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Abstract

Background: Anemia affects one-third of heart failure patients and is associated with increased morbidity and mor-
tality. Despite being one of the commonest comorbidities associated with heart failure, there is a significant knowl-
edge gap about management of anemia in the setting of heart failure due to conflicting evidence from recent trials.

Main body: The etiology of anemia in heart failure is multifactorial, with absolute and functional iron deficiency,
decreased erythropoietin levels and erythropoietin resistance, inflammatory state and heart failure medications being
the important causative factors. Anemia adversely affects the already compromised hemodynamics in heart failure,
besides being commonly associated with more comorbidities and more severe disease. Though low hemoglobin lev-
els are associated with poor outcomes, the correction of anemia has not been consistently associated with improved
outcomes. Parenteral iron improves the functional capacity in iron deficient heart failure patients, the effects are inde-

pendent of hemoglobin levels, and also the evidence on hard clinical outcomes is yet to be ascertained.

Conclusion: Despite all the research, anemia in heart failure remains an enigma. Perhaps, anemia is a marker of
severe disease, rather than the cause of poor outcome in these patients. In this review, we discuss the current under-
standing of anemia in heart failure, its management and the newer therapies being studied.
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Background

Heart failure (HF) is a clinical syndrome characterized
by inability of heart to perform circulatory function effi-
ciently due to structural and/or functional abnormali-
ties. It continues to be an important global health issue
with an estimated worldwide prevalence of more than
37.7 million [1]. With an epidemic of coronary artery
disease, diabetes mellitus and other life style diseases,
it is estimated that globally the number of HF patients
would increase by 25% by the year 2030 [2]. Despite best
of medical and device therapies, the mortality rate of HF
patients is 50% at 5 years of diagnosis [3], which is more
than that of breast, prostate and colon cancer [4].
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One-third of HF patients are anemic and almost 50%
have iron deficiency (ID) [5]. Both anemia and ID are
associated with worst clinical outcomes in patients with
HF. Whether these are the mediators of poor outcome
or are just the bad prognostic markers, the debate is far
from over. While treatment of ID has shown to produce
symptomatic improvement in these patients, correction
of anemia has failed to show any significant positive out-
comes. In this article, we aim to review the existing data
on management of anemia and ID in HF patients and dis-
cuss the future therapies under development.

Main text

Anemia in HF: prevalence

Prevalence of anemia in HF (hemoglobin (Hb) less than
12 gm/dL and 13 gm/dL in females and males respec-
tively) has been reported between 17-70% depending on
patients’ demographics, comorbidities, type of study and
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HF severity [6, 7]. The anemic patients with HF are found
to be older and have more comorbidities like diabetes
mellitus, chronic kidney disease (CKD) and have worse
functional capacity with poorer quality of life. They
tend to have lower blood pressure, more edema, higher
requirement of diuretics [8—14].

Anemia in HF: etiology

Anemia in HF is multifactorial. Fifty percent of patients
with HF have ID; either they have depleted iron stores
(low ferritin (less than 100 ug/dL) and low transferrin
saturation (equal to or less than 20%) or they have func-
tional iron deficiency in the form of normal iron stores
(ferritin (100-300 ug/dL) and low transferrin saturation
(equal to or less than 20%) [8, 9]. Transferrin saturation is
obtained by dividing the serum iron by total iron binding
capacity. The nutrient deficiency may occur either due
to decreased intake or due to decreased absorption of
iron in the gut. However, the deficiency of other nutri-
ents like folic acid and vitamin B12 are less well described
as contributing factors. HF is a complex inflammatory
state which is associated with upgradation of inflamma-
tory markers like interleukin-1, interleukin-6 and tumor
necrosis factor and is usually associated with multiple
comorbidities like CKD [13, 14]. The appropriate eryth-
ropoietin (EPO) response to anemia may be blunted due
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to kidney dysfunction. In addition, the cytokines produce
a state of resistance to EPO. Though the upgradation of
sympathetic and renin angiotensin system increases the
production of EPO in kidneys, the drugs used in heart
failure commonly blunts this response. Also the use of
antithrombotics in patients with HF for various indica-
tions may lead to occult gastrointestinal blood loss lead-
ing to ID. Figure 1 summarizes the potential mechanisms
of anemia in HF.

Anemia in HF: pathophysiology

Anemia in HF decreases the delivery of oxygen to the tis-
sues and aggravates the symptoms of dyspnea and fatigue
with worsening quality of life. In a patient without HF,
anemia produces a hyperdynamic state and compen-
sates with increased heart rate and stroke volume. These
reserves are limited in patients with HF, and hence, ane-
mia can decompensate such hemodynamics. It may lead
to adverse left ventricular modeling and demand supply
mismatch. In a large meta-analysis, the crude mortal-
ity risk associated with anemia in HF was an odd ratio
of 1.96 (95% confidence interval 1.74-2.21), and the
adjusted hazard ratio was 1.46 (95% confidence interval
1.26-1.69) [15]. There has been data which shows that
treatment of HF resolved anemia and brought the mor-
tality risk to baseline; however, the treatment of anemia
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in HF has not been associated with consistent positive
outcomes. On the other hand, correction of ID (overt and
occult) in HF is associated with better quality of life and
symptomatic improvement and is hence recommended
to be evaluated for and treated, irrespective of Hb levels.
However, the effect of treatment of ID in HF on hard out-
comes is yet to be seen. Hence, the debate, whether the
anemia is a marker of HF severity or it leads to adverse
outcomes, is far from over.

Anemia in HF: treatment

1. Transfusion: In severe symptomatic anemia, a liberal
transfusion strategy (trigger threshold of Hb 7-8 gm/
dL) is recommended in patients with heart disease
[16, 17]. Despite having some temporary benefits, the
transfusion therapy can lead to volume overload and
ischemic events in HF patients [18, 19], apart from
other adverse events like hemolytic reactions, acute
lung injury and infections.

2. Erythropoietin-Stimulating Agents (ESAs): Exog-
enous erythropoietin was studied in patients with
HF in Reduction Of Events by Darbepoetin Alpha in
Heart Failure (RED-HF) trial, where more than 2000

HF patients with ejection fraction equal to or less
than 40% and anemia were randomized to receive
Darbepoetin Alpha or placebo [20]. There was no
difference in primary outcome (death or HF hos-
pitalization) in two groups; however, there was sig-
nificantly increased number of ischemic strokes and
thromboembolic events in the ESA group. The rea-
son for the observed outcome was heterogeneity of
anemia in HF patients and a large proportion of HF
patients already have high EPO levels, with resistance
of bone marrow to its action [21]. Hence, EPO is not
recommended to treat anemia in HF [22—24]. Even in
patients with CKD, higher Hb targets with EPO are
associated with worse cardiovascular outcomes.

3. Iron Therapy: Parenteral iron therapy, in patients
with HF with reduced ejection fraction and iron
deficiency, irrespective of Hb levels, has shown to
improve New York Heart Association functional
class, quality of life and exercise capacity [25—-28]. The
effect of parenteral iron therapy on hard outcomes is
yet to be ascertained. Most of the studies have taken
a ferritin cutoff of equal to or less than 100 ug/dL or
ferritin of 100-300 ug/dL and transferring satura-
tion of equal to or less than 20%. Recent studies have
found that transferrin saturation, rather than ferritin



Page 4 of 8

(2021) 73:75

Sharma et al. Egypt Heart J

[£1-€1] 100 pue swoidwiAs anoiduit 03 (%0¢ > 1S L

pue 1p/Bn 667-001 USaMISQ UNLI IO [p/BN 001 > Uniay) dI

YUM (J]] PUB || YHAN) stuaiied 4H dnnewoldwAs 10y (Uoll uesixap
-UOU 10 | D 9|gedtayaid) uodl [e1a1uaied Sauljepinb DDv/Ds3

[Z=¢Z '/ 1] 4H Ul eluIaUE JO JUsBWI1RaI) J0) PasN
9 01 PAPUSWIUIOI] 10U ik susbe Buenwins-unaiodoiyifig

[£1] 4H ut eluwiaue d11ewoldwAS pue a19A3S 104 UoIsnjsuel|
[11] (Uoluido 1adxa uo paseq)

95B3SIP JB|NDSEACIPIED Ul 950€ > 1ID01PWSH

ploysalyl uoisnjsuel|

JUBWSSasse |eqo|b
Jualied pue 10D ‘LA ‘SSeD YHAN Ul Juawiaaoidull Juedyiubis

ejle unaodagied YUM SIUSAS D1|OQWS0GUIOIYY PUR 1USPIDE
JB|N2SBAOIGRID JIUIRYDSI JO 9DUSPIDUL Ul 95B3IdUl JURdYIUDIS

4H BulussIom Joj uonezijey
-1dsoy 1544 JO Y1eap asned-||e) auodIN0 Alewdiid ul 92Ua1aIp ON

SULIB Y10q Ul JB|IUIS SIUSAS 3SI9APY
dnoib
pa1eali-ejje unsodaglep ul uonezijendsoy 4H 1siy 1o Ajeow
9SNED-|[B JO YSL JSMO| B PIRMO) PIAISSCO PUSIL JURILIUDISUON
700 10 $5B|2 YHAN ‘UONEBIND 951219X3 Ul 92UI94Ip UedyIubIs ON

Ayjjeriow wis) Buoj uf 90U
-I34Ip OU S| 2181 1I9ASMOY AJ|PLIOW WIS) 1IOYS JIMO] Ylim
P21LID0SSE SeM UOIsnysuell poolq ‘sisAjeue 2103s Aysuadoid Joyy

sjuaned awoIpuAs A1euoiod ainde Ul 3dadxe
(1ouadns sdeyiad) [esaql| se aA11D3YD Se AB1euIs | g AIDLISAY

spuaned swoIpuAs A1euoiod ainde U 1dadxe
(1ouadns sdeyiad) [esaqgl| se aA11D3YD Se AB1euIS | g SAIDLISAY

[BAIAINS PaACIAWI YUM P3IRIDOSSE (7 < 21005

[l FJHDVJY PUe 35e35Ip Jelpied Yim siualied djuiaue ul |g
syuaned

JeIpJeD Ul A}JI[P1IOW PISBIDUL 1M PaIeID0SSe Tp /ubs'e > gH

[ss1=U]
0gade|d SNSI9A [0E = U] ND4-UOJI [BI91UDIE] :UOUSAIDIU|

(IP/Wb GEL-0TL

gH) elwaUR INOYUM O (Jp/Wb 71-5'6 gH) eluuaue pue

(%02 > 1S L TW/BU 00€-001 40 TW/Bu 001 > UiIS)) d| Yum
(Il YHAN) 951 > 10 (1| sSe2 YHAN) %0t > 43AT ‘211D uoisnjdul
[s3o9M yz—dn-moj|oy] 657 =U

[szl
14 P3||01IUOD) PaZIWOpURY Pullq 3|gNOJ JRIUSDINIAL H-HIVA
uoll \B\ECEBQ.

[crlL=U]
0gae|d snsIaA [9€ | | = U] Bjje ulleodagleq :UOUSAIDIU|
Ip/b 1L 01 €l :qH 196se]
IP/B Z1-6 OH "%S€ > 43N] :euaIID uolsnpu|
(syuow gz—dn-moj|oy) syuaired g/zz =u
[0¢] [eiL pajj0nu0] paziwopuey puljq 8|qnod ‘el 4H-03Y
[£G1 =Uu] 0gade(d sNsIaA [g9| = U] )|y Unaodagieq :UORUIAIIU|
Ip/B Gl oYel :qH 1ob1eL
IP/D §'Z1-6 AH ‘%07 > 43AT :eLS1ID UoIsn|dul
(soam £6—dn-moj|0y) sausned L€ =u
[G€] [eH] pajjoauo)
paziwopuey ‘et | 4oH YNIWVYLS
suabp bunpinwiis-unaiodolyifig

[Secz=u]l 4HQV pue [/9/L=U]4HD) C0L'r=U
[81] (SIS4H) [=eis| Ul
A3MINS 4H paseq [1dSOH ) Apnis 11oyoD) aAlIDads0ld ‘|e 19 A1ien)
ABa1ens[p9| =u] (Jp/wb /£ >gH) Abarens
18 9AIDLISAI SNSISA [/61 = U] (Tp/WB 01 >qH) ABa1ea3s | g |esaq]
3SPISIP Je|NdSeACIPIRD UM siualied |1 Ajjeo1id /GE=u
[7€] [eU] P3[|0NUOD PazZiLopuUeY ‘B 19 Dd 1egeH
Aba1ens (Tp/wb /£ >qH)
AD31e)1S | g 9AIDIISAI SNSIDA (1p/WB 6> gH) ADS1eAis | g [eJag]
sjuanied DIWSJ0ANS ||l A||edRLD 8E8 =U
[€€] |eliL pa]|0uU0D) paziwopuey J21udNA e 19 Dd HegeH

(s3uaned |1 A[eanLd) 0Lpr=u
[2€] 1oy0D) 9A13dS0Id pue 9A1102d50119Y ‘|8 19 Dd Ma0aH

(19) uoisnysupiy poojg

9>13peid/uonepuswwoday

Buipury

Apmis/jeny

2In|lej 1Ueay Ul UoIl pue siuabe buieinwins-uialodoyiAls ‘uoisnjsuell pooiq 4O 9|01 bullen|eas salpnis L ajgeL



941] Jo Aljenb “JOD ‘uolI_INIES ULLIBYSURI] ‘| YS] ‘UOIRIDOSSY LESH 3IOA MIN ‘VHAN ‘opidad snainuieu
9dA)-g-01d |eurwial-N ‘dNg 04d-] N ‘1591 3[em UIw-9 | A9 ‘UOIIDeI UOIIDA(D JBINdLIIUIA 13| JIAT ‘di1euuonsan AyredoAwoipied A1) sesuey ‘DIDY ‘Aduaidyap uodl ‘g ‘2injiey Leay ‘4H ‘uiqojboway ‘qH ‘@soljewAxoqled
L3} ‘D4 ‘ABojolpied Jo A1a100s ueadoing ‘D53 ‘uoisnysuel) poojd ‘L g ‘uolen|ead yijeaH diuoayd pue ABojoisAyd a1ndy ‘JHIVJY ‘2n|iey 1eay palesuadwodap ande 4HQY ‘Abojoipied Jo a63||0) uedusawy ‘JDy

Page 5 of 8

(2021) 73:75

Sharma et al. Egypt Heart J

21025 AJewuNs [es1ul|D DD pue
dNg-01d-I N ‘L MING “A11oedeD 951219%e Ul 9dUSJyIp JUedyIUbIS ON|
sdnolb omy usamiaq
95USPIAS YBNOUS 10U iUl [eIQ) uonduwnsuod usbAxo yead ussmiaqg adualayip Juedyiubis oN

[Buiobuo]

SYIUOW Q 18 2DUBISIP | AMAIQ Ul abueyd
134 | 1e 4H Joj uopezijendsoy Jo aduspIdU|
1eak | 1e y1eap Jo aduspidU|

'S9WO0DIN0 AJewilid

[Buiobuo]
1e3p JB|NdSeAOIPIED JO pUe suonezljendsoy
1B|NDSPAOIPIED JUS4IND3I JO 91 PAUIGUIOD) :BW0DIN0 Alewlild

9Jes uol| [eJa1uaied
SY1e9p JB|NDSBAOIPIED Ul 92USIayIP ON
suol1ez||endsoy paiejal 4H Ul 95ea.109p uedyiubls

$3I03S UOJI Ul 958310Ul JUBDYIUDIS

1USUISSISSR
|eqojb 1uaned pue ssed YHAN Ul JuswaAoidull JuedLiubIs
uondwnsuod U3BAXO 3ead Ul aseaioul uedyiubis

IH

Buluasiom 1oy suoneziendsoy Jo 3Si Y3 Ul uoldNPaJ JUedLIUBIS
1USWISSasse [eqo|b

1uai1ed pue oD L MING 'SSejd YHAN Ul Juswaroidul| Juedyiubig

[PLL=u] ogade|d snsisA [ | | =U]
(Kep e 921M1 BW 0S |) ap1eyddesAjod Uil |elo :UORUSAISIU|
(uswiom) 1p/6 '€ 16 pue (uaw) 1p/B §1-6 :gH pue
(902 > 1¥SL e yum ui/Bu 667-001 Usamiaq 1o w/bu 00L-51
unIey) dl PUe %0y > 43AT Al-Il VHAN el21ld uoisnjouj
[syoam 9| —dn-mojjof] Gez=u
[L€] [era pajjoauo) paziwopuey JH LNONOY
uouI [pI0
0022e|d SNSISA |\ D4 -UOII [BI21USIEJ {UOIIUIAIDIU|
Al P2IU3WIN0P Y3IM
Il VHAN %0% > 43A7 ‘eus1ud uoisnppu
[S¥oam 7G—dN-moj||0f Pa109dXT] | 0E = U Pa1eWIIST
[LE6/E0E0LDN Haynuap| Aob's|el] [ediul|D]
|euy
P3]|0Au0) pazZiwopuey pullq 8|gnog 11usdINA Ald-1Yv3IH
0ga2e|d SNSIA |\D4 -UOII [RI31USIEJ {UOIUIAIDIU|
Al PIUSWINI0P YIIM 4H DI|0ISAS (BlI1ID UOISN|dU|
[S¥oam 7G—dNn-moj||0f Pa129dX3] 007 | = U Pal1eWIsT
[C979E0E0LDN Haynuap| AoB's|el] [ediul|D]
|1} P3|0A1UCD pazZiWOpURY PUl|q 9|gNO J1L1USdRINIA "T4H-YIVH
HH U1 uouy |piaiuaiod yiim sjpL buiobuQ

[9b4eyDSIp 210420 ‘UOIIEZ]|IgE]S JS1JE UOIUAIIU(] [05G = U]
0ga2e|d SNSIaA [855 = U] |ND- -UOJ] [RI31USIR] {UOIIUSAIDIU|
(%02 > 1VSL

J11W/Bu 00€-001 40 TW/Bu 0oL > unu
-194) QI JUENWODUOD YUIM 4HAY 9%0S > 43T ‘BUSILD UoIsN|DU|
[s9am gG—dn-mojjof] ceLL =U

(87l e
Pa]|011u0) paziwopuRy pul|q 9|GNoQ 491USdAINN JHY-INYI44Y
[98=u] 0ga2e|d SNSIaA [98 = U] |\ D4-UOJI [RI91UDIE] :UONUSAIDIU|

S9IM ¥ < 4H 10) Adeisy [edipsw
SSBI2 YHAN ‘%St > 4347 el=1d uoisn|du|
[$9m yz—dn-mojjof] ¢/ L =u
[£2] |e1] pa||0)Iu0D paziuopuey 4H-1 13443

[esL=u]
0ga2e|d sNsIaA [7G | = U] ND4—UOII [eI2}UBIR] JUOIUSAIIU|
(960C> 1¥SLH!

Jw/bu 00€

—-001 40 Jw/bu 00| > unLiay) | pue sspidad dnainuieu
P31eA3I3 YUM JH d11BWO0IdWAS ‘94 > 43T :eLID UOISN|DU|
[syeam gg—dn-mojjof] y0g =Uu

[97] |emy
P3]|0AU0D pazilopury pulg 9|qnog 48IuadRINA H-WHIINOD

lewndo audsap

9d13peid/uonepuswwoday Buipui4

Apnmis/jen

(panupuOd) | 3jqey



Sharma et al. Egypt Heart J (2021) 73:75

levels, reflects the iron stores and availability more
accurately, and hence should be used to guide the
parenteral iron therapy [29, 30]. The most studied
parenteral iron formulation is ferric carboxymaltose.
Both the European and American guidelines recom-
mend that iron deficiency should be ruled out in all
HF patients, irrespective of Hb levels [17, 22-24].
Parenteral iron therapy is recommended in patients
found to have iron deficiency. Oral iron therapy
has been studied in the trial, IRONOUT (Oral Iron
Repletion Effects On Oxygen Uptake in Heart Fail-
ure) [31]. However, in 16 weeks, the 300 mg of oral
polysaccharide iron produced only marginal increase
in ferritin and transferrin saturation, without any
significant increase in exercise capacity or effect on
N-terminal pro-B-type natriuretic peptide. Explana-
tion for the observed effect is that due to inflamma-
tory state of HF, the hepcidin levels are high which
degrade the iron exporter ferroportion, thus blocking
the iron absorption from the gut and the iron release
from macrophages. This block is overcome by high
concentration of intracellular iron after parenteral
therapy. Figure 2 illustrates the mechanism of action
of parenteral iron in chronic inflammatory state like
HE. Table 1 summarizes the studies evaluating role of
blood transfusion, ESA and iron in HF [32-35].

4. New therapies: The new therapies which are being
evaluated for management of anemia in HF include
the molecules which target hepcidin, hypoxia path-
way and the EPO receptor.

5. Hepcidin: It can be antagonized by reducing its
production, neutralizing it or preventing the hep-
cidin—ferroportion interaction. This shall increase
the absorption of iron from the gut and increase
the bioavailability of iron for erythropoiesis. A fully
humanized monoclonal antibody against hepci-
din (LY2787106) and a hepcidin-binding agent, the
Spiegelmer lexaptepid (NOX-H94) have shown
promising results in phase 1 trials [36, 37].

6. EPO receptor targeting: These include mimetic pep-
tides, gene therapy, fusion proteins, receptor anti-
bodies and active receptor ligand traps. These activin
traps bind a large number of transforming growth
factor P family ligands and inhibit their signaling.
The proposed mechanisms of action include making
erythropoiesis more efficient by reducing the num-
ber of growth differentiation factor-11-positive cells
[38] or by increased expression of angiotensin II [39].
Since the later in not desirable in HF patients, these
activin traps have not been studied in HF patients
with anemia.

7. Hypoxia-Inducible Factor (HIF) Stabilizers: In low
oxygen conditions, HIF induces transcription of mul-
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tiple genes including EPO [40]. One of the HIF sta-
bilizers, roxadustat (FG-4592), has shown to increase
EPO and Hb levels and decrease the hepcidin in
CKD patients [41].

Anemia in HF: current guidelines

The current guidelines recognize that anemia is an
important prognostic marker in HF patients and lay
stress on evaluating the etiology of same, though most of
the times no specific cause is found [17, 22—-24]. A spe-
cial emphasis is laid on correction of iron deficiency in
HF with parenteral iron, irrespective of the Hb levels, to
improve the functional status.

Conclusion

Despite all the research, anemia in HF remains an
enigma. Affecting almost one-third of HF patients, ane-
mia is associated with bad outcomes. However, the
treatment of anemia and rise in Hb levels have not been
consistently linked to better prognosis. Though paren-
teral iron improves the functional capacity in iron defi-
cient HF patients, the effects are independent of Hb
levels; and also the evidence on hard clinical outcomes is
yet to be ascertained.
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