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Background: Anemia Is common in patients with chronic heart failure (CHF) and Is associated with a
worse prognosis. This study atms to identify the biologicat mechanisms which reflect evolutionary changes
in the hemoglobin concentrations in keart fajlure patients who are still not anaemic.

Methods: Fifty-nine patients (54-t 14 years, B3% males) with CHF (EVEF 28+ 10%), who did not have ane-
mia, and had not received any previous transfusions, were included, The patameters studied were: iron metab-
olism (feryitin, iron, transferrin, soluble transferrin receptor {STER), hepcidin); inflammation {C-reactive protein,
soluble TNFex receptor I (STNFRI), interlenkin 6); and myacardial stress (NT-proBNP, high sensitivity TnT, growth
differentiation factor 15). All parameters were measured on inclusion and 1 year after inciusion,

Results: Baseline hemoglobin (g/dL) was 14.7 4 1.5 and at 1 year of follow-up it showed a significant de-
crease of —0.4 (RIC: — 0.7 to —0.06) (p=0.02), At baseline, only the STNFRE was a predictor of a decrease in he-

moglobin 1 year later (p=0.007). During follow-up, the increase in sTNFRI {p=0002, r=—0.39) and hepcidin
{p=0.006, r= —0.33) were both assaciated with a decrease in hemoglobin. Simitarly, the patients who became
anemtic (13%) had higher levels of hepcidin (p=0.001) and STNFRI (p=0.008), The remaining parameters did
not show any relationship with the evolution int the hemoglobin,

Conclusions: In CHF patients without ariemia, the increase in the inflammatosy state (STNFRI) and the fal-
lowing deterioration in the iron metabolism (hepcidin) were the main determinants of a deceease in hemoglo-
bin and the appearance of anemma in the lang term follow-up period.

© 2012 The Canadian Society of Clinical Chemists, Published by Elsevier Inc, Alf rights reserved.

Introduction

Chronic leart failure (CHF) is a cardiovascular disease with a high
rate of mortality, Anemia is a common comorbility, with a prevalence
of between 15 and 70% depending on the definition and the popula-
tion under investigation [1,2). In patients with CHF, either the appear-
ance of anemia and/or a decrease in hemoglobin concentration (Hb)
during follow-up are associated with a higher rate of morbidity and
mortality and worse prognosis [3], However, the physiopathology of
anemia in these patients is still not very well defined and is consid-
ered to be a complex and multifactorial process that could include;
the reduction in intestinal iron absorption; an increase in inflamma-
tory cytokines which canses bone marrow depression; the activation

Abbreviations: STNFRI, sofuble TNFo receptor I; CHF, chronic bieart failure; NT proBNP,
N-terminat fragment of B-type natsiuretic peptide; Hs TnT. high sensitivity troponin T;
GOF15, growth differentiation Factor 15; CRP, C-reactive profein; W8, interleukin-6; sTIR,
soluble transferrin receptor,

* Corresponding authes at; Clinical Analysis Depattment, Virgen de Ja Anixaca University
Rospital, Ctra. Madrid-Cartagena, E| Palmar, Murda, Spain. Fax: +34 968369431,
E-mail address: anami82@gmail.com (A. Martinez-Ruiz).

of the renin-angiotensin-aldosterone system which causes water
and sodium retention, leading to dilutional anemia; and the kidney
failure that comes with a reduction in erythropoietin {EPO) produc-
tion [4,5].

Recently, several clinical trials have been set up to assess the ben-
eflt of correcting anemia through the use of jron and erythropaietin,
given the poor prognosis associated with anemiz in these patients
{2,6]. By now, only iron treatment seems to be associated with an im-
provement in symptorms although an effect on prognosis has yet to be
observed [7f, However, the preventive strategies aimed at avoiding
the onset of anemia might have a greater value than therapeutic
strategies designed to treat the presence of anemia, Thus, under-
standing the mechanisms which are most closely linked to the de
nove appearance of anemia would be a fundamental step for enabling
its prevention.

The objective of this study was to evaluate the biological mecha-
nisms which best reflect evolutionary changes in hemoglobin concen-
tration in CHF patients and who have not yet developed anemia. To
this end, the biochemical parameters of iron metabolism, inflarnma-
tion and myocardial stress were studied.

0009-9120/3 - see front matter © 2012 The Canadian Society of Clinical Chemists. Publishied by Elsevier fac. All rights reserved,
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Methods
Population and study design

A prospective study was designed which included 59 ambulatory
patients (54+ 14 years, 83% males) with an established diagnosis of
CHF [8]. The following inclusion criteria were used for the study popu-
lation; ambulatory patients with a stable clinical condition and NYHA
H functional class (New York Heart Association); no hospitalizations in
the previous G menths; optimal medical treatment without having re-
ceived anticoagulants or antiplatelets; no current or previous anemia
(defined according to the World Health Organization Criteria (WHO):
hemoglobin <13 g/dL in males and <12 g/dL in females) [9}; no previ-
ous blood transfusions; no advanced renal insufficiency {stage 4 or 5);
no previous or current iron supplements. All patients were receiving
an optimized therapy, according with contemporary guidelines, which
included hetablockers (100%), angiotensin inhibitors (100%), loop di-
uretics (100%), digoxine (55%) and aldosterone antagonists (52%), All
patients had left ventricular systolic dysfunction (feft ventricular ejec-
tion fraction 28 - 10%) and the established etiologies were: idiopathic
dilated cardiomyopathy (52%), hypertension (33%), hypertrophic myo-
cardiopathy (15%).

Blood samples were obtained on inclusion and at the end of the 12-
month follow-up, in accordance with the follow-up protocol of the Na-
tional Network on Heart Failure Research (‘REDINSCOR'": Grant RDOG/
0003/0013, Instituto de Salud Carlos HI, Ministry of Health, Madrid,
Spain}). The sample collection protocol was approved by the local ethics
committee and written informed consent was obtained from each pa-
tient, Moreover, at inclusion time, clinical variables were registered
and an echocardiogram was carried out on ali the patients,

Laboratory

For sample collection, a venous extraction was carried out on all
patients first thing in the morning, after a fasting period of more
than 8 h. The samples were collected in EDTA anticoagulant tubes
and did not contain any additives, After heing spun at a speed of
3500 rpm for 10 min, both plasma and serum were extracted, respec-
tively. The samples were frozen at — 80 °C for subsequent processing.
The hematological and biochemical parameters were determined at
study inclusion and after 1 year of monitoring,

The following laboratory parameters were determined: (1) myocardi-
al stress: N-terminal fragment of B-type natriuretic peptide (NT proBNP),
high sensitivity troponin T (Hs TnT) and growth differentiation factor 15
(GDF15); (2) inflamrnation: C-reactive protein {CRP), soluble TNFx re-
ceptor | (STNFRI} and interfeukin-6 {IL6); (3) iron metabolisn: ferritin,
iron, transfecrin, soluble transferrin receptor (SFR) and hepcidin. Kidney
function was determined from the estimated glomerular Bltration rate
(GFR mL/min/1,73 m?) using the abbreviated MDRD formula [10].
GDF15 and TNERI were determined using enzyme immunoassay
(BioVendor, Brno, Czech Republic) and hepcidin was determined
using another kind of enzyme Immunoassay (Bachem, United Kingdom).
The remaining biochemical determinations were calculated using a Cobas
6000 analyzer (Roche Diagnostics, Manheim, Germany). The hematolog-
ical parameters were also studied (hemoglobin, red cell distribution
width and mean corpuscular volume) using the Sysmex 5000 analyzer
(Roche Diagnostics, Manheim, Germany). Absolute iron deficiency was
defined as ferritin <30 pg/dL, whereas functional iron deficiency was de-
fined as ferritin <100 pg/dL or 100-300 pg/di. with a transferrin satura-
tion rate <20%.

Statistical analysis
The normal distribution of the variables was confirmed using the

Kolmogorov-Smirnov test. In order to carry out the descriptive anal-
ysis of the population, both the mean and standard deviation were

used for normally distributed variables, whereas both the median
and the interquartite range (IQR) were used for those with a non-
norinal distribution. Parametric tests were applied to the variables
with a normal distribution, and non parametric tests to the rest. For
the analysis of correlations between the variables, Pearson's and
Sperman's coefficient were obtained, respectively. To study the
changes at baseline and at 1 year, Student's paired sample t-test
and Wilcoxon's non-parametric test were used, respectively. We
evaluated which factors were independently associated with the
change on hemoglobin level at 1 year, by entering the significant cor-
relates in a multiple linear regression analysis. In order to compare
the patients with and without anemia the Kruskal-Wallis H-test
was applied. Results with two-sided p<0.05 values, were considered
to be significant. The statistical analysis was carried out using SP5S
v18.0 statistical software (Chicago, IHinois, USA).

Results

A total of 59 patients (54 +14 years, 83% male) with CHF (left ven-
tricular ejection fraction of 28 4 10%) were studied vsing the aforemen-
tioned inclusion criteria, The hemoglobin concentrations were 14.7 -+
1.5 g/dL at inclusion, and at the end of 1-year of follow-up they had de-
creased to 14.3 4 1.5 g/dL, which meant a significant median reduction
of —0.4 g/dL (interguartile range: —0.70 to —0.08) (p=0.02), During
the follow-up period, 8 out of the 59 patients (13%) developed anemia
according to the WHO criteria. The concentrations of biological param-
eters at inclusion and the corresponding ¢hange on concentrations at
1 year are described in Table 1.

Biologicel parameters and hemoglobin concentration at inclusion

Taking into account only values at inclusion, no corretation was
observed between hemoglobin concentrations and the measured bio-
logical parameters. We only observed that hemoglobin concentration
was lower in the presence of functional iron deficiency (i =27, 46%)
(15.1+£1.7 vs, 143 L 1.1, p<0.001), but not in the presence of abso-
lute iron deficiency, which only occurred in a few patients {n =6,
10%, p=0.783).

We studied the interrelationship between parameters of inftani-
mation, myocardial stress and iron metabolism at inclusion. We
found that sTNFRI levels correlated positively with the Ievels of NT
proBNP (p = 0.013,r=0.32), GDF15 (p=0.047, r=0.26), and ferritin
(p=0.026, r=0. 026), whereas hepcidin levels correlated positively

Table 1

Correlations between biofegical parameters and hemoglobin concentrations,
Variable Baseline A 12 months
Hemoglobin (g/dL} 147 [13.9-155] —04 [—1.3 ta (.5]
CRP (mg/dL) 0.2 [0.1-0.41 +00-0.2]
STNFRI (ng/mL) 16 [t1-238™ +0.4 [—02 to 0.9]**
HG (pg/mi.) 3.2 |2.2-5.6] +02{-081t019]
Fe {meg/dl) 91173-105| +5[—19 to 33}
Ferritin {ng/dL) 132{74-212] 25 [—48 to 114]
Transfersin {fg/dL} 259 1208-304] +6 |—46 1o 56]
Transferrin saturation (%) 26.6 §22-32 =10 |—17.2 to §]
STER [mg/dL) 0.3§0.2-04] +0{—0ta0]
Hepcidin (ng/mL) 14.7 §3.5-63] +7 [ 15 to 204)%*

GDF{5 {pg/mL)

NT proBNP (pganl)
Hs TnT {ng/mL)

GFR {mL/min/t.73 m?)

3391§1634-4715]
587 {127-1313]
0.01[0-003]
64.3 |51-78}

+255 | — 1254 to 1377
—40 [~ 294 to 48]
+0[~0to 0]
+12{1.3-22]

*p<0,05, **p<0.0] indicates correfations between studied paramesers at baseline and
hemoglebin change (A). *p<0.05, **p<0.01 indicates correlations hetween changes
on studied parameters and hemoglobin change (A).

Data are expressed as median {interquartile range percentile25-percentile75].
C-reactive protein (CRP); soluble TNFex receptor 1 (STNFRD); interleukin-6 (HS); soluble
transferria receptor (STER); N-terminal fiagment of B-eype natriuretic peptide (NT proBNP);
high sensitivity troponin T (Hs ToT); growth differentiation factor 15 {GDF15).
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with ferritin (p=0.001, r=041) and negatively with iron levels
{p="0. 039, r= —0.270). No other correlations were found between
the studied biological parameters.

Biological parameters and hemoglobin evolution at 1 year

Taking into consideration the initfal values, as indicated in Table 1, we
found that the inflammatory parameters STNFR] (p==0.002,r=—0.390)
and CRP (p=0.025,r= —0.376) were the only ones that correlated with
the change of hemoglobin at 1 year.

I addition, when changes on these parameters were considered,
the increase in STNFRI concentrations {(p=10.002, r=--0.39, Fig. 1)
and the increase in hepcidin (p=0.006, r=—035, Fig. 2) were the
only ones that correlate with the decrease in hemoglobin Jevels dur-

ing the year of follow-up. No other correlations were found (Table 1),

In the multiple linear regression analysis, a higher concentration
of STNFRI at baseline (p=0.007, p= —0.314) and an increase on
hepcidin levels over time (p=0.013, p=-—10.325) were both inde-
pendently associated with a decrease on hemoglobin concentration
at 1-year of follow-up,

We studied the interrefationship between the changes on these pa-
rameters during the year of follow-up. The increase on STNFRI correlate
ed with the increase on GDF15 (p=0.006, e 0.35) but did not
correlate with parameters of iron metabolism. Hepcidin levels correlat-
ed with ferritin levels (p= 0.005, r=0.360), just as at baseline, Mean-
while, transferrin levels and sTR correlated positively with both CRP
(p=0.007, r=034 and p=0006, r=035, tespectively) and 115
{(p=10.005, r=036 and p=0,003 r=0.37, respectively). With respect
to the change on transferrin saturation (%), it showed a negative corre-
lation with the NI proBNP change (p=0. 026, r= — 0.29).

On comparing anemic (n =8) and non-anesmic patients {n=51},
it was seen that the appearance of anemia was accompanied by an in-
crease in the inflammatory state shown by the increase in the STNFRI
and hepcidin levels, together with an Increase in ferritin and GDF15
levels (Table 2).

Discussion

CHF is assaciated with a progressive decline in hemoglobin levels, It
was also confirmed in our study, after 1 year of follow-up and evaluat-
ing a population without prior anemia, which reflects an early stage in
the biological processes leading to the development of anemia.

A Hemoglobin

[P=0.002, r=-0.39

2 0 2 4 8
A sTNFR}

A

Fig. 1. Correlation of the change in hemoglabin with sTNFRI ( p=0.002, r=—0,39).
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Fig. 2. Correlation of the change in hemoglobin with hepcidin (p=0.006, r== --0.35).

Regarding the baseline parameters that best reflect the decrease in
hemoglobin Jevels, our study suggests that inflammation plays a cru-
cial role and sTNFRI is the biological parameter that best reflect it.
Nowadays, the exact eticlogy of anemia in CHF is not known, and
there are many proposed causes such as hemadilution, malnutrition
related to cachexia, kidney failure or antiplatelet and anticoagulant
treatment [11]. In the present study, in spite of patients included
were stables, with a slight functional deterioration (NYHA class 1D,
having conserved body mass index and kidney function and not re-
ceiving antiplatelets or anticoagulants: a significant decrease in he-
moglobin levels was observed. The etiology of anemia in CHF, as in
other chronic diseases, could be related to the release of cytokines
which are able of causing erythropoiesis inhibition. Several studies
corroborate that the increase in levels of pro-inflammatory cytokines
and CRP is assoclated with CHF severity | 12}, Tumor necrosis factor ce
(TNF-e} and 116 inhibit EPO production which in turn inhibits the
proliferation of erythroid progenitor cells from the bone MArow.
Therefure, one of the mechanisms preposed for anemia in CHF is in-
flammation (or anemia of chronic diseases),

As we mentioned earlier, our results show evidence of an increase
in inflammation at baseline, especially in terms of STNFRI, as the main
predictor of a decrease on hemoglobin concentrations, Only a few
studies have investigated the role of STNER] in CHF anermnia. Pop et
al. [13] studied the correlation between STNFRI and other negative
prognostic factors in 54 patients with CHF. They concluded that the
increase in sTNFRI is an expression of chronic inflammation in CHF
patients. This increase was found to be statistically significant on
comparing patients both with and without anemia,

Table 2

Biologicat parameters associated with the onset of anemia at 1 year.
Variable No anemia Anemia P

n=>51 n=8

Hemoglobin (g/dL) 46412 122406 <0.001
A Hepcidin (ng/mL) -3.14-436 592595 0.001
A Ferritin {ng/dL) 11.1+£2296 12862128 0.03¢
A sTNFRE (ng/dL) 0.2 [~03 to 0.7] 0.9 {0.6-2.1] 3.008
4 GDF15 (pg/mL) 236.4+245.6 13593434168 0.034

A4 refers to the change from baseline o 1 year.
Data are expressed as mean 25D and median linterquartile range).
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During the follow-up, the changes on biological parameters associ-
ated with the decrease in hemoglobin over time were sTNERI and
hepcidin, both being negatively correlated with hemoglobin, Hepcidin
is a marker which has been increasingly investigated in recent years
due to its effect on anemia in chronic processes [14,15]. Until now
only three studies have investigated the role of hepeidin in CHF anemia,
Van der Putten et al. [16] compared levels of hepeidin, ILG, ferritin and
CRPin a graoup of patients with CHF, kidney failure and anermia compar-
ing them with a ealthy population. They found that hepcidin tevels
were significantly higher in patients with anemia and correlated in-
versely with hemoglobin and positively with ferritin but not with 1.6
or CRP. Our results also showed the same inverse correlation between
hepcidin and hemoglobin but no correlation was found between
hepcidin and IL6, By centrast, Divakaran et al. [17] did not find any dif-
ferences on hepcidin levels in patients with and without anemia, and
consequently they suggest that hepcidin does not have an effect on
CHF anemia. Finally, Matsumoto et al, [18] found that concentrations
of hepcidin were lower In patients with CHF and anemia. In our study
we observed that a higher concentration of hepcidin was associated
with a decline on hemoglobin and the developnent of anemia. This
could be explained by the fact that in the presence of inflammatory pro-
cesses, as occurred in CHF, the release of proinflammatory cytokines
promotes hepeidin synthesis. Hepcldin could reduce the intestinal ab-
sorption of iron and, together with the lack of mebilization of the iron re-
serve from macrophages due to the increase in the proirflammatory
cytokines, there will be inadequate erythropoiesis and a decrease in
the mean erythyocyte life [19]. However, it still remains to be established
what is the role of hepcidin in CHF anemia and if this mnarker may have
future therapeutic applications for its correction.

About cardiac stress markers, no correlation was found between
the change on these and the reduction on hemoglobin concentration
over follow-up. This finding suggests that the progression of the car-
diac disease on itself is not closely related to hemoglobin evolution.
Nevertheless, the study found a relationship between cardiac stress
parameters and measurements of inflammation and iron metabolism.
In fact, STNFRI and transferring saturation were related with NT-
proBNF concentrations, the main biomarker reflecting cardiac stress
among CHF patients. In addition the increase on GDF15 during the
follow-up, a cardiac marker which is closely linked to inflammatory
processes and worse prognosis in CHF {20], was a predictor of anemia
development. Moreover Lakhal et al, [21] observed that GDF15 is in-
creased in patients with iron deficiency, however we did not find an
association between this marker and hepeidin, with is considered as
the main iron metabolism regulator. Nevertheless, all above suggest
that inflammation is the link between heart failure progression, as
reflected by cardiac stress biemarkers, and anemia development,

‘The main limitation of this study was the relatively small population
size which could have led to a bias in the observations, although this
weakness was overcomne because of the inctusion of a uniform popula-
tion of stable patients, without anemia and over a prolonged followed-
up time; which made it possible to obtain a long term view before the
anemia appeared at mote advanced stages. Further studies are still re-
quired to clarify the role of STNFRI and hepcidin, as well as other
markers such as GDF15; however, the present work add new knowl-
edge about which are the earlier mechanism involved on the hemoglo-
bin reduction over time among non-anemic CHF patients. The
identification of these mechanisms couid be used in the design of
studies focused on therapeutic interventions aimed to correcting these
and prevent the development of anemia before it is established.

In conclusion, in CHF patients without anemia, the increase in the
inflammatory state (STNFRI) and the following deterioration in the

iron metabolism (hepcidin) were the main determinants of a de-
crease in hemoglebin and the appearance of anemia in the long
term follow-up period.
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