


outcome when renal function is taken into account. The
Candesartan in Heart Failure: Assessment of Reduction in
Mortality and Morbidity (CHARM) Program provides new
information on these gaps in knowledge.

Methods
The CHARM Program
The design and key findings of the CHARM have been reported
elsewhere.15,16 CHARM consisted of 3 independent but related trials
that randomized patients with NYHA class II to IV HF to placebo or
candesartan. Patients with an LVEF �0.40 not taking an ACE
inhibitor because of intolerance were enrolled in CHARM-
Alternative; those taking an ACE inhibitor were enrolled in
CHARM-Added; and patients with an LVEF � 0.40 were random-
ized into CHARM-Preserved. There was no specific exclusion for
anemia or level of Hb, but there was for creatinine �3 mg/dL. The
overall follow-up was a median of 38 months and was similar in
patients enrolled within and outside North America (United States
and Canada). Ten patients (of 7599) were lost to follow-up in
CHARM.

Blood was collected at baseline for hematologic and biochem-
ical analyses in the 2743 patients enrolled in North America, 2653
of whom had an Hb measurement available.

Glomerular filtration rate (eGFR) was estimated from the
simplified Modification of Diet in Renal Disease (MDRD)
formula.17,18

Statistical Analysis
The baseline characteristics were summarized and compared
between patients who were anemic and those who were nonane-
mic using the World Health Organization definition (Hb � 12g/dL
in women and � 13 g/dL in men).19 Linear regression was used to
establish univariate and multivariable predictors of anemia and
eGFR was added to that model to assess the impact of renal
function on Hb. Subsequent analyses included other biochemical
and hematologic measures considered a priori to be of particular
importance in explaining the relationship between renal function
and Hb. Variables with P� 0.01 were included in the multivari-
able model in a stepwise fashion. Binary and categorical variables
were entered using an appropriate number of indicator variables
and quantitative variables as a single continuous measurement, as
appropriate. If there was clear evidence of nonlinearity, cutoffs
that reasonably represented the data and were clinically meaning-
ful were used (eg, eGFR of 60 mL · min� 1 · 1.73 m� 2). Differ-
ences in baseline characteristics between those with and without
anemia were compared by use of logistic regression.

Cox proportional-hazard models, using the risk factors estab-
lished for the whole CHARM population (n� 7599) with the
addition of anemia, were fitted to assess the impact of anemia on
the 2 main outcomes in CHARM, cardiovascular death or
hospitalization for HF and all-cause mortality. The overall prog-
nostic model has been described in detail, and data from the
whole CHARM population were used to identify key prognostic
factors more reliably.20 Additional models also included eGFR to
assess whether it affected the association between anemia and
outcome. The assumptions of proportionality of the impact of
anemia over time were assessed and found to be reasonable. All
analyses were repeated in patients with reduced and preserved
LVEF separately to assess whether there were substantial differ-
ences between the 2 populations.

The authors had full access to the data and take responsibility
for its integrity. All authors have read and agree to the manuscript
as written.

Results
Hb and Baseline Characteristics
The baseline characteristics are summarized in Table 1.
Table 2 shows the relationship between anemia and other
laboratory measurements.

Hb and Anemia
The mean� SD Hb in CHARM-Alternative was 13.5� 1.7
g/dL, 13.8� 1.5 g/dL in CHARM-Added, 13.4� 1.6 g/dL in
CHARM-Preserved, and 13.6� 1.6 g/dL in the overall
program. The proportion of anemic patients in each trial
was 29%, 21%, and 27%, respectively, and 26% overall.

Anemia and Baseline Demographics
The relationship between anemia and baseline character-
istics was similar across all 3 trials. Anemic patients were
more often elderly and black and had worse NYHA
functional class and lower body mass index (Table 1). In
the multivariable model (excluding laboratory measure-
ments other than eGFR), female gender, lower diastolic
blood pressure (BP), black ethnicity, and lower eGFR were
the most powerful predictors of low Hb. The independent
predictors of reduced Hb were similar in patients with
reduced and preserved LVEF (Table 3).

Histories of HF hospitalization and diabetes were sig-
nificant independent predictors of anemia in the multivari-
able analysis (Table 3).

Anemia, Symptoms, Signs, and Investigative Findings
On univariate analysis, anemic patients overall had a lower
diastolic BP, more evidence of congestion, and a higher
mean LVEF (Table 1). The proportion of patients with an
LVEF � 0.25 was lower in the anemic group. An inverse
relationship between Hb and LVEF was seen in both the
low and preserved LVEF trials. By Hb quintile, the mean
LVEF was 0.42 (quintile I: median Hb, 11.5 g/dL; range,
10.8 to 12.5 g/dL), 0.39, 0.38, 0.38, and 0.35 (quintile V:
median Hb, 15.5 g/dL; range, 15.2 to 16.1 g/dL; P� 0.001).
The proportion of patients with a LVEF � 0.25 in each
quintile was 13.7%, 18.4%, 20.7%, 21.7%, and 26.1%
(P� 0.001), and the proportion with an LVEF � 0.50 was
65%, 70%, 73%, 75%, and 80% (P� 0.001).

Lower diastolic BP, dependent edema, and higher LVEF
remained independent predictors in the multivariable anal-
ysis (table 3).

Anemia and Other Hematologic and Biochemical Measures
Of laboratory measures significant in the univariate anal-
ysis (Table 2), 5 were selected as potential indicators of
inflammation, bone marrow activity, hemodilution, malnu-
trition, and blood loss (white cell and platelet count, red
cell distribution width, mean cell volume and albumin) and
entered into the multivariable model. Each remained an
independent predictor of anemia in both reduced and
preserved LVEF HF (Table 3).

Anemia and Renal Function
Mean� SD eGFR was 67.5� 26.7 mL · min� 1 · 1.73 m� 2 in
CHARM-Alternative, 73.0� 26.9 mL · min� 1 · 1.73 m� 2

in CHARM-Added, and 72.2� 26.9 mL · min� 1 · 1.73
m� 2 in CHARM-Preserved. Mean eGFR was 14.5
mL · min� 1 · 1.73 m� 2 lower in anemic compared with
nonanemic patients, a relationship apparent in all 3 trials.
More than 50% anemic patients had stage III to IV chronic
kidney disease, whereas � 30% of nonanemic patients had
an eGFR � 60 mL · min� 1 · 1.73 m� 2. Conversely, 39% of
patients with an eGFR � 60 mL · min� 1 · 1.73 m� 2 were
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TABLE 1. Associations Between Anemia Status and Other Baseline Patient Characteristics

All Patients Reduced LVEF Preserved LVEF

Variable
Anemia
(n� 677)

No Anemia
(n� 1976) P *

Anemia
(n� 391)

No Anemia
(n� 1193) P *

Anemia
(n� 286)

No Anemia
(n� 783) P *

Hb, median (IQ range), g/dL 11.8 14.1 � � � 11.9 14.3 � � � 11.7 14.0 � � �
Hematocrit, median (IQ range), % 35.1 42.6 � � � 35.9 42.5 � � � 35.6 41.9 � � �
Mean age, y 68.2 64.2 � 0.001 68.5 63.4 � 0.001 67.8 65.5 0.003
Age �75 y, % 30.2 22.2 � 0.001 30.4 19.7 � 0.001 29.7 26.1 0.23
Female, % 34.9 32.8 0.34 28.9 26.0 0.26 43.0 43.3 0.93
Black, % 16.1 9.6 � 0.001 15.4 10.2 0.006 17.1 8.7 � 0.001
Mean body mass index, kg/m2 28.8 29.9 � 0.001 27.5 29.1 � 0.001 30.6 31.1 0.29
BMI � 25 kg/m2, % 29.7 23.4 0.001 35.6 26.7 0.001 21.7 18.5 0.25
NYHA class, %

II 32.5 37.8 0.006 26.3 29.7 0.095 40.9 50.1 0.007
III 63.8 59.8 69.3 67.6 56.3 48.0
IV 3.7 2.4 4.4 2.8 2.8 1.9

Dependent edema, % 41.8 29.3 � 0.001 37.1 23.4 � 0.001 48.3 38.2 0.003
Current smoker, % 8.3 16.2 � 0.001 9.0 16.2 0.001 7.3 16.4 � 0.001
Blood pressure, mm Hg

Mean systolic 128.7 128.2 0.58 124.7 125.0 0.78 134.2 133.2 0.41
Mean diastolic 70.7 74.7 � 0.001 70.3 74.1 � 0.001 71.3 75.7 � 0.001
Mean pulse pressure 58.0 53.5 � 0.001 54.4 50.9 � 0.001 62.9 57.6 � 0.001
Mean heart rate, bpm 72.5 71.6 0.084 74.0 72.4 0.028 70.4 70.2 0.082

Origin, %
Hypertensive 63.8 58.1 0.009 57.5 49.9 0.009 72.4 70.6 0.58
Ischemic 72.4 65.3 0.001 74.9 68.4 0.015 68.9 60.7 0.014
Idiopathic 18.3 25.7 � 0.001 22.5 31.2 0.001 12.6 17.2 0.067

Prior history, %
HF hospitalization 75.2 65.3 � 0.001 76.2 67.0 0.001 73.8 62.8 0.001
Hypertension 73.0 64.7 � 0.001 68.3 57.6 � 0.001 79.4 75.6 0.20
Diabetes 47.9 33.9 � 0.001 45.8 31.9 � 0.001 50.7 36.8 � 0.001
Stroke 11.7 10.4 0.35 11.0 10.7 0.85 12.6 10.0 0.22
Myocardial infarction 55.0 52.5 0.27 62.7 58.2 0.12 44.4 43.8 0.86
Angina pectoris 64.4 62.2 0.31 66.5 61.1 0.056 61.5 63.9 0.49
Atrial fibrillation 34.7 26.7 � 0.001 34.5 25.2 � 0.001 35.0 28.9 0.055
Cancer 14.9 10.9 0.006 12.8 10.1 0.14 17.8 12.1 0.017

Clinical evidence of heart failure, %
Dyspnea when walking 74.9 68.3 0.001 75.5 68.3 0.008 74.1 68.3 0.068
Dyspnea 95.3 95.0 0.81 93.6 94.8 0.37 97.6 95.4 0.12
Rest dyspnea 44.5 40.1 0.046 45.3 39.2 0.033 43.3 41.5 0.59
Venous congestion 49.8 40.0 � 0.001 47.6 32.4 � 0.001 52.8 43.9 0.010
Pulmonary problems 20.7 13.5 � 0.001 21.7 13.5 � 0.001 19.2 13.4 0.019
S3 gallop 16.5 16.1 0.81 24.6 23.1 0.57 5.6 5.5 0.95
Pulmonary edema 2.1 0.8 0.010 1.8 0.8 0.012 2.5 0.8 0.036
Bilateral pleural effusions 1.6 0.5 0.004 2.1 0.5 0.009 1.1 0.4 0.22
Cardiomegaly 14.9 11.7 0.032 17.9 13.4 0.029 10.8 9.2 0.42
Pulmonary crackles 17.9 10.9 � 0.001 17.7 10.8 � 0.001 18.2 11.0 0.002
Pulmonary wheezes 5.5 3.4 0.017 6.1 3.9 0.059 4.6 2.7 0.13

ECG, %
Left ventricular hypertrophy 14.5 13.6 0.58 15.9 14.6 0.54 12.6 12.1 0.84

LVEF
Mean ejection fraction 0.39 0.38 0.049 0.28 0.27 0.17 0.55 0.54 0.25
Proportion � 0.50, % 70.6 73.3 0.18 � � � � � � � � � 30.4 32.7 0.48
Proportion � 0.25, % 17.6 21.1 0.052 30.4 34.9 0.11 � � � � � � � � �

HF before randomization, %
Diagnosis � 2 y 52.6 56.3 0.091 59.1 60.0 0.74 43.7 50.7 0.043

Prior hospitalization for HF, %
No 24.8 34.7 � 0.001 23.8 33.0 � 0.001 26.2 37.2 � 0.001
� 6 mo 34.0 38.6 33.5 39.3 34.6 37.6
� 6 mo 41.2 26.7 42.7 27.7 39.2 25.3

*From univariate logistic model for anemia.
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anemic compared with 17.9% of patients with an eGFR
�60 mL · min� 1 · 1.73 m� 2.

Each 10 –mL · min� 1 · 1.73 m� 2 reduction in eGFR be-
low 60 mL · min� 1 · 1.73 m� 2 was associated with a reduc-
tion in Hb of 0.29 g/dL; this association was similar in
patients with reduced and preserved LVEF.

Anemia and Clinical Outcomes

Anemia and Rates of Death and Hospitalization
The unadjusted rates of death and hospitalization from all
(and specific) causes were significantly higher in anemic
patients (Table 4), a relationship seen in both low and
preserved LVEF patients (the Figure). Anemia was an
independent predictor of both the composite of cardiovas-
cular death or HF hospitalization and all-cause mortality.

There was no interaction between Hb concentration at
baseline, treatment with candesartan, and outcomes.

Discussion
We have confirmed and extended the findings of previous
studies of anemia in HF.1–7 Anemia was equally prevalent
in patients with preserved and reduced LVEF. It had
similar prognostic import in both types of HF, despite an
inverse relationship between Hb and LVEF, and was a
predictor of hospitalization. Renal function was a powerful
predictor of anemia, although our analyses suggested that
the anemia of HF is probably multifactorial in origin.

The prevalence of anemia in our patients with low LVEF
HF (25%) was similar to that in other clinical trials and
more than twice that reported in persons �65 years of age
in the general population.1,4,7,9,21 The prevalence (27%) of
anemia in patients with preserved LVEF HF, who were
excluded from prior trials, was similar.

We could examine the clinical correlates of anemia in
more detail and across a greater spectrum of patients than

TABLE 2. Associations Between Anemia and Other Baseline Laboratory Measurements

All Patients Reduced LVEF Preserved LVEF

Measurement
Anemia
(n� 677)

No Anemia
(n� 1976) P *

Anemia
(n� 391)

No Anemia
(n� 1193) P *

Anemia
(n� 286)

No Anemia
(n� 783) P *

Sodium, mmol/L 140.0 140.4 0.011 139.6 140.1 0.005 140.6 140.8 0.40

Potassium, mmol/L 4.44 4.37 0.001 4.44 4.39 0.46 4.43 4.33 0.002

Albumin, g/L 39.8 41.7 � 0.001 40.0 41.9 � 0.001 39.5 41.4 � 0.001

Uric acid, �mol/L 440.4 408.9 � 0.001 450.6 421.3 � 0.001 426.5 389.9 � 0.001

Glucose, mmol/L 8.25 7.69 0.003 8.04 7.62 0.071 8.53 7.80 0.016

Creatinine, mg/dL 1.37 1.11 � 0.001 1.41 1.15 � 0.001 1.32 1.05 � 0.001

Creatinine �2 mg/dL,% 13.9 3.1 � 0.001 15.6 3.5 � 0.001 11.6 2.4 � 0.001

Urea, mmol/L 12.14 8.86 � 0.001 12.44 9.05 � 0.001 11.72 8.56 � 0.001

Inorganic phosphate, �mol/L 1.15 1.10 � 0.001 1.16 1.11 � 0.001 1.15 1.09 � 0.001

Bilirubin direct, �mol/L 2.84 3.09 0.026 3.30 3.31 0.94 2.21 2.76 � 0.001

AST, U/L 20.6 22.2 0.008 20.9 22.6 0.030 20.3 21.6 0.14

ALT, U/L 18.3 22.7 � 0.001 19.0 23.3 � 0.001 17.5 22.0 � 0.001

MCV, fL 90.1 92.5 � 0.001 90.2 92.5 � 0.001 89.9 92.5 � 0.001

MCV � 80 fL, % 5.8 1.1 � 0.001 5.9 1.2 � 0.001 5.6 1.0 � 0.001

MCHC, mmol/L 20.5 20.8 � 0.001 20.5 20.8 � 0.001 20.4 20.7 � 0.001

RDW, % 15.5 14.4 � 0.001 15.6 14.5 � 0.001 15.5 14.3 � 0.001

RDW � 15%, % 48.7 26.1 � 0.001 48.9 27.4 � 0.001 48.4 24.0 � 0.001

White cell count, 109/L 7.06 7.45 � 0.001 7.11 7.42 0.013 7.00 7.49 0.002

Neutrophils segmented, % 65.5 64.2 0.002 65.8 64.1 0.002 65.1 64.4 0.24

Platelet count, 109/L 237.6 228.4 0.003 230.6 225.1 0.17 247.0 233.5 0.006

Lymphocytes, % 24.3 25.8 � 0.001 23.9 25.7 � 0.001 24.9 26.0 0.064

Lymphocytes � 20%, % 32.5 25.0 � 0.001 33.5 26.4 0.007 31.1 22.9 0.006

Monocytes, % 6.25 6.46 0.069 6.39 6.65 0.096 6.06 6.18 0.50

eGFR, mL � min� 1 � 1.73 m� 2

Mean 60.5 75.0 � 0.001 59.8 74.3 � 0.001 61.6 76.1 � 0.001

eGFR �90, % 11.7 24.8 � 0.001 11.0 23.6 � 0.001 12.6 26.7 � 0.001

eGFR �60, % 44.9 70.5 � 0.001 42.8 69.4 � 0.001 47.7 72.1 � 0.001

eGFR � 30, % 9.0 1.7 � 0.001 10.0 1.5 � 0.001 7.7 1.9 � 0.001

Values are means unless otherwise indicated.
*From univariate logistic model for anemia.
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in previous reports. We found associations between low
Hb and older age, female sex, worse functional status, and
more comorbidity, although not all remained significant in
the multivariable analyses.1–9 Renal dysfunction was one

of the strongest independent predictors of Hb, and mean
eGFR was lower in anemic than in nonanemic individuals
in all 3 trials. Hb declined little until the eGFR fell to � 60
mL · min� 1 · 1.73 m� 2 but fell sharply thereafter, by 0.29

TABLE 3. Independent Predictors of Hb in Patients in CHARM

Risk Factor

Estimated Mean Difference in Hb, g/dL
Estimated Mean Difference in Hb

for Comparison Factor

P

All* Reduced Preserved All Reduced Preserved

Gender

Female � 0.84 � 0.91 � 0.79 Versus male � 0.001 � 0.001 � 0.001

Diastolic blood pressure

Mean, mm Hg 0.32 0.27 0.41 Per 10–mm Hg increase � 0.001 � 0.001 � 0.001

Ethnic group

White � � � � � � � � �
Black � 0.87 � 0.72 � 1.12 Versus white ethnic group � 0.001 � 0.001 � 0.001

Other � 0.37 � 0.35 � 0.40 0.009 0.046 0.10

Smoking

Current smoker 0.52 0.46 0.67 Versus nonsmokers � 0.001 � 0.001 � 0.001

Prior hospitalization for HF

No � � � � � � � � �
� 6 mo � 0.14 � 0.04 � 0.24 Versus no previous hospitalization 0.035 0.61 0.019

� 6 mo � 0.43 � 0.40 � 0.41 � 0.001 � 0.001 � 0.001

Dependent edema

Yes � 0.32 � 0.44 � 0.15 � 0.001 � 0.001 0.094

BMI

Mean, kg/m2 0.25 0.28 0.18 Per 10-kg/m2 increase � 0.001 � 0.001 0.011

Diabetes

Nondiabetic � � � � � � � � �
Non-ID diabetic � 0.17 � 0.18 � 0.12 Versus nondiabetics 0.010 0.027 0.24

ID diabetic � 0.40 � 0.37 � 0.43 � 0.001 0.001 0.001

Systolic blood pressure

Mean, mm Hg � 0.07 � 0.06 � 0.12 Per 10–mm Hg increase � 0.001 0.016 � 0.001

Diagnosis � 2 y

Yes 0.22 0.25 0.23 Compared with � 2 y � 0.001 0.001 0.010

Age

Mean, y � 0.09 � 0.13 � 0.04 Per 10-y increase 0.001 � 0.001 0.43

eGFR

Mean, mL � min� 1 � 1.73 m� 2 � 0.29 � 0.31 � 0.25 Per 10-mL � min� 1 � 1.73 m� 2 decrease � 60 � 0.001 � 0.001 � 0.001

Impact of additional laboratory variables to model

Albumin

Mean, g/L 0.48 0.44 0.55 Per 5-g/L increase � 0.001 � 0.001 � 0.001

White cell count

Mean (109/L) 0.55 0.53 0.59 Per 5� 109/L increase � 0.001 � 0.001 � 0.001

RDW

Mean, % � 0.12 � 0.09 � 0.17 Per 1% increase � 0.001 � 0.001 � 0.001

Platelet count

Mean, 109/L � 0.16 � 0.17 � 0.15 Per 50� 109/L increase � 0.001 � 0.001 � 0.001

MCV

Mean, fL 0.29 0.31 0.27 Per 10-fL increase � 0.001 � 0.001 � 0.001

MCV indicates mean corpuscular volume; RDW, red cell distribution width.
*For patients with an LVEF � 25% (n� 1898); estimated mean difference, � 0.24, vs LVEF �25%; t value, � 3.92; P� 0.001.
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g/dL per 10 –mL · min� 1 · 1.73 m� 2 decrease in eGFR. This
was consistent with the relationship between eGFR and Hb
in primary renal disease. Indeed, the mean eGFR in
patients with anemia in CHARM (60.5 mL · min� 1 · 1.73
m� 2) corresponded to the threshold for stage III chronic
kidney disease at which the risk of anemia increases.18,22

Therefore, renal impairment may explain anemia in a
substantial subset of patients with HF.

Diabetes remained an independent predictor of anemia,
after taking renal function into account. The relationship
between anemia and diabetes is complex, involving in-
flammation and nutritional factors, in addition to nephrop-
athy. Erythropoietin concentration may also be inappropri-
ately low in these patients, even without a significant
reduction in GFR.23,24

We found that black patients were more likely to be
anemic than white ones, as has been noted before in the
general population but not in patients with HF; its expla-
nation is uncertain.21

Anemic patients had more evidence of congestion, suggest-
ing that hemodilution might contribute to the anemia, a
hypothesis supported by the associations between anemia and
recent HF hospitalization and low serum albumin.25 Low
albumin could also suggest nutritional or inflammatory mech-
anisms, as could the relationship between Hb and body mass
index, eg, as a result of cytokine activation, postulated to play
a role in causing both anemia and cachexia.26–28

The associations between anemia and higher red cell
distribution width, lower mean cell volume, and higher
platelet count also suggested that iron deficiency (or blood
loss) may play a role in the anemia of HF. Although we do
not have information on other factors that could contribute
to the development of anemia in HF such as neurohumoral
activation and inflammation, our new data on laboratory
predictors suggest that the cause of anemia in HF is likely
to be multifactorial.26 –28

Unexpectedly, we found an inverse relationship between
Hb and LVEF, making the association between anemia and
worse clinical status and outcome more remarkable. Al-
though seemingly counterintuitive, in patients without HF,
anemia increases cardiac output and reduces systemic
vascular resistance (which may also account for the
relationship we found between anemia and BP).29,30 Pa-
tients with anemia may have more nitric oxide–mediated
vasodilatation (Hb neutralizes nitric oxide), and the result-
ing reduction in afterload increases LVEF.30,31 This mech-
anism may be exaggerated in HF in which excess cytokine
production causing enhanced nitric oxide–mediated vaso-
dilatation has been described.32

As in prior studies, we found that anemia was associated
with higher mortality, although this relationship also was
seen in patients with preserved LVEF in CHARM.1–9

Anemic patients had a higher risk of noncardiovascular
and cardiovascular death (and all types of cardiovascular

TABLE 4. Rates of Death and Admission to Hospital per 1000 Patient-Years of Follow-Up by Anemia Status

All Patients Reduced LVEF Preserved LVEF

Variable
Anemia
(n� 677)

No Anemia
(n� 1976) P

Anemia
(n� 391)

No Anemia
(n� 1193) P

Anemia
(n� 286)

No Anemia
(n� 783) P

Death

Total, n 231 387 166 281 65 106

All causes 132.9 68.6 � 0.001 172.3 82.7 � 0.001 83.9 47.2 � 0.001

Cardiovascular 97.8 55.3 � 0.001 129.8 70.6 � 0.001 58.1 32.0 0.001

HF 33.4 17.4 � 0.001 42.6 23.0 0.002 21.9 8.9 0.005

Sudden 36.8 24.5 0.007 55.0 32.1 0.002 14.2 12.9 0.79

Myocardial infarction 8.1 2.7 0.003 9.3 3.5 0.032 6.5 1.3 0.026

Stroke 4.6 2.8 0.29 5.2 3.2 0.42 3.9 2.2 0.46

Other cardiovascular 15.0 8.0 0.008 17.6 8.8 0.017 11.6 6.7 0.19

Noncardiovascular 35.1 13.3 � 0.001 42.6 12.1 � 0.001 25.8 15.1 0.059

Hospital admissions (first)

Total, n 489 1243 289 761 200 482

All causes 526.6 352.3 � 0.001 580.7 360.0 � 0.001 464.2 341.0 0.001

Cardiovascular 336.1 233.4 � 0.001 379.2 258.6 � 0.001 285.4 197.7 � 0.001

HF 164.9 92.5 � 0.001 183.0 105.2 � 0.001 142.9 73.9 � 0.001

Myocardial infarction 10.5 10.1 0.92 9.4 10.1 0.83 11.9 10.0 0.70

Stroke 9.3 11.3 0.49 8.4 10.7 0.55 10.4 12.2 0.70

Other cardiovascular 239.0 165.9 � 0.001 277.2 183.3 � 0.001 193.1 140.8 0.008

Noncardiovascular 269.5 161.0 � 0.001 281.0 137.6 � 0.001 255.5 175.9 � 0.001

CV death or hospital admission for CV cause

Total (n) 368.2 (414) 256.3 (1 050) � 0.001 427.4 (266) 290.2 (697) � 0.001 298.7 (158) 208.3 (353) � 0.001

CV indicates cardiovascular.
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death). Our analysis of hospital admissions supports these
findings and extends knowledge about the risks related to
anemia. Importantly, we observed the relationship between
anemia and outcome across a relatively normal range of
Hb and in patients with preserved LVEF.

Do these findings from CHARM help explain why
anemia is associated with worse outcomes? Previously,
unfavorable ventricular remodeling was suggested as a
link, but this relationship seems more complex than
originally appreciated.32 Although LVEF is higher in
anemic patients (but still reduced from normal in many
patients), anemia also is associated with left ventricular
hypertrophy, and the combination of left ventricular dila-
tation, low LVEF, and left ventricular hypertrophy is
ominous.33 It also has been suggested that anemia leads to
excessive myocardial work to compensate for reduced
tissue oxygen delivery. Certainly, the clear increase in
deaths and admissions resulting from HF (and perhaps the
higher LVEF) in anemic patients is consistent with this
hypothesis. There are other possible links between anemia
and poor outcome. A particularly important one could be
renal function.4,34,35 However, only 9.0% patients with
anemia in CHARM had severe renal dysfunction, and
anemia remained an independent predictor of outcome in

multivariate models including eGFR. Anemia also causes
fluid retention, and we found a relationship between
congestion (which is associated with a worse outcome) and
anemia. In addition, anemia may be a marker of poor
nutritional status, as discussed above, which is also a
predictor of worse outcome. Consequently, anemia may be
linked to a worse prognosis through multiple and overlap-
ping mechanisms.

Our study had a number of limitations. As with all trials,
the patients were relatively selected; in particular, patients
with a creatinine �3 mg/dL were excluded. We did not
have information on blood loss during the trial or on
treatment of anemia (eg, transfusion or use of erythropoi-
etin). Our analysis focused on baseline Hb, whereas Anand
et al36 have shown recently that change in Hb is also an
independent predictor of outcome in HF. We also did not
measure classic markers of causes of anemia (eg, measures
of iron status) or novel biomarkers.37
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CLINICAL PERSPECTIVE
We have shown that anemia was equally common in HF with preserved and reduced LVEF. Low Hb was more common
in female, black, and older patients and was associated with recent hospitalization for HF, edema, worse renal function,
diabetes, and low body mass index. Despite an inverse relationship with LVEF, low Hb concentration was associated with
an increased risk of death and hospitalization, including cardiovascular death and hospitalization for HF. The beneficial
effect of candesartan in reducing outcomes was independent of Hb. The causes of anemia in HF and the association
between anemia and adverse outcomes in HF are likely to be multiple and complex. Recently, it has been recognized that
anemia is common in HF with a low LVEF and in those patients is associated with an increased risk of death. We estimated
the prevalence of anemia in HF patients with both reduced and preserved LVEF, its association with other patient
characteristics and laboratory abnormalities, and both fatal and nonfatal outcomes. Anemia was as prevalent in patients
with preserved EF (27%) as in those with reduced EF (25%). In both types of HF, it was associated with an increased risk
of death and hospital admission for cardiovascular and noncardiovascular reasons. Female gender, diabetes, lower body
mass index, and black ethnicity were associated with lower Hb. Reduced renal function, hematologic markers of
bleeding/iron deficiency, higher white cell count, and reduced albumin also were associated with low Hb, suggesting that
renal dysfunction, undernutrition, and inflammation might be involved in causing anemia. Anemia is common in all types
of HF, is associated with increased risk of hospital admission and death from all causes, and is likely to be multifactorial
in origin. It remains to be determined how best to treat anemia in HF and whether its treatment will improve outcome.
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