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aBstract 
Background 
Endogenous erythropoietin is increased in patients with heart failure (HF). Previous 
small-scale data suggest that these erythropoietin levels are related to prognosis. This 
study aims to analyze the clinical and prognostic value of erythropoietin levels in 
relation to haemoglobin in a large cohort of HF patients.

Methods and results
In patients hospitalised for HF, endogenous erythropoietin levels were measured at 
discharge and after 6 months. In anemic patients, the relation between erythropoietin 
and haemoglobin levels was determined by calculating the observed/predicted (O/P) 
ratio of erythropoietin levels. 
We studied data of 605 patients with HF. Mean age was 71±11 years, 62% was male, 
and mean LVEF was 0.33±0.14. Median erythropoietin levels were 9.6 U/L at base-
line and 10.5 U/L at 6 months. Higher erythropoietin levels at baseline were inde-
pendently related to an increased mortality in 18 months (hazard ratio (HR)=2.06, 
95%CI:1.40-3.04; P<0.01). In addition, persistently elevated erythropoietin levels 
(> median at baseline and at 6 months) were related to an increased mortality risk 
(HR=2.24, 95%CI:1.02–4.90; P=0.044). The O/P ratio was determined in a subset 
of anemic patients of whom 79% had erythropoietin levels lower than expected and 
9% higher than expected on the basis of their haemoglobin. Multivariate Cox regres-
sion analysis revealed that a higher O/P ratio was related to an increased mortality 
risk (HR=3.52; 95%CI:1.53-8.12; P=0.003). 

Conclusions 
Erythropoietin levels predict mortality in HF patients, and persistently elevated levels 
have an independent prognostic value. In anemic HF patients, the majority had a low 
O/P ratio. However, a higher O/P ratio may be related to an independent increased 
mortality risk. 
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introduction
In heart failure (HF) patients, erythropoietin levels are elevated and do not cor-
relate well with haemoglobin levels.1,2 In smaller studies, elevated erythropoietin 
levels were associated with increased mortality and morbidity.1,3 The results of 
these studies were based on single erythropoietin measurements. At present no 
data exists about the additional value of serially measured erythropoietin levels in 
the follow up of HF patients. 
The causes for higher erythropoietin levels in HF patients compared to normal 
subjects are multifactorial.4 One possible explanation is that the chronic inflam-
matory state in HF causes inhibition of erythropoiesis in the bone marrow.5 As 
a result, elevated erythropoietin levels may be caused by bone marrow resistance 
to endogenous erythropoietin. Recently, in a small cohort of anemic HF patients, 
our group demonstrated that higher than expected erythropoietin levels for a 
given haemoglobin value, were associated with higher mortality.6 This suggests 
that anemic HF patients, who are hypo-responsive to the effects of endogenous 
erythropoietin on the bone marrow, seem to have a worse prognosis compared to 
patients with normal or lower than expected erythropoietin levels. 
The aim of the present study is twofold. First, we investigated the prognostic 
role of both single and sequential erythropoietin measurements in a large cohort 
of HF patients. Second, we studied the prognostic role of higher than expected 
erythropoietin levels for a given haemoglobin in anemic HF patients.
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mEthods
patients
The COACH (the Coordinating study evaluating Outcomes of Advising and Counseling 
in Heart failure) study was a multicentre, randomized trial to evaluate the effect of two 
interventions (basic support vs. intensive support) compared with care as usual in HF 
patients. Participants were randomized during hospitalisation for HF (New York Heart 
Association class II-IV). The background, rationale and results of the main study are 
published elsewhere.7,8 In brief, inclusion into the main trial required a hospital admis-
sion for HF, and patients had to be at least 18 years of age with evidence of structural 
underlying heart disease. The primary outcome was a composite endpoint of hospitali-
sation for HF or all cause mortality. A total of 1023 patients were included in the main 
study, and follow up was performed at 1, 6, 12 and 18 months after discharge. Hos-
pitalisation for HF was defined as an unplanned overnight stay in a hospital (different 
dates for admission and discharge) due to progression of HF or directly related to HF. 
All events were adjudicated by an independent endpoint committee. Of the 17 partici-
pating centres, 16 centres agreed to collect additional blood samples. We did not apply 
specific criteria to select the included subjects. Baseline characteristics from the 1023 
subjects in the main COACH cohort did not differ significantly from the 605 patients in 
whom blood samples were taken pre-discharge. 
The study followed the principles outlined in the Declaration of Helsinki. Ethical ap-
proval was obtained from the Medical Ethical Committee and all subjects gave written 
informed consent.  

renal function and haemoglobin
The estimated glomerular filtration rate (eGFR) was measured by using the abbrevi-
ated Modification of Diet in Renal Disease equation: 186.3 x (creatinine/ 88.4)-1.154 
x (Age)-0.203 (x 0.742 if female).9  Anemia was defined according to the World Health 
Organisation criteria as an haemoglobin level < 13.0 g/dL in men and an haemoglo-
bin level < 12.0 g/dl in women. 

erythropoietin measurements
Blood samples for routine laboratory measurements and erythropoietin were mea-
sured at baseline (hospital discharge) and at 6 months of follow up. Blood samples 
were collected using pyrogen-free tubes containing EDTA (Becton Dickinson. San 
Jose, CA) and were immediately centrifuged at 2000g for 30 minutes at 4°C. The 
platelet poor plasma was separated and stored at -80°C until analysis. Plasma eryth-
ropoietin levels were measured using the IMMULITE EPO assay (Diagnostic Products 
Corporation, Los Angeles, California), which has been described before.10 This assay 
consists of a ligand-labeled monoclonal anti-erythropoietin capture antibody, an alka-
line phosphatase-labeled polyclonal conjugate antibody, and solid-phase anti-ligand–
coated polystyrene beads. The amount of plasma erythropoietin was quantified by 
chemiluminescent measurement in a luminometer. A reference range was provided 
with values ranging from 2.6 to 34 U/l.



EndogEnous Epo and anEmia in hf

81

6

erythropoietin responsiveness
We used a validated approach to determine the response of endogenous erythro-
poietin to the level of haemoglobin in anemic patients.6,11 To avoid interference 
with erythropoietin production or erythropoietin activity, a sample of anemic 
patients without renal or cardiac disease was obtained to construct a regression 
equation as a reference. This equation, 4.460-(0.274 x haemoglobin) = logeryth-
ropoietin, was used to calculate the predicted erythropoietin values for a given 
haemoglobin level. The observed logerythropoietin levels of the anemic patients 
in the present study were divided by the predicted logerythropoietin levels to 
obtain the observed/predicted (O/P) ratio. The mean O/P ratio for the reference 
subjects was 1.003 (95% confidence interval (CI) 0.916-1.087). An O/P ratio 
below 0.916 suggests a lower than expected erythropoietin production. An O/P 
ratio above 1.087 implies a higher than expected erythropoietin production.    

Statistics
Results are presented as mean ± standard deviation (SD) when normally distrib-
uted and as median and interquartile range (IQR) when non-normal distributed. 
Comparisons of differences between groups were made by unpaired Student’s 
t-test, Mann-Whitney U test or ANOVA with Bonferroni post hoc testing when ap-
propriate. For the total population, Kaplan-Meier survival plots were constructed 
by dividing erythropoietin levels at baseline into quartiles to study the influence 
of erythropoietin levels on all cause mortality, cardiovascular mortality, and HF 
hospitalisation. To study the influence of change in erythropoietin levels from 
baseline to 6 months on all cause mortality, a Landmark analysis was done in 
which all events before 6 months of follow-up were excluded. Erythropoietin 
levels were divided at their median and groups were compared using the log rank 
test. For the anemic population, Kaplan Meier plots were constructed for the dif-
ferent groups of O/P ratio of erythropoietin levels at baseline and log rank testing 
was performed. The association between parameters and all cause mortality was 
assessed by Cox proportional hazards regression. Due to the relatively small num-
ber of events, only a limited number of univariable parameters which are known 
predictors of mortality in HF (age, sex, eGFR, N-terminal pro B-type natriuretic 
peptide (NT-proBNP) and haemoglobin) were used. Those univariable factors that 
had a p<.10 were identified. Finally, these factors were entered in the multivari-
able model to assess the impact of baseline erythropoietin levels and of continu-
ously elevated erythropoietin levels on all cause mortality. Hazard ratios (HR) with 
95% CI demonstrated the risk of death. The assumption of proportional hazards 
was checked by comparing the estimated log-minus-log survival curves for par-
allelism. No violations were found. All tests were 2-tailed and a p-value < 0.05 
was considered statistically significant. All analyses were performed with SPSS for 
Windows version 16.0 (SPSS, Chicago, IL).  
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rEsults
patient characteristics
Baseline characteristics of all 605 patients are presented in Table 1. Mean age was 71±11 
years, 62% was male and mean left ventricular ejection fraction (LVEF) was 0.33±0.14. 
The mean number of days from admission for acute HF to discharge was 13.3 days. 
During 18 months of follow up, 9 patients were lost to follow up and 173 (29%) pa-
tients died. These patients were older, had significant lower haemoglobin values, worse 
renal function, and higher NT-proBNP and erythropoietin levels. Also, more patients 
had diabetes mellitus type II and atrial fibrillation (Table 1).

prognostic value of erythropoietin
Median erythropoietin levels at baseline were 9.6 U/l (IQR 5.1-16.0). Kaplan Meier 
survival plots for all cause mortality, cardiovascular mortality and HF hospitalisation 
demonstrated that higher erythropoietin levels at baseline predicted a worse progno-
sis (Log Rank P<0.01, P<0.01 and P=0.066 respectively, Figure 1a-1c). Furthermore, 

Table 1. Baseline characteristics 

Variable Total population 
(n=605)

Survivors
(n=432)

Non-Survivors
(n=173) 

P-Value 

Age (years) † 71±11 69±11.4 74±9.9 <0.001‡ 

Sex (n/ % male) 374 (62) 258 (60) 116 (67) 0.094

LVEF (%) † 33±14 34±14 32±15 0.405

NYHA III +IV (n/%) 297 (51) 214 (52)  83 (48) 0.612

Hb (g/dL) * 13.2±2.0 13.4±2.0 12.6±1.9  0.001‡

eGFR (ml/min/1.73m2)* 53.2 (38.6-67.4) 56.6 (41.6-70.6) 44.9 (32.6-58.7)  <0.001‡

Epo (U/L) * 9.6 (5.1-16.0) 8.4 (4.7-14.5) 12.7 (7.1-21.4) <0.001‡

NTproBNP (pmol/L) * 2527 (1311-5834) 2186 (1130-4365) 4547 (2117-10182)   <0.001‡

O/P ratio * 0.93 (0.64-1.53) 0.90 (0.63-1.55) 0.96 (0.66-1.52)    0.075

History of (n/ %): 
   Hypertension 262 (43) 189 (44) 73 (42)    0.728
   Diabetes type II 117 (19)  69 (16) 48 (28)    0.001‡ 
   Atrial fibrillation 273 (45) 182 (42) 91 (53)    0.019‡

Medication (n/ %):
   Beta-blocker 388 (66) 262 (63) 126 (73)    0.013‡
   Ace-inhibitor/ARB 492 (83) 350 (84) 142 (83)    0.971
   Diuretics
 

568 (96) 405 (97) 163 (95)    0.281
 

LVEF= Left ventricular ejection fraction; NYHA=New York Heart Association; Hb=haemoglobin; 
eGFR=estimated glomerular filtration rate; Epo=Erythropoietin; NTproBNP=N-Terminal pro B-type 
Natriuretic Peptide; O/P= observed/predicted ratio; ARB=Angiotensin receptor blocker;
*median/IQR; †mean ± sd; ‡p <0.05; P-value: survivors vs. non-survivors
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multivariate Cox regression analysis showed that higher logerythropoietin levels (HR 
2.06 per U/L; 95% CI (1.40-3.04); P<0.001), lower eGFR (HR 0.90 per 10 ml/
min/1.73m2; 95% CI (0.82-0.99); P=0.025), higher NT-proBNP (HR 1.44 per 1000 
pmol/L; 95% CI (1.26-1.64); P<0.001) and higher age (1.19 per 5 years; 95% CI 
(1.09-1.30); P<0.001) were independent predictors for mortality (Table 2). 

At 6 months, erythropoietin levels were available in 330 patients. Median baseline values 
of these patients were 8.3 U/L (IQR 4.6-14.7) and at 6 months their median erythro-
poietin levels were slightly increased to 10.5 U/l (IQR 7.2-15.5). Kaplan Meier sur-
vival analysis showed that patients with persistently high (i.e. above the median) eryth-
ropoietin levels both at baseline and at 6 months were at the highest risk compared to 
patients with low (i.e. below the median) erythropoietin levels either at baseline or at 
6 months (Log Rank P=0.01; Figure 1d). Comparison between groups revealed that 
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patients with persistent high erythropoietin levels had significant lower haemoglobin 
(P<0.001), higher age (P<0.001) and higher NT-proBNP levels (P=0.022; Table 3). 
Cox regression analyses showed that not only age, but baseline haemoglobin, NT-
proBNP and eGFR were also independent predictors of mortality. After adjustment for 
these variables in the multivariable analysis, repetitive erythropoietin levels above the 
median remained an independent predictor of mortality (HR 2.24; 95% CI (1.02-
4.90); P=0.044) (Table 4).  

Table 2. Cox regression for all cause mortality in the total population

Variable Univariable Multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age, 5 year 1.21 (1.12-1.31) <0.001* 1.19 (1.09-1.30) < 0.001*

eGFR, 10 ml/min/1.73m2 0.79 (0.74-0.84) <0.001* 0.90 (0.82-0.99)    0.025*

NT-proBNP, 1000 pmol/L 1.50 (1.35-1.68) <0.001* 1.44 (1.26-1.64) < 0.001*

Hb, g/dL 0.85 (0.79-0.92) <0.001*

logEpo, U/L 2.50 (1.78-3.54) <0.001* 2.06 (1.40-3.04) <0.001*

eGFR=estimated glomerular filtration rate; NTproBNP=N-Terminal pro B-type Natriuretic Peptide; 
Hb=haemoglobin; Epo=Erythropoietin; *p <0.05

Table 3. Baseline characteristics between groups of high vs low erythropoietin levels during follow up 

Variable Low-Low
(n=120)

Low-High
(n=66)

High-Low
(n=51)

High-High
(n=93)

P-value

Age (Years) 67±11* 71±12 67±14† 73±11 <0.001

Sex (n/% male) 71 (59) 42 (64) 26 (51) 61 (66)   0.349

LVEF (%) 32±14 28±14 33±13 34±13   0.680

eGFR (ml/min/1.73m2) 59 (46-72) 58 (41-69) 57 (19-68) 52 (38-67)   0.276

Epo (U/L) 4.5 (2.4-6.5)* 5.6 (3.8-8.0)* 14.9 (12-18.4) 16.1 (12.4-25.6) <0.001

Hb (g/dL) 14.0±1.6* 14.1±2.4* 13.1±1.9 12.7±1.8 <0.001

NTproBNP (pmol/L)
1791

(835-3145)†

2070
(1046-4659)

2597
(1574-5103)

2785
(1442-4347)   0.022

Low-Low: both at baseline and at 6 months Epo levels below the median; Low-High: Epo levels at 
baseline below the median and at 6 months above the median; High-Low: Epo levels at baseline 
above the median and at 6 months below the median; High-High: both at baseline and at 6 months 
Epo levels above the median. 
LVEF= Left ventricular ejection fraction; eGFR=estimated glomerular filtration rate; 
Epo=Erythropoietin; Hb=haemoglobin; NTproBNP=N-Terminal pro B-type Natriuretic Peptide; 
*p <0.001 vs high-high; †p <0.05 vs high-high; p-values were calculated with ANOVA-testing.
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Table 4. Cox regression analysis for all cause mortality with erythropoietin levels > median at baseline 
and at 6 months   

Variable Univariable Multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age, 5 year 1.21 (1.12-1.31) <0.001* 1.20 (1.03-1.40)  0.023*

eGFR, 10 ml/min/1.73m2 0.80 (0.73-0.87) <0.001*    

logNT-proBNP, pmol/L 1.41 (1.15-1.76) 0.001* 1.37 (1.02-1.85) 0.036*

Hb, g/dL 0.87 (0.78-0.97) 0.012*

Hb_change 0.95 (0.71-1.26) 0.701

Epo_low_low 1.00 - 1.00 -

Epo_high_low 0.77 (0.20-2.57) 0.599 0.59 (0.16-2.18) 0.432

Epo_low_high 1.54 (0.61-3.90) 0.363 1.14 (0.44-2.93) 0.784

Epo_high-high 3.32 (1.58-6.98) 0.002* 2.24 (1.02-4.90) 0.044*

eGFR=estimated glomerular filtration rate; NTproBNP=N-Terminal pro B-type Natriuretic Peptide; 
Hb=haemoglobin; Hb_change= absolute difference in haemoglobin between baseline and 6 months; 
Epo=Erythropoietin; Low-Low: both at baseline and at 6 months Epo levels below the median; Low-
High: Epo levels at baseline below the median and at 6 months above the median; High-Low: Epo 
levels at baseline above the median and at 6 months below the median; High-High: both at baseline 
and at 6 months Epo levels above the median; *p <0.05
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Figure 2.
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Table 5.  Baseline characteristics between groups of patients divided by their O/P ratio of 
erythropoietin levels

Variable Erythropoietin levels 
lower than expected 

(n=107)

Erythropoietin 
levels as expected 

(n=16)

Erythropoietin 
levels higher than 
expected (n=12)

P-value

O/P ratio 0.65 (0.54-0.77) 1.0 (0.97-1.03) 1.30 (1.18-1.40) -

Age (years) 73.2±11.5 68±10.7 70.7±5.9 0.188

Sex (n/ % male) 63 (58.9) 13 (81.3) 8 (66.7) 0.219

LVEF (%) 38±14 33±12 28±13 0.062

NYHA class III (n/ %) 53 (50) 7 (46.7) 8 (66.7) 0.447

eGFR (ml/min/1.73m2) 45.8 (31.7-66.2) 49.8 (42.9-66.5) 51.6 (44.3-78.5) 0.379

Epo (U/L) 11.3 (8.0-15.4) 20.1 (14.4-28.6) 57.3 (40.6-82.1) *† < 0.001

Hb (g/dL) 11.1±1.0 * 12.1±0.8 12.0±0.6 ‡ < 0.001

NTproBNP (pmol/L) 3524 (1639-7419) 4087 (1843-7432) 5616 (1454-12582) 0.271

History of (n/ %): 

   Hypertension 41(38.3) 9(56.3) 6(50) 0.332

   Diabetes type II 32(18.6) 8(22.9) 25(18.7) 0.835

   Atrial fibrillation 34(31.8) 6(37.5) 5(41.7) 0.739

Medication (n/ %):

   Beta-blocker 67(63.8) 11(73.3) 9(75) 0.608

   Ace-inhibitor 77(73.3) 12(80) 8(66.7) 0.740

   ARB 9(8.6) 1(6.3) 3(25) 0.074

   Diuretics 98(93.3) 14(93.3) 14(100) 0.659

O/P ratio=observed/predicted ratio; LVEF=Left ventricular ejection fraction; NYHA=New York Heart
Association; eGFR=estimated glomerular filtration rate; Epo=Erythropoietin; Hb=haemoglobin;
NTproBNP=N-Terminal pro B-type Natriuretic Peptide; ARB=Angiotensin receptor blocker; 
*p<0.001 vs. adequate Erythropoietin levels; † p<0.001 vs. lower than expected Erythropoietin levels;
‡ p<0.05 vs. lower than expected Erythropoietin levels; p-values were calculated with ANOVA-testing.

erythropoietin responsiveness 
An O/P ratio was determined in a subset of 135 anemic patients. In this population, 
median erythropoietin values were 12.8 U/L (IQR 9.0-19.5). Based on their O/P 
ratio, patients were divided in three groups; erythropoietin levels lower than expected 
(107 patients), erythropoietin levels as expected (16 patients) and erythropoietin lev-
els higher than expected (12 patients) (Table 5). Kaplan Meier survival analysis showed 
that patients with higher than expected erythropoietin levels had a higher mortality 
risk (Log Rank P=0.033; Figure 2). Cox regression analysis demonstrated that in the 
anemic cohort, mortality was independently predicted by higher age (HR 1.07 per 
year; 95% CI (1.03-1.11); P<0.01), higher NT-proBNP (HR 1.44 per 1000 pmol/L; 
95% CI (1.12-1.85); P=0.005), and higher than expected erythropoietin levels (HR 
3.52; 95% CI (1.53-8.12); P=0.003).    
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discussion
The present study investigated the prognostic role of erythropoietin in a large cohort 
of HF patients. The results showed that both elevated erythropoietin levels at baseline, 
and persistently elevated erythropoietin levels in particular, predicted impaired sur-
vival. Second, in most anemic HF patients, erythropoietin levels did not correspond 
well with the level of haemoglobin. The majority of patients had lower than expected 
erythropoietin levels. Interestingly, anemic patients with erythropoietin levels that 
were higher than expected given the haemoglobin value had a worse prognosis com-
pared to patients with normal or lower than expected erythropoietin levels. 
A few studies of our group and others have demonstrated that elevated erythropoietin 
levels in HF patients independently predicted impaired outcome.1,2,3,6 In the present 
study, we confirmed these findings in a larger cohort of HF patients. These patients 
were included after stabilisation of acute decompensated HF, and they are therefore 
at a much higher risk of future events in comparison to patients with stable chronic 
HF.12

A novel finding of the present study is that a higher mortality risk is not only predicted 
by single high erythropoietin levels, but also by erythropoietin levels that remained 
high at sequential measurements during follow up. This may indicate that HF patients 
who show consistently high erythropoietin levels are doing clinically worse and have 
a more advanced state of the disease, which is also pointed out by the higher NT-
proBNP levels found in this group. 
Interestingly, only a minority of patients in the anemic cohort had erythropoietin 
levels as could be expected on the basis of their haemoglobin levels. Only 12% of 
anemic patients had erythropoietin levels as expected and 9% had erythropoietin 
levels higher than expected given their haemoglobin value. An important observation 
of the present study was that in the majority of patients, erythropoietin levels were 
lower than expected on the basis of their haemoglobin levels. There might be two ex-
planations for this finding. First, many acute HF patients are fluid overloaded, and may 
have dilutional anemia. Of note, blood samples of included patients were obtained 
before discharge, so patients were already stabilised. Hemodilution therefore does not 
seem to play a dominant role, but still might have contributed to this finding. Second, 
renal dysfunction is frequently present in HF, and may explain the relatively lower 
erythropoietin levels. In our study, patients with a low O/P ratio showed more renal 
dysfunction compared to the other O/P ratio groups, although this difference did not 
reach statistical significance. 
A small number of patients had erythropoietin levels higher than expected. This num-
ber is lower than recently reported in a smaller group of HF patients from the out-
patient clinic.6 As was mentioned previously, this distinction can be explained by a 
difference in volume status 13, since patients in our study were included while hospi-
talised for HF. However, impairment of renal function may have played a significant 
role as well. Several mechanisms may be responsible for these higher than expected 
erythropoietin levels. First, in HF, increased erythropoietin production by the kid-
ney may be a response to a reduction in renal perfusion due to a decreased cardiac 
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output and not as a response to lower haemoglobin levels. In our analysis, patients 
with a high O/P ratio tended to have lower LVEF and higher NT-proBNP levels. Sec-
ond, an altered metabolic state, causing the oxygen-haemoglobin dissociation curve 
to shift to the right, may influence erythropoietin production. Third, angiotensin is 
increased in HF, even in the presence of ACE-inhibitors, and angiotensin is known to 
stimulate erythropoietin production.14 Another potential explanation is that an active 
pro-inflammatory state in HF may cause a blunted response of the bone marrow to 
the effects of endogenous erythropoietin.4,15 Indeed, in our study, patients with a 
high O/P ratio show signs of more advanced HF which can negatively influence bone 
marrow function. Resistance to erythropoietin is also observed in studies correcting 
anemia with erythropoiesis-stimulating agents in chronic kidney disease.16,17,18 This 
hypo-responsiveness was associated with several factors, including inflammation, vi-
tamin deficiencies and blood loss.16 Currently, a large randomized, controlled clinical 
trial is ongoing with darbepoetin alfa treatment in anemic HF patients.19 Potential 
beneficial effects of exogenous erythropoietin administration in HF patients might 
not only be related to correcting anemia, but experimental studies have demonstrated 
that erythropoietin also improves cardiac function by stimulating neovascularisation 
and reducing apoptosis.20,21,22,23 These effects are seen even when erythropoietin is ad-
ministered in low doses that do not increase hematocrit.24 These extra-hematopoietic 
effects may not only be useful in HF, but may also prevent cardiac function loss after 
myocardial infarction. Presently, a randomized, multicentre trial evaluates the effect of 
a single bolus of erythropoietin on left ventricular function, administered after a first 
acute myocardial infarction.25   

Limitations
Several limitations of this study should be acknowledged. Although we analyzed data 
of a large cohort of HF patients, erythropoietin levels at 6 months were not measured 
in all patients, due to logistical reasons. The reference equation for defining O/P ratios 
for erythropoietin was constructed using a sample size of 20 patients. However based 
on a small number of patients, the reference equation was previously constructed 
by our group 6 and so it was used in the current analyses as well. Furthermore, the 
number of anemic HF patients in whom an O/P ratio could be assessed was small, 
as was the final number of patients with erythropoietin levels higher than expected. 
Therefore, this data should be interpreted with caution. Finally, no hematinic param-
eters were measured to assess the true nature of anemia.  

Conclusion
In conclusion, both elevated baseline erythropoietin levels, and persistently elevated 
erythropoietin levels were independently related to increased mortality. Furthermore, 
the majority of patients had erythropoietin levels lower than expected. Patients with a 
high O/P ratio showed an increased mortality risk compared to patients with normal 
or lower than expected erythropoietin levels.  
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Clinical perspective
Small-scale studies in patients with HF have suggested that single measurement of 
erythropoietin levels has prognostic value. In the present study, we sequentially mea-
sured erythropoietin levels in a large cohort of HF patients. We confirmed that elevated 
erythropoietin levels were independently related to a poor prognosis. Furthermore, 
patients in whom erythropoietin levels remained high at a second measurement had 
an even worse prognosis compared to patients with only one elevated erythropoietin 
measurement. Moreover, we showed that anemic HF patients with erythropoietin lev-
els higher than expected, i.e. suggesting erythropoietin-resistance, have an increased 
mortality risk.
Although erythropoietin might be used in everyday clinical practice as a prognostic 
marker in HF, we believe that these results may be potentially interesting for additional 
reasons. First, evaluation of erythropoietin levels in HF may help to better understand 
the pathophysiology of HF. Second, erythropoiesis-stimulating agents are currently 
studied as a possible novel therapy in HF and therefore insight into the natural course 
of erythropoietin in HF is essential. In this respect, a certain group of patients appear 
to be erythropoietin-resistant, and it may be speculated that this might also be associ-
ated with the response to exogenous erythropoietin.  
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