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Prevalence, incidence and types of mild anemia in the elderly:
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Relationship between hemoglobin concentration anear al
cause mortality iIn communHywelling, disabled older women
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Relationship between the baseline levels of Hct and the
cumulative incidence of ESRD

Hematocrit vs ESRD incidence
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Journal of Nephrology (2020) 33:147—-156
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ORIGINAL ARTICLE

Check for
updates

Anemia and clinical outcomes in patients with non-dialysis dependent

or dialysis dependent severe chronic kidney disease: a Danish

population-based study

Gunnar Toft?
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Difference in evenfree survival rates between irateficient and
nonciron-deficient patients with HF with or without anemia
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As a vigorously metabolically active tissue, the heart is a primary
tissue target of iron delivery

Mitochondion

— The heart requires robust levels of
ATP to sustain continuous contractions
= Cardiomyocytes are highly mitochondria-

dense

— lron is required for iron/sulphur cluster protein and
heme-containing cytochrome components of the
electron transport chain complexes |-V
= ATP synthase within the mitochondria

ATP, Adenosine Tri-Phosphate; ADP, Adenosine Diphosphate; CHF, Chronic heartfailure; Fe,

iron

1. RinesAKandArdehaliH.JMol CellCardiol 2013; 55: 5657
2. Cartier L&t al. JBiolChem 1986 ;261:1382-82
3. OexleH et al.BiochimBiophysActa 1999 ;1413:99407
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Mitochondrial Dysfunction
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» Iron Deficiency is associated with

energy deficiency
= Reduced activity of respiratory
complexes at the mitochondrial level




Distribution of iron in adults
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lIron-dependent changes in cellular energy metabolism

Essential for
cell physiology
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EPIDEMIOLOGY OF ID IN THE ELDERLY

A Prevalent Yet Undiagnosed Issue in Aging Populations

IRON DEFICIENCY DEFINED PREVALENCE OF IRON DEFICIENCY IN THE ELDERLY
-Conditi.on where body’s _iron reserves are S8-2594 >50% Plospitalizec) el
insufficient to meet physiological needs. ‘ A e

ABSOLUTE DEFICIENCY FUNCTIONAL }y g s _Bl = 65 Years

DEFICIENCY
Ferritin 100-300 ngmL
o
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= Transferrin Commumty—Dwelllng 8-50% ‘ Hospitalized / Institutionalized
. <20%
CONSEQUENCES OF IRON DEFICIENCY PREDISPOSING FACT ORS
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ID IN OLDER PEOPLE WiITH MALNUTRITION

A Frequent Yet Underdiagnosed Comoribidity in Geriatric Malnutrition
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DIAGNOSTIC AND MANAGEMENT HIGHLIGHTS

1. Screen for Malnutrition & ID Correct Underlying Causes e - . [ @ ”
seg Il 4 Y

W Hb <12g/dL, = Optimized

W Ferritin < 30 ug/L Ilg,‘-( : :32:;222 ‘«l!'
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>15 Ol o Dyspnea & Delirium Hospialitation

GLIM: Global Leadership mechiaiities of Mainutrition; BMI /Body InMass Index; BTT1: Protoneably Initiitive of Malificiency in malnourished Older Deople.




ID IN OLDER PEOPLE IN LONG-TERM CARE FACILITIES

A Prevalent Yet Underdiagnosed Issue Among Institutionalized Older Adults
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ID IN OLDER PEOPLE WiTH OSTEOPOROTIC FRAGILITY FRACTURES

A Common Yet Undermanaged Issue in a Frail Population
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DIAGNOSTIC & THERAPEUTIC APPROACH More Complications  Mnimize Infection Risk
1. Screen for Anemia & ID 2. Differentiate Absolute vs. Functional ID
Cm Undertreated Iron Deficiency
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ID IN OLDER PEOPLE witH CHRONIC KIDNEY DISEASE (CKD)

A Multidimensional Condition Requiring Nuanced Diagnosls and Management

>50% ~60% ~47%

Non-Dialysis CKD >80 Years Old Absolute or
Functional ID ——
Highly Prevalent and Multifactorial Condition I —
Contributing to Anemia, Functional Decline, —
and Cardiovascular Risks
S
__ Factors Driving Iron Deficiency in __
e Dietary Restrictions  _---~ Older Adults with CKD “~-._® Gl Bleeding and Frequent Blood Tests
® Sarcopenia e @ Dialysis Iron Losses

Gl Bleeding @ Anticoagulants
and Frequent

Blood Tests
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® Polypharmacy _ ReStr'Ct'onsl ﬁ 7

' Inﬂammatlon&/

Hepcidin Increase

. Sustained Iron Deficiency
—_— (Absolute &/or Functional)

EFFECTS OF ID & ANEMIA IN ELDERLY CKD PATIENTS

» Differentiate Absolute vs. Functional ID

» Indfvidualize Iron Goals, Balance Risks g{ \ 7

=]

.Con5|der _IV Iron Theralpy when Oral Iron Frailty & Functional  Individualize ~ Higher Risk of
is Ineffective or Not Tolerated Decline Iron Goals Hospitalization & Mortality



PATHOGENESIS OF RENAL ANEMIA

Oxidative uremic Inflammation
Stress toxins e
Down regulation Increased INF | 'y R
of HIF TNFh  LINE RdzOG A2 y

Increased H6 and
Hepcidin production

@ Erythropoietin @ 9NEUKNRAR
] synthesis " response

Blocking Ang-inediated
EPO transcription Immune
activation
RAS _— Low I_rc_)n
blockers VitD deficiency Occult
l Immune blood loss
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IN PRESENZA DI ID LA TERAPIA CON ESA E INEFFICACE
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CORRETTO TIMING DELLA SUPPLEMENTAZIONE CON FERRO ED ESA
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Hypoxia Inducible Factors coordinates EPO synthesis with iron metabolism

Proline

_ Translocation
HIF—prolyl Hypoxia N\ in the nucleus
hydroxylase o > ( HIF-o g
domain :

Proline

1.Increases of intestinal
absorption of iron

2.Increases iron mobilization
through hepcidinmediated
ferroportin expression

3.Improves peripheral iron
delivery by upregulating
transferrin and TFr

Locatelli F, Del Vecchio L, De Nicola L, Minutolo R Nephrol Dial Transplant 2021;36:1369-1377



IRON DEFICIENCY
{' ) AND HEART FAILURE IN THE ELDERLY

A Common Yet Treatable Condition Worsening Outcomes in HF Patients

N Up to 50% of Elderly HF Patients | i
N Y ———
A Have Iron Deficiency =
> fad :
————— s e S —

VICIOUS CYCLE IN T HEART FAILURE
ELDERLY HF PATIENTS e 75T 2)

Inflammation & —
Hepcidin Release

Improved Exercise
Tolerance & QoL

CONFIRM-HF | A Fint 5: AFFIRM-AHF IRONMAN
» Improvement ¢ v Symptoms » Fine, reduction ' jjizg » Reduced risk Reduc.ed HF
exercise capacity & ROL: HF rehospitals of cardiovss- Hospitalizations
» l-year 530m d-yeal > 4—year_ ' p— EA hospitalizations .
improvement T S reductionin HF 222 =W > 3-year results | Better PrognOSIS
& reduced risk of CV Events




Vicious circle of Anemia and HF

ANAEMIA

Worsening
HF

LV remodelling
Apoptosis Necrosis

- LV
diameter

- Plasma volume
Oedema

Salt & Fluid
retention

= Renin-angiotensin
aldosterone ADH

Tissue
hypoxia

Peripheral
vasodilation

®Blood
pressure

- Sympathetic
activity

®Renal blood
flow

Anand IS et all Am Coll Cardiol 2008;52:501



Frequency (%)

Iron deficiency and/or anemia stratified by NYHA functional class.
Prevalence of ID and/or anemia per NYHA functional class.

100 -
ID commonly occurs even
80 - without anaemia in HF
u ID (with or without anaemia)
607 is present in 50% of HF
patients
40 -
Iron deficiency definition used:
201 T Serum ferritin <100 pg/L or
T Serum ferritin <299 pg/L if TSAT
<20%
{] -
NYHA I NYHA I NYHA Il NYHA IV
(n=121) (n=577) (n=712) (n =96)

I No iron deficiency / no anemia [ No iron deficiency / anemia
1 Iron deficiency / no anemia B Iron deficiency / anemia

Klip IT et al. Am Heart J 2013;165:582
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Incidences of HF are higher in those with CKD than those without?

Schematiciagramof factors
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NayorM et al.EurJHeart Fail.
HF is associated with the risk 2017;19:61%623;
of kidney function decline George_Ket al. CircHeartFail.

2017;10:e003825.

CunhalCL et &urJint Med 2018
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Iron is absqréj into the
blood and binds to transferrin

Transferrin

Iron is transferred to

Excess iron is
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cytoplasm

A
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Activin B
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Ganz TPhysiol Rev 93: 1721741, 2013 /




Treatment of Anemia with Darbepoetin
Alfa In Systolic Heart Faillg&kED HF study

A Primary Composite Outcome B Death from Any Cause Placebo
100 100+ }
- - Darbepoetin alfa
9 %0 P=0.87 by stratified log-rank test I3 %0 P=0.51 by stratified log-rank test
T =
[ [
@ 60 & 60
= == =
2 404 2 404
S 204 2 201 =
[\] [\
o a
0 I I I I 1 0 I I I T 1
0 1 2 3 4 5 0 1 2 3 4 5
Years since Randomization Years since Randomization
No. at Risk No. at Risk
Placebo 1142 956 818 695 591 497 395 290 211 154 92 Placebo 1142 1055 942 824 715 599 481 352 264 192 118
Darbepoetin alfa 1136 975 855 712 581 473 385 281 212 161 101 Darbepoetin alfa 1136 1053 940 816 687 573 474 351 272 201 124
C Death from Cardiovascular Causes D Death from Cardiovascular Causes or First Hospitalization for
Worsening Heart Failure
100+ 100+
3 P=0.56 by stratified log-rank test 3 P=0.92 by stratified log-rank test
= 80+ = 804
= [ =4
s $
w 60+ w 60
= =
= =
2 40 2 40~
b4 2
o S
= 20+ = 20+
[\ [\
o a
0 T T T T 1 0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5
Years since Randomization Years since Randomization
No. at Risk No. at Risk
Placebo 1142 1055 942 824 715 599 481 352 264 192 118 Placebo 1142 956 818 695 591 497 395 290 211 154 92
Darbepoetin alfa 1136 1053 940 816 687 573 474 351 272 201 124 Darbepoetin alfa 1136 975 855 712 581 473 385 281 212 161 101

Swedberg K et aN Engl J Med 2013;368:1290



Impact of iron status on exercise capacitynjGute walk test) in
patients with chronic heart failure

>

Distance Walked in the 6MWT, m

350 —
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P=.027
P = .164 for nonparametric effect

2 3 4
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C 400
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P=.031
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Enjunaes C et d&kev Esp Cardiol. 2016;69(3):2255



Systematic
review

Meta-
analysis

Meta-
regression

Search /= AIll RCTs with IV iron in heart failure

IV iron (n = 3,407)
Result _
cearch — 14 RCTs (n = 6,624)

Placebo (n = 3,217)

Study IV Iron Placebo Effect Size

Toblli et al 20
FERRIC-HF, Okonko et al 24
IPD-meta-analysis, Ankeretal 504
EFFECT-HF, Van Veldhuisen et al 86 86
PRACTICE-AHF, Yeo et al 24 25
AFFIRM-AHF, Ponikowskietal 558

Dhoot et al 35 35
IRON-CRT, Martens et al 37 38
IRONMAN, Kalra et al 569 568
Marcusohn et al 18 16
HEART-FID, Mentz et al 1,532 1,533

= CV death
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Fixed effect model 3,407 3,217

' v |
e B -f ik

OR: 0.867 OR: 0.838 OR: 0.85 RR: 0.739
(95% CI: 0.755-0.955) (95% Cl: 0.751-0.936), (95% CI: 0.744-0.983) (95% Cl: 0.661-0.827)
P =0.0427 P =0.0015 P =0.0281 P < 0.0001

Effect ﬁ S onﬂ S 'TSAT<20%
v

MartensP et al. J AnCollCardioHF. 2024;12(3):52536



