The Prognostic Role of Anemia in Heart Failure Patients
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Anemia is frequently observed in heart failure (HF) patients. The aim of this prospective study was
to assess if it is an independent predictor of outcome or a marker of a worse clinical condition in
these patients. The study included 134 heart failure patients aged over 18 years. The patients were
divided into two groups, according to the presence or absence of anemia at hospital admission.
Anemia was defined as a hemoglobin concentration of less than 12 g/dl for women and less than
13 g/dl for men. The endpoints were: length of hospitalization, all cause-death during
hospitalization, and all-cause death and HF rehospitalizations at 1 year. Anemia occurred in 33%
of HF patients. The HF patients with anemia were significantly older, had more often ischemic
etiology of heart failure and atrial fibrillation, chronic kidney disease and 3 or more
comorbidities. The length of hospitalization was similar between the two groups. Deaths during
hospitalization occurred in 13% of anemic and in 3% of the nonanemic patients (P=0.04). During
the 1- year follow-up, 45% of the anemic vs. 28% of the nonanemic patients were rehospitalized
due to aggravated HF (P=0.04), and 14% of the anemic vs 20% of the nonanemic patients died
(P=0.38). Anemia was strongly predictive for in-hospital and 1- year all-cause deaths in
univariate analysis, but not in multivariate analysis. Anemia seems more a marker of a worse
clinical condition, rather than an independent risk factor in HF.
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Heart failure is a serious condition that requires medical care. Identification and prevention of the risk factors play
an important role for congestive heart disease. [1-3] Anemia is a common comorbidity found in heart failure and it is
associated with a worse prognosis. The mechanisms by which it influences the evolution of HF are not well known.
[4-9] There are encouraging iron treatment results that presents good outcome for HF, but so far there have been no
conclusive mortality data. [10-13] As such, there are still unclear aspects regarding the clinical implications of anemia
in heart failure. The present study aims to assess the prevalence of anemia in HF patients, to compare clinical
characters and the evolution of index hospitalization in patients with and without anemia. Also, the study wants to
determine the impact of anemia on major cardiovascular events in the short term and 1 year follow up in congestive
heart failure.

Experimental part
Material and methods

The study included 139 patients with heart failure, aged >18 years, and without any other exclusion criteria. The
hospital ethics committee approved the study. All the patients included signed informed consent to their participation
in the study.

Patients were divided into 2 groups, depending on the hemoglobin (Hb) plasma concentration at admission.
According to OMS criteria, anemia was defined as serum Hb <13 g / dL for men and <12 g / dL for women.

Anemic and non-anemic patients were compared on basal clinical characteristics, hospital treatment, evolution
during index hospitalization (duration of hospitalization, mortality) and up to 1 year (mortality of all causes and
hospitalization due to worsening of heart failure).

The statistical analysis was performed using the MedCalc statistical software version 12.3.0.0 program for
Windows. The categorical variables are presented as number and percent, and the continuous variables are presented
as mean and standard deviation (SD). The significance of the differences between the two groups was calculated by
the Fisher for the categorical variables and the Mann-Whitney U test for the continuous variables.

The predictive factors for events were identified with the Cox proportional risk regression model, the univariable
and multivariate logistic regression analysis. The multivariate analysis included all variables that had statistical
significance in univariate analysis. The rates of hospitalization and mortality were compared using the Kaplan Meyer
curves. For all tests, the value of p>0.05 was considered statistically significant. All tests were two tailed.
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Results and discussions

Figure 1 shows the enrollment scheme of patients in the study. The study group has 139 patients with heart failure,
with an average age of 69 years (+9 years). The median Hb plasma concentration at admission was 13.4 g/dL
(Interquartile interval: 12.0-14.5 g / dL). Anemia was present at admission in 46 of 139 patients with HF (33%).

139 patients admitted for heart failure

_| 5 patients with missing
data at 1 vear

Fig. 1. Flow chart of patient
enrollment in the current analysis

Y

134 patients included in 1-year

survival and rehospitalization
analysis

The clinical characteristics of anemic and non-anemic patients with heart failure are presented in tables 1 and 2.
Patients with anemia were significantly older, with lower body mass index (BMI), also with a higher prevalence of
ischemic etiology of heart failure, atrial fibrillation, chronic kidney disease, and more than three comorbidities.
Compared with the other group, the patients from group | had significantly higher anticoagulant and/or platelet
antiaggregant treatment (Table 1), had higher heart rates and lower systolic blood pressure, and infections which
caused decompensation of heart failure more frequently (Table 2).

As for laboratory data, patients in group | showed significantly lower levels of hemoglobin and glomerular
filtration rate, and higher creatinine and serum potassium values (Table 3).

The hemoglobin concentration between hospitalization and discharge were as follows: 20 (15%) increased by over
1g/dL, 20 (15%) decreased and 97 (70%) remained unchanged.

At discharge, anemic patients showed significantly higher heart rate and lower systolic blood pressure compared to
non-anemic (Table 4) and also higher serum creatinine and serum potassium, lower serum hemoglobin, glomerular
filtration rate and serum sodium.

Table 1
HISTORY AND MEDICAL TREATMENT OF PATIENTS WITH HEART FAILURE AT INDEX HOSPITALIZATION
Parameter Group I (anemia) Group IT Fvalue
n=46 (non-anemia)
n=03
Clinical data

Age (years) 181206 68192 <0.0001
Wlale gender 32 (69%%) 60 (B3%) (.89
Body Maszs Index (kg'm”) T2 4 180424 008
A previcus hospitalization due to HF 28 (a1%3) AT53T%) 0.7
Tdiopathic dilated cardiomyopathy 1 9%%) T4 (13%) 032
Tzchemic eficlogy of heart failure 29 (835%) 30T 0.02
Previous intervention of myocardial 170375 19 (3T5%) 048

revascularization (PCI or aortic coronary bypass)
Walvular eticlogy of heart failure T3 IT{13%) 0.62
-Aortic stencsis 2 (4% 3(3%) 073
-Aortic regurgitation PEESTY] T1%%) 049
-MMitral regurgitation (8% 6 (6%%) 1.0
Essential hypertension 33 (725 62 (B6%) 0.47
Atrial Fibrillation 23 (00%a) 30 (31%) 0.04
Peripheral obliterans arteniopathy T35 10755 023
Diabetes 19 (41%%) FETENEY] 024
Chronic kidney disease 15335 16 {17%%) 002
Chronie obstructive pulmonary dizease 12 3a%) 471595 034
History of stroke S(I1%) 10 (5%%) 070
3 or more non-cardiac comoerbidities EES] J74%) 0.03
Smoker 25 (4% 32030%) R
Medication prior to admission

Furczemide ITETR) 3063 0.64
Spironolzctone 19 (41%%) 40 43%) R
ACET 2T 09 FT61%) [
Angiotensin receptor blocker 3075 T [
Beta-blocker adrenergic 3375 67 [ 12%) 1.0
Statin 25 (4% 40733%) 091
Anficoagulant 23 (30%%) 30(317%) 0.04
Flatelet antiaggregant I 0I5 33 (33%) 0.03

Abbreviations: PCI, percutaneous coronary anzioplasty; ACEL angiotensine-converiing enzyme mhibitor
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Table 2
CLINICAL CONDITION AT HOSPITALIZATION OF PATIENTS WITH HEART FAILURE AT INDEX HOSPITALIZATION

Farameter Group 1 (anemia) Group 11 P
n=46 (non-anemia) value
n=93
Heart rate (beatzmin) 07.3+28 70+19 <0.0001
Systolic Blood pressure (mmHg) 120226 130 127 0.03
Acute pulmonary edema 379%3) 10 (11%) 0.2
Cardiogenic shock 12%%8) 2(2%%) 10
LVEF {7%) at admiszion 3T 2550 36 (23-30) (iX:4]
MTHA functional class TIT 22 [4855) ERNESETS) N
MNYHA functional class TV 18 (35%%) R TERES K]
Atmal fibrillation a= a cansze of HE 11 (2455 23 (23%%) oan
decompensation
Ventricular tachycardia 10255 20 1.0
Infaction as 2 canze of HE decompensation 23 (34%%) 33 (33%) 003
Acute coronary syndrome as a cause of HF L Y] 18 {1555 NS
decompensation

Abbreviations:: NTHA, New York Heart Association; HE, heart failure; LVEE, left ventricular ejection fraction

Table 3
LABORATORY DATA OF PATIENTS WITH HEART FAILURE AT INDEX HOSPITALIZATION
Parameter Group I (anemia) Group IT P value
n=46 (non-anemia)
n=23
Hemoglobin (g/dl) 104413 14006 <0.0001
Serum creatinine (mgz/dl) 15805 1.07 #0335 <0.0001
Glomerular filration rate (mlmm” 1.73m7) IR 310 70.7123 <0.0001
Plasma sodium (mEq T} 138%1 138+1 0.06
Potazsnm (mEq /1) 4603 40404 <0.0001
Table 4
TREATMENT AND EVOLUTION OF PATIENTS WITH HEART FAILURE DURING INDEX HOSPITALIZATION
Parameter Group I (anemia) Group IT Pvalue
n=44 (non-anemia)
n=93
Pharmacentical treatment
Inotropc v T (18%3) RS (0]
Diuretics v 35 (TT%) 38 (6% 0.7
MMitrate v BT 12{13%%) 032
Transfer for myocardial revascularization RN Y] 13 (18%) 0.6
(PCI or zortic coronary bypass)
Clinical condition at discharge
Cardiac Heart rate {beatz min) 21185 T8 <0.0001
Syetolic blood pressure (mmHg) 11512 125%13 0.001
MTHA functional class T 3T RG] E:3]
MTHA functional class TT 23 5345 61 (aa%z) 017
T HA finctional class TIT 17T 37T5) 24 26%3) 018
MNYHA functional class TV 1 2%3) 2(2%%5) 1.00
Hemoglobin (g/dl) 116406 1374086 <0.0001
Senun creatnine (mg/dl) 143404 1.14403 <0.0001
Flazma sodium (mEq ') 1385425 1381128 038
Potassium (mEq /) 44402 30104 <0.0001
The recommended treatment for
discharge
Furosemide 40 (BE%3) T8 (BL53) ]
Spironolactone 18 41%%) 40 {d3%3) E:3]
ACET 2T 59 ST al%E) E:3]
Anziotensin receptor blocker 3% 8 (9% 53
Beta-blocker adrensrgic 33 (71%) &7 (125 1.00
Statin 25 5345 40 53355 el
Anficoagulant 23 (530%%) 3037 0.04
Abbreviations: 1v, infravenous; PCL, percutaneous coronary angloplasty; WTHA, New York Heart Aszociation; HF, heart
failure; ACEI angictensin-converting enzyme inhibitor

The discharge treatment was similar between the two groups, with the exception that there were more patients who
received anticoagulation treatment in group | .
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Index hospitalization having a duration of more than 7 days was recorded in 60 patients (43%), 21 out of 46
anemic patients (46%) and 38 out of 93 non-anemic (41%) patients (Table 5). The relative risk of prolonged
hospitalization was 1.5 times higher for anemic patients, but the difference was not statistically significant. Predictive
factors of prolonged index hospitalization are shown in Table 6. Two predictive factors of prolonged hospitalization
were highlighted in univariate analysis (heart rate at hospitalization and infection), but none retained the value of
independent predictive factor in multivariate analysis.

Table 5
MORTALITY AND MORBIDITY OF PATIENTS WITH HEART FAILURE
Parameter Group I Group IT Fvaloe
{anemia) (non-anemia)
n=46 n=03
Index hospitalization
Duration of hospitalization over 7 days 2T (465%%) FE (415 057
Nortality in the hospital B (13%%) 3(3%) 0.04
Data to I vear Group I Group IT Pvalue
(anemia) (non-anemia)
n=44 n=00
To I year
Feadmissions 073575 PR 0.04
Deaths & (14%%) 19720%%) 038
Table 6

PREDICTIVE FACTORS OF PROLONGED HOSPITALIZATION AT UNIVARIATE AND MULTIVARIATE ANALYSIS

Parameter Univariate analysis Multivariate analysis
Kelative Kisk (CI) Fvalue Eelative risk Fvalue
HE. at admission 102 (1.0063-1.0580) 0.003 10T (0.9975-1.0372 L
Infection 234(1.160347145) 0.0T 14T (0.57TT-3.5012) 044

2.

Abbreviations: HE, heart rate; CI, confidence mterval

During index hospitalization 9 patients died (6%) : 6 (5%) were anemic and 3(2%) were non-anemic,as shown in
Table 5. The predictive factors of intra-hospital deaths are shown in Table 7. In the multivariate analysis, the
predictive factors of hospital death at initial hospitalization were: anemia, chronic Kidney disease, heart rate and
systolic blood pressure at admission, infection as a worsening factor for heart failure and hospitalization over 7 days.
In the multivariate analysis, heart rate at admission was the only independent predictive factor of death in the hospital
(P =0.001). The receiver operating characteristic curve (ROC) of this independent predictive factor is shown in Figure

Table 7
PREDICTIVE FACTORS OF IN- HOSPITAL DEATHS IN UNIVARIATE AND MULTIVARIATE ANALY SIS

Parameter Univariate analysis Multivariate analysis
Felative Kizsk (CT) F value Eelative risk Pvalue
Anemia 4 3 (1.0714-TE5004; 0.03 037 0.0506-6 1131 0.a3
CED 3 {1 3538-19.03504) 0.0% 3B (0.639-13 3003 I E!
HE. at admiszion 106 (1.0522-1.0923 =0.0001 1.04 (1.0104-1.084T) 0.001
Infzction 1.8 (04240 - 64345 =i.0001 0.5 (008533 4186) 03E
Index hospitalization 6.1 (1313534-30574T) 001 I T (0 I445-310335) n4n
over 7 days
Abbreviations: CED_ chrome lndney disease; HE heart rate; CI, confidence mterval
Table 8
PREDICTIVE FACTORS OF ALL-CAUSE DEATHS AT 1 YEAR IN UNIVARIATE AND
MULTIVARIATE-VARIABLE ANALYSIS
Parameter Univariate analysis Multivariate analysis
Eelative Kisk (CI) F value Eelative risk Fvalue
Anemia at index 0.3 (0.1393-0.9837) 0.03 0.5 (0.0065-Z 7300 044
admizzion
Hb value at index 146 (1.0075-21236) 0.04 1.1 {(0.6005-22830) 0.6z
discharge
Abbreviations: Hb, hemoglobin; CI, confidence mterval
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Fig. 2. Receiver Operating Characteristic
(ROC) curve for heart rate at index
admission as an independent predictive
factor for in-hospital death of patients with
heart failure (88% sensitivity, 89%
specificity, index J = 0.78)

60

50

Sensitivity

40

30

20

10 AUC = 0.918
o P < 0.001
1 1 1 1 1 1 1 [| [|

0 10 20 30 40 50 60 70 80 90 100

100-Specificity

1 year event data was available for 134 patients.

A total of 45 patients (34%) were readmitted, of which 20 were anemic and 25 were non-anemic (Table 6). The
Kaplan-Meyer curves for readmission to 1 year due to worsening of heart failure in anemic and non-anemic patients
are shown in Figure 3. The difference between the curves is statistically significant. No predictive risk factors of one-
year readdmision were identified.
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25 patients (19%) died in the 1-year follow-up period (6 were anemic and 19 non-anemic) (Table 5). The Kaplan-
Meyer curves of deaths to 1 year of patients with heart failure, with and without anemia, are shown in Figure 4. Tthe
difference between the curves is statistically significant (P = 0.02). Predictive factors of 1-year death at univariate
analysis were anemia at first admission and hemoglobin at first discharge, but none retained statistical significance for
multivariate analysis (Table 8).
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In various studies, the prevalence of anemia in patients with heart failure varies between 5 and 70%, depending on
the definition of anemia and patient selection [5,9]. In our study, the prevalence of anemia was 33%, similar to that
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observed in the Swedish Registry of Heart Failure [6-13]. Other randomized clinical trials, which recruited
significantly younger patients with IC, reported lower prevalence rates of 23-25% [14,15].

Severe anemia is an exclusion criterion in most randomized trials, making it difficult to assess the actual
prevalence of anemia.

There are several pathogenic mechanisms of anemia in heart failure [7,14,16-18].

Often, chronic kidney disease leads to anemia by reducing erythropoiesis [17].

In our study, patients with anemia (compared to those without anemia) were significantly older, with more
frequent ischemic etiology of heart failure, had more frequent atrial fibrillation, chronic kidney disease, 3 or more
associated co-morbidities, and anti-coagulant and/or anticoagulant treatment was more frequently followed. In
multivariate analysis, none of these factors proved to be an independent predictor of anemia in heart failure. In severe
heart failure, anemia may be secondary to iron deficiency due to malabsorption, nutritional deficiencies, or metabolic
disorders of iron due to subclinical inflammation associated with hematopoietic depression [7,8,14].

In addition, in decompensated heart failure, increased plasma volume and hemodilution may explain higher
prevalence of anemia. [7,8] In our study, anemic patients had a higher prevalence of chronic kidney disease and as
such significantly higher creatinine and serum potassium levels, and lower glomerular filtration rates. But the values
of natremia have been similar to both groups, which excludes anemia by hemodilution. An important cause for
decompensated heart failure was represented by the altered renal function. In the vast majority of cases, hyponatremia
and hyperkalemia are direct consequence of the diuretic medication. These complications were not being related to
the age of the patients [22].

A series of studies have shown that patients with heart failure and anemia receive less rarely on discharging
treatment according to current recommendations of the Guidelines for Heart Failure [16,19,21]. In our study, treatment
at discharge with adrenergic beta blockers, diuretics, anti-aldosterone or antagonists of the renin-angiotensin-
aldosterone system, did not show significant differences between patients with and without anemia. In contrast, the
anticoagulant medication was significantly higher in anemic patients who also had a higher prevalence of atrial
fibrillation. A meta-analysis including randomized trials revealed that there is a strong association between anemia
and major cardiovascular events in congestive heart disease [6]. However, it is not known precisely whether anemia is
an independent predictor of morbidity and mortality, or just a marker of a more severe clinical condition [14,16,20].
The results of this study suggest that although anemia was associated with a higher risk of death in hospital (RR = 4.5)
and death at 1 year (RR = 0.4), multivariate analysis was not an independent predictive factor for these events. As
such, it is rather a marker for an increased risk of poor outcome in patients with heart failure. Many factors associated
with anemia, such as older age, chronic kidney disease, the association of multiple comorbidities, are also predictors
of major cardiovascular events. In our study, the average age of patients with heart failure was 69 years, and in the
subgroup of patients anemic for 71 years. These data are close to those reported by the Swedish Heart Failure Registry
and EVEREST [13,16]. In contrast, in the randomized VAL-HEFT study and the IN-CHF registry, which included
younger anemic patients (66-year-old, 67-year-old), anemia was an independent predictor of mortality and morbidity
in heart failure [14,19]. Also in the Swedish Heart Failure Registry, the influence of anemia on mortality was much
higher in younger patients. [13] In other studies and registries, anemia in the elderly was not significantly associated
with the risk of death [9]. Similarly to our study, anemia was not an independent prognostic factor for mortality in
multivariate analysis, although univariate analysis had a relative risk of almost 4.5 for hospital deaths and nearly 0.4
for deaths per year. This shows that although anemia is not a direct cause of all-cause deaths in patients with heart
failure, its presence indicates a higher-risk category of patients requiring closer supervision.

Recent papers, that have studied intravenous iron treatment on patients with iron deficiency anemia and heart
failure showed an improvement in the quality of life, exercise tolerance and NYHA functional class [10,11].

In addition, the CONFIRM-HF study showed a significant reduction in readmissions due to worsening of heart
failure, with an insignificant reduction in mortality [12].

It should be noted, that iron treatment corrects not only anemia but also secondary muscular dysfunction due to
iron deficiency [1]. A meta-analysis of the effects of erythropoiesis-stimulating therapies (with darbepoetine or
erythropoietin) in patients with heart failure and mild to moderate anemia showed that these treatments reduced all-
cause deaths and readmissions [21].

Conclusions

These data seem to confirm that anemia is rather a marker of a poor clinical condition, including iron deficiency.
As such, correction of plasma hemoglobin does not appear to be an objective of heart failure treatment.

Author contributions TP, BB, IMC, CMT-conception and design of the study, statistical analysis and interpretation
of data, revising the manuscript for intellectual content, drafting the article; DAB - design of the manuscript, help in
drafting manuscript, interpretation of data. FC, MT- acquisition and interpretation of data. All authors read and
approved the final manuscript.

REV.CHIM.(Bucharest) ¢ 71 ¢ no.1 ¢ 2020 190 http://www.revistadechimie.ro



Study limitations: the study was conducted in a single heart failure center, there are no data on causes of anemia,
iron deficiency parameters and possible treatments.
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