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Abstract Anemia is a risk factor related to morbid-

ity and mortality in patients with chronic heart failure

(HF). Less is known about its influence in patients in an

early stage of HF. Our aim is to investigate the prognostic

role of anemia in patients initially hospitalized for acute

HF. We reviewed all consecutive patients admitted within

a 18-month period with a main diagnosis of acute HF. We

collected demographic, clinical and treatment data. Anemia

is defined as Hemoglobin\12/13 g/dL upon admission in

female/male patients, respectively. 719 patients were

included (55.5% female), with a mean age

of 78.7 ± 9 years. Anemia was present in 59.6% of pa-

tients upon admission, with a mean Hb of 10.4 ± 1.4 g/

dL. Multivariate analysis confirms the relationship

between the presence of anemia and older age, a previous

diagnostic history of diabetes, and the presence of chronic

kidney disease. In-hospital mortality is similar for anemic

and non-anemic patients (6.8 vs 3.8%, p = n.s.) However,

the difference is significant when one-year mortality is

evaluated (31% in anemic patients vs 19% in non-anemic

patients, p\ 0.001). Cox regression analysis confirms the

association between anemia and higher risk of one-year

mortality, as well as with older age and a higher Charlson

comorbidity index. Our study confirms that the presence of

anemia is an independent factor for mid-term (1-year)

mortality even in patients experiencing a first admission

due to acute HF.
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Introduction

Anemia is a very frequent condition. Its prevalence among

patients with heart failure (HF) has been found to range

between 7 and 50%, depending on the cut-off value used to

define its presence and on the HF population considered

[1].The presence of anemia has been found to confer a

significant impact on HF patient’s symptoms, quality of life

and overall prognosis [2, 3].

The etiology of anemia in HF is usually multifactorial,

and it is related to different mechanisms: iron deficiency

due to reduced intestinal absorption or cytokine-related

inflammatory changes, reduced erythropoietin production,

concomitant chronic diseases such as kidney failure, or

even hemodilution [4–6]. The prevalence of anemia and its

effect on prognosis appear to be similar in HF associated

with a reduced (HFrEF) and HF with a preserved (HFpEF)

ejection fraction, with comparable risks of mortality,

readmission, hospitalization rates and loss of functional

capacity [7, 8]. Less is known, however, regarding the

prognostic impact of anemia inpatients in the early stages

of HF, namely those who have just experienced the first

episode of acute decompensated HF leading to a first HF-
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related hospital admission [9, 10]. Our study aims at further

investigating the putative role of anemia in the prognosis of

these patients, focusing on its influence on 1-year mortality

after this index admission as the main outcome.

Materials and methods

This retrospective study was performed at Bellvitge

University Hospital, a 750-bed tertiary-care public hospital

from Barcelona (Spain). We retrieved administrative data

regarding all admissions to our hospital within a 18 month-

period (July 2013–Dec 2014) with HF as primary discharge

diagnosis, as identified by the ICD 9-CM codes 398.91,

402.91, 404.01, 404.03, 404.91, 404.93, 428.0, 428.1,

428.20, 428.21, 428.22, 428.23, 428.30, 428.31, 428.32,

428.33, 428.40, 428.41, 428.42, 428.43 and 428.9. Fol-

lowing this first selection, we reviewed all medical records

of these patients to select only those who: (a) truly fulfilled

clinical criteria for acute HF and (b) were experiencing the

first ever admission due to a first episode of acute HF,

excluding all those who had been discharged with a pri-

mary or secondary diagnosis of HF prior to the index

admission. We also excluded from the analysis those

patients younger than 50 years of age, patients in stage V

chronic kidney disease (CKD) undergoing kidney

replacement therapies, patients who had received a kidney

or heart transplant, and patients who had been subject to

prior blood transfusions with palliative intention. We also

excluded those patients whose acute HF was secondary to

an acute coronary syndrome, and those who had been

discharged directly home within 24 h or transferred to

other acute care hospitals from the Emergency Department

(Fig. 1). All doubts regarding inclusion in the study were

discussed within an investigators’ revision panel. The

ethics committee of the Bellvitge University Hospital

approved the overall protocol [PR2016/16].

HF presence was clinically ascertained according to the

fulfilling of the Framingham criteria [11]. When echocar-

diographic data were available, we recorded EF values and

coded HF as HFpEF type when the EF value was C50%.

Collected data included demographic data (age, gender and

place of residence), past medical history, and all clinical

data related to HF signs and symptoms recorded at the time

of admission. A basic blood chemistry panel was obtained,

including kidney function (plasma creatinine values plus

the estimated glomerular filtration rate calculated accord-

ing to the abbreviated Modification of Diet in Renal Dis-

ease (MDRD) equation [12]), ionic, lipid and glycemic

profiles were performed. The admission plasma concen-

tration of NT-proBNP was not available in most patients,

and for this reason, was excluded from the data collection

procedures; that was also the case for iron metabolism

markers, cobalamin and folate. A complete blood cell

count was also obtained in all patients. Anemia was defined

according to the World Health Organization (WHO) cri-

teria (hemoglobin (Hb)\13 g/dL for males; Hb\12 g/dL

for females); we categorized it as mild (Hb[ 10 g/L),

moderate (Hb 8–10 g/L) or severe (Hb\8 g/L) [13]. The

Charlson Index (ChI) score was used to measure comor-

bidity [14]; this score ranges from 0 (no comorbidities) to a

theoretical maximum of 33, depending on the presence of

certain diseases with assigned values—HF is one of the

components of the ChI, and since it was the main diagnosis

for all patients, its assigned value was not incorporated in

the calculation. Finally, we recorded the patients’ length of

stay, their destinations at discharge and the HF-related

medications prescribed upon discharge.

Fig. 1 Flow chart of inclusion and exclusion process after clinical revision of HF diagnostic codes on first admission
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Follow-up

One-year mortality, measured as time-to-event data after

the index admission discharge, is the main outcome of this

study; 30-day mortality is a secondary outcome. Subjects

were categorized as alive after 30 days and 12 months of

follow-up, or censored when they died, whichever occurred

first. Mortality status was determined by trained physician

adjudicators on the basis of medical records from hospi-

talizations, emergency department visits, death certificates,

and autopsy and coroner’s reports, when available. No

patients were lost to follow-up.

Statistical analysis

Normally distributed continuous variables are reported as

mean ± standard deviation (SD) and categorical variables

are reported as proportions. The Student’s t test was used to

compare continuous variables, with a previous Levene test

for equality of variances, while either the Chi square

statistic or Fisher’s exact test was used to compare cate-

gorical or dichotomous variables.

We performed logistic regression analysis to determine,

at the multivariate level, the baseline factors associated

with the presence of anemia at the time of admission. This

procedure was used to estimate the unadjusted and adjusted

odds ratio (OR) with 95% confidence intervals (CI 95%).

Variables used in this logistic regression were those asso-

ciated in the bivariate analysis. The final adjusted model

was obtained using the backward stepwise method. We

used the Cox regression model to evaluate the relationship

(estimated as hazard ratios, HR) between the presence of

anemia and all-cause mortality over time. Covariates used

for adjustment of baseline variables were also evaluated in

a stepwise Cox multivariable regression analysis, incor-

porating all of them with p\ 0.05 in the univariate anal-

ysis. Finally, Kaplan–Meier survival curves and the log-

rank test as a function of patients’ anemia category were

calculated from baseline to time of censoring.

These analyses were completed with the Statistical

Package for Social Sciences (SPSS) program (version 21.0,

SPSS Inc., Chicago, IL, USA). Tests were 2-sided and

p values\0.05 were considered statistically significant.

Results

A total of 719 patients were included in the study: mean

age was 78.7 ± 9 years and 399 (55.5%) of them were

female. Their mean ChI value (HF excluded) was 2.3 ± 1.

Echocardiography was available during the index admis-

sion roughly in 50% of our patients (350); 210 of them

(60%) were of the HFpEF type.

Anemia was present in 429 (59.6%) patients, 196 male

(45.7%) and 233 female (54.3%). 133 anemic HF patients

(31%) were already diagnosed with anemia before the

index admission. Anemia was mostly normocytic (mean

MCV 89. 9 ± 8.4 fL) and normochromic (mean MCH

29.1 ± 3.3 pg/mL). The mean Hb value of the anemic

patients was 10.4 ± 1.4 g/dL; of them, 493 (68.5%) pre-

sented with mild anemia, whereas 111 (25.9%) had mod-

erate and 24 (5.6%) severe anemia.

Baseline differences between anemic and non anemic

patients are reported in Table 1: anemic patients are older,

with a higher prevalence of diabetes, CKD, aortic stenosis and

a prior diagnosis of anemia; the mean ChI score is also higher

in this group. For those with echo data available, a significant

relationship is found between anemia and the presence of

HFpEF. The multivariate analysis confirms a significant and

independent relationship between the presence of anemia and

older age (OR 1.018 CI 95% 1.001–1.035) plus a prior diag-

nosis of diabetes (OR 1.556 CI 95% 1.110–2.181), and CKD

(OR 2.364 CI 95% 1.587–3.521), with HFpEF losing the

association at this level of the analysis.

Length of stay Hospital admission is longer for anemic

patients (8.3 vs 7.5 days, Table 1), but compared to non-

anemic patients the difference in length of stay does not

reach statistical significance.

Mortality During the index admission, mortality is

similar among anemic and non-anemic patients (6.8 vs

3.8%, p = 0.089) (Table 2). However, 30-day mortality is

significantly higher in the group of anemic patients (11.9 vs

5.5%, p = 0.004). Regarding our main outcome data,

mortality is also higher among anemic patients at one year

of follow-up (31 vs 19%, p\ 0.001). Figure 2 shows the

cumulative risk of mortality during the year of follow-up

for both categories of patients.

Table 3 shows thebaseline anddischarge data related to the

patients’ vital status one year after discharge. Multivariate

analysis confirms that the presence of anemia at the time of

index admission is actually associated with a higher risk of

one-year mortality (HR 1.778 CI 95% 1.178–2.685). Other

factors independently associated with this risk are older age

(HR 1063 CI 95% 1040–1086), a higher comorbidity mea-

sured by the ChI (HR 1110 CI 95% 1014–1216), and a pre-

vious diagnosis of dementia (HR 1970 CI 95% 1178–3087).

Interestingly, the diagnosis of aortic stenosis is a protective

factor for mortality, conferring a significant reduced risk of

death when present (HR 0.365 CI 95% 0.160–0.830).

Discussion

Our study shows that anemia is not only a common finding

among patients experiencing a first admission for acute HF,

but also that its presence is an independent marker of
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mortality risk in this group of patients. The prevalence of

anemia in similar HF populations reaches similar figures: a

previous study of our group, based on a smaller number of

patients but also selected when experiencing their first

hospitalization for acute HF, shows a prevalence of anemia

of 43% [10]. A recent Spanish study on a population of

stable chronic HF patients (referred to an outpatient HF

unit) reports a prevalence of ‘‘any kind of anemia’’ of

59.4% [15]. These prevalences are, however, lower than

those found in other studies on patients with acute HF,

ranging between 50% in OPTIMIZE-HF and ADHERE

registry [16, 17] and 70% [18]; however, these studies

include not only first admissions, but also patients with

chronic HF and a history of repeated episodes of decom-

pensation, for whom this higher prevalence of anemia is

probably a marker of more advanced disease.

Table 1 Baseline

characteristics of anemic and

non-anemic patients firstly

admitted due to acute HF

Anemia No anemia P value

n = 429 (59.66%) n = 290 (40.33%)

Age (years, mean ± ds) 79.6 ± 8.9 77.5 ± 10.6 0.006

Sex (female) (number/%) 233 (54.3%) 166 (57.2%) 0.438

History of, n (%)

Coronary artery disease 107 (24.9%) 65 (22.4%) 0.436

Diabetes mellitus 179 (41.7%) 92 (31.7%) 0.007

Hypertension 364 (84.8%) 237 (81.7%) 0.267

COPD 83 (19.3%) 61 (21%) 0.579

CKD 139 (32.4%) 44 (15.2%) \0.001

Atrial fibrillation 158 (36.8%) 99 (34.1%) 0.460

Aortic stenosis 49 (11.4%) 14 (4.8%) 0.002

Stroke 66 (15.4%) 44 (15.2%) 0.938

Dementia 35 (8.2%) 20 (6.9%) 0.532

Known anemia 133 (31%) 17(5.9%) \0.001

Charlson index (mean ± ds) 2.55 ± 1.7 1.90 ± 1.6 \0.001

Laboratory tests (mean ± ds)

Hemogwlobin (g/dL) 10.4 ± 1.4 13.68 ± 1.2 \0.001

Hematocrit (%) 32.4 ± 4.0 41.5 ± 3.7 \0.001

MCV (fL) 89. 9 ± 8.4 92.5 ± 7.4 \0.001

MCH (pg/mL) 29.1 ± 3.3 30.6 ± 2.5 \0.001

RDW, % 16.3 ± 6.8 15.0 ± 2.6 0.003

Platelets (109/L) 240.4 ± 101.2 217.9 ± 818.3 0.001

Creatinine (lmol/L) 125.6 ± 76.0 96.9 ± 41.5 \0.001

Urea (mmol/L) 11.0 ± 6.1 9.7 ± 9.1 0.022

eGFR (mL/min) 57.4 ± 30.0 67.7 ± 24.4 \0.001

eGFR\60 (mL/min) 255 (59.4%) 114 (39.3%) \0.001

EF %, (mean ± ds) (n = 350) 52.4 ± 13.6 45.8 ± 15.5 \0.001

HFpEF, n(%) (n = 350) 146 (67.9%) 64 (47.4%) \0.001

Length of stay 8.32 ± 10.6 7.52 ± 6.2 0.204

Chronic therapies, n 8.9 ± 3.7 7.6 ± 3.5 \0.001

COPD chronic obstructive pulmonary disease, CKD chronic kidney disease, MCV mean corpuscular

volume,MCH mean corpuscular hemoglobin, RDW red-cell distribution width, eGFR estimated glomerular

filtration rate, EF ejection fraction, HFpEF heart failure with preserved ejection fraction

Table 2 One-year mortality

and readmission follow-up rates

after a first admission due to

acute HF

All patients Anemic Non anemic P value

In hospital mortality 40 (5.6%) 29 (6.8%) 11 (3.8%) 0.089

All cause mortality

• 30 days 67 (9.3%) 51 (11.9%) 16 (5.5%) 0.004

• 1 year 188 (26.1%) 133 (31%) 55 (19%) \0.001
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Anemia is easy to diagnose, and in some cases amenable

to some kind of therapy: data from recent trials (FAIR-HF

and CONFIRM-HF) [19, 20] prove the benefits of treating

not only iron-deficiency anemia, but also iron deficiency

alone in patients with chronic systolic HF. Furthermore, the

new European Society of Cardiology guidelines stress the

need to screen and treat for those conditions in such

patients [21, 22]. Less is known regarding beneficial ther-

apies for chronic disease-related anemia. Some trials have

shown a lack of benefit in patients with HF and CKD-

related anemia treated with erythropoietin, patients with

HFpEF or patients with acute HF [23–25].

Our anemic HF patients are older and with more

comorbid conditions; similar characteristics have been

described in a recent metaanalysis [26]. A remarkable

finding is that only one-third of our patients presenting with

anemia upon admission have a mention of that diagnosis in

their medical history. Although this might be related in

some cases to a component of hemodilution, it also likely

reflects the fact that mild anemia (Hb between 11 and 13 g/

dL) is not always identified as such in medical records.

Regarding EF status, we find that HFpEF (and also

higher EF values, when EF is analysed as a continuous

variable) is more common in the presence of anemia, but

this relationship loses statistical significance in the multi-

variable analysis. This lack of EF-specific association with

a higher prevalence of anemia is also present in recent

studies [18, 26].

The significant relationship between coexisting anemia

and diabetes found in our study has also been described

previously [27]. Most likely the coexistence of anemia and

diabetes reflects the fact that the later plays the role of

‘‘chronic disease’’ leading to anemia. A previous study that

categorizes the types of anemia in HF patients actually

confirms that this association is significant only in patients

Fig. 2 Kaplan–Meier curve of survival in patients with and without

anemia on a first admission due to acute HF

Table 3 Clinical differences

between patients dead and alive

after one-year of follow-up after

a first hospitalization for acute

HF

Mortality P

Yes No

n = 188 (26.1%) n = 531 (73.9%)

Age (years mean ± ds) 82.53 ± 9.670 77.44 ± 9.334 \0.001

Sex, (male/female) (number/%) 79/109 (42/58%) 241/290 (45/55%) 0.425

History of, n (%)

Coronary artery disease 49 (26.1%) 123 (23.2%) 0.423

Diabetes mellitus 60 (31.9%) 211 (39.7%) 0.057

Dyslipidemia 98 (54.8%) 295 (55.6%) 0.417

Hypertension 150 (79.8%) 451 (84.9%) 0.102

Atrial fibrillation 63 (33.5%) 194 (36.5%) 0.457

Aortic stenosis 9 (4.8%) 54 (10.2%) 0.025

COPD 35 (18.6%) 109 (20.5%) 0.574

CKD 58 (30.9%) 125 (23.5%) 0.048

Dementia 24 (12.8%) 31 (5.8%) 0.002

Charlson index (mean ± ds) 2.65 ± 1.9 2.16 ± 1.64 0.001

Anemia on admission 133 (70.7%) 296 (55.7) \0.001

Hemoglobin (g/dL) (mean ± ds) 11.13 ± 2.05 11.96 ± 2.03 \0.001

Creatinine (lmol/L) (mean ± ds) 124.31 ± 69.08 110.37 ± 64.35 0.013

HFpEF 36 (52.2%) 174 (61.9%) 0.139

Chronic therapies, n 8.48 ± 3.63 8.32 ± 3.68 0.594

COPD chronic obstructive pulmonary disease, CKD chronic kidney disease, EF ejection fraction, HFpEF

heart failure with preserved ejection fraction
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whose anemia is classified as ‘‘chronic disease-related’’

[28].

Length of stay (LOS) in our study is longer for anemic

patients, but does not reach a significant difference. In this

line, the study by Caughey [18] describes a comparable

LOS, with even longer stays in anemic patients with sys-

tolic heart failure (8.9 vs 7.5 days, p\ 0.0001).

In-hospital mortality is higher for anemic patients, but

the difference is not significantly different to that experi-

enced by non-anemic patients. The overall in-hospital

mortality of our cohort is 5.6%, which is between the 4.3%

described among Medicare-patients [29] and the 6.4% of

the population admitted for HF for the first time analysed

by Tuppin et al. [30]. One-year mortality in our acute HF

patients overall is 26.1%, with a significantly higher mor-

tality rate in anemic patients (31%). The study by Tuppin

et al. [30], also restricted to patients with HF experiencing

a first hospitalization, reports a similar one-year mortality

rate (29%), even though their study includes patients

aged\50 years. The one-year mortality rate in anemic

patients is higher than ours in the Caughey’s study (36% in

HFpEF and 43% in HFrEF), but as already mentioned, this

study includes all patients with acute HF, not restricted to

those experiencing a first admission, and, therefore, likely

to be in more advanced stages of the disease. From our data

an association between the presence of anemia and a higher

risk of one-year mortality in this group of patients with

acute HF can be identified; this was neither the case in our

previous study involving a smaller sample of acute HF

patients admitted to the same hospital [10], nor in the other

study focusing on new onset HF cases [9]. In patients with

acute decompensated HF, this association has been sug-

gested by Caughey et al., and also in Berry’s meta-analysis,

both for HFpEF and HFrEF patients.

We also find that older age, comorbidity (measured by

the ChI and history of dementia) are related to higher

mortality. However, CKD, a well-known predictor of

mortality, loses significance after the multivariate analysis.

The protective role of aortic stenosis might seem counter-

intuitive, but further evaluation of our patients shows that

about 50% of these patients underwent early valve repair

surgery after diagnosis, thus eliminating the cause for their

HF.

Our study has some limitations that have to be men-

tioned. It is a retrospective analysis and the information

were taken from electronic medical records; full data about

anemia evaluation and treatment (before or after the index

hospitalization) was not completely available; data on NT-

proBNP or anemia-related blood chemistry values was also

scarce and echo data was restricted to half of the overall

patients. On the other hand, this study is based on a size-

able number of comparable patients, carefully selected as

presenting with their first-time ever clinical episode of

acute HF (confirmed by a thorough medical record review),

without missing cases in the year of follow-up.

Conclusions

Anemia is detected in more than half of patients hospital-

ized for the first time with acute HF. Furthermore, our

study seems to confirm that the presence of anemia is a

prognostic factor for 30-day and one-year mortality after

discharge in such patients experiencing a first admission

due to acute HF. The etiology of anemia in HF is usually

multifactorial and related to different mechanisms; there-

fore, we suggest that anemia should be identified, correctly

diagnosed and considered when possible a therapeutic

target in all patients with acute HF.
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