency or

prevention of further deterioration in renal function.

FUTURE CONSIDERATIONS
It is clear, based on the current body of literature, that anemia is asso-

ciated with poorer outcomes in patients with CVD and CKD, and that

in turn, CVD and CKD are tightly coupled. Erythropoietin has

pleotropic effects that may be beneficial in these disease states, but its

vasoactive effects may be potentially harmful at higher doses. The

cycle of HF, anemia and reduced kidney function is well described.

The future of research in this arena must focus on whether Hgb levels

or erythropoietin deficiency, or some ratio of Hgb/erythropoietin dose

should be the target for therapy. The presence of clinical equipoise

should serve as fertile soil for further research questions and random-

ized clinical trials.

At the current time, 15 clinical trials are registered that examine

anemia therapy in various HF populations (41). The clinical commu-

nity interested in addressing the poor outcomes of those with CKD,

HF or both, is increasingly focused on anemia as a perceived modifi-

able risk factor for poor outcomes. The complexity of the relationship

among CKD, HF and anemia requires ongoing study, and patience on

the part of clinicians. 
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