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Lee et al., PLoS ONE 2019

Risk factors for incident anemia of chronic diseases: 
A cohort study
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The burden of anemia in type 2 diabetes 
and the role of nephropathy: a cross-sectional audit

Thomas et al., Nephrol Dial Transplant 2004
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Reduced Production of Erythropoietin Other Contributors

Microvascular damage Reduced red cell half survival

Chronic hypoxia Haematinic deficiency

Oxidative stress Reduced iron availability

Systemic inflammation Occult blood loss

Autonomic neuropathy Drug therapy

Increased salt reabsorption Celiac disease (type 1)

Hyperfiltration Induction of EPO release inhibitors

Urinary erythropoietin loss

Thomas et al., Curr Diabetes Rev 2005

Possible mechanisms of anemia in diabetes
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Al-Khoury et al., Diabetologia 2006

Anemia in diabetic patients with chronic kidney 
disease – prevalence and predictors

Diapositiva preparata da MARIO BONOMINI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Available treatments for anemia associated with DKD

Yilmaz et al., Blood Purif 2011; Auerbach et al., Best Pract Res Clin Anaesthesiol 2013
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Robles et al., Diabetes Metab Syndr 2018

Prevalence of iron deficiency was more frequent in diabetic patients than in non-diabetic subjects

(p=0.048). Among CKD diabetic patients the prevalence of iron deficiency was higher than in non-

diabetic CKD ones (p=0.040).
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KDIGO Anemia Work Group, Kidney Int 2012

Target Iron Indices
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Shepshelovich et al., AJKD 2016
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MacDougall et al., NDT 2014
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Schindler et al., Diabetes Ther 2019
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Ferric Pyrophosphate Citrate

New water soluble IV iron

Added to bicarbonate dialysate                       

Transfers across dialyzer membrane

Donates iron directly to transferrin

Delivers iron directly to bone marrow

Studio PRIME                                   
Gupta et al., Kidney Int 2015

Studio CRUISE 1 and 2                                   
Fishbane et al., NDT 2015
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Panwar et al., Semin Nephrol 2016

Dysregulated iron homeostasis in CKD 
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COMPOUND TARGET

Hepcidin Mimetics Ferroportin

HEPCIDIN AGONISTS Stimulation of Hepcidin production Tmprss6

Ferroportin inhibitors Ferroportin

Anti-hepcidin antibodies Anti-hepcidin antibody

Hepcidin binding spiegelmers Chelates serum hepcidin

Hepcidin binding anticalins Hepcidin inhibitors

HEPCIDIN ANTAGONISTS BMP sequestration BMP receptor type 1 inhibitors

BMP receptor inhibitors BMP pathway

IL-6 signaling inhibitors IL-6 pathway

Erythroferrone Erythroferrone

Compounds affecting iron-hepcidin axis under development

Malyszko et al., Expert Opin Ther Targets 2019
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✓ Successo della Medicina Clinica degli anni ‘90

✓ Soppressa necessità di terapia trasfusionale cronica

✓ Miglioramento sintomatologia, qualità di vita
e capacità fisica

Terapia dell’anemia renale con ESA
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Nakhoul et al., Cleve Clin J Med 2016

Red flags raised with ESA use
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Target Hemoglobin

KDIGO Anemia Work Group, Kidney Int 2012

FDA Drug Safety Communication: Modified dosing

recommendations to improve the safe use of Erythropoiesis-

Stimulating Agents (ESAs) in chronic kidney disease [6-24-2011]

•For patients with CKD, consider starting ESA treatment when the
hemoglobin level is less than 10 g/dL. This advice does not define how far
below 10 g/dL is appropriate for an individual to initiate. This advice also
does not recommend that the goal is to achieve a hemoglobin of 10 g/dL or a
hemoglobin above 10 g/dL.

Typically maintain the aspirational

Hb range between 100 and

120 g/litre for adults, young

people and children aged 2 years
and older

2015
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Trials showing higher Hb
targets and/or high ESA 

doses may ↑ risk

Changes in ESA 
reimbursement policy in some 

countries

Reduction in prescribed ESA 
dose and target Hb levels

Increase in blood
transfusion requirements

and IV iron dosing

Bonomini et al., AJKD 2016
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Bonomini et al., AJKD 2016

Strategies under development to stimulate erythropoiesis

• Stabilizzatori HIF: inibitori

competitivi prolil idrossilasi attivi

per via orale
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Malyszko et al., Expert Opin Ther Targets 2019

HIF stabilizers – data on clinical trials
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Zarember KA and Malech HL, JCI 2005
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Regulation and function of HIF in endocrine organs 

associated with type 2 diabetes mellitus

Lee H-C et al., J Endocrinol 2017
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Lambers Heerspink et al., Diabetes Obes Metab 2013

SGLT2 inhibitors in renal anemia

Maruyama et al., Diabetes Technol Ther 2019

Dapagliflozin a glucose-regulating drug with diuretic 

properties in subjects with type 2 diabetes

Canagliflozin improves erythropoiesis in diabetes 

patients with anemia of chronic kidney disease

Diapositiva preparata da MARIO BONOMINI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Sano et al., J Clin Med Res  2016
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Inzucchi et al., Diabetes Care 2018

How does Empaglifozin reduce cardiovascular
mortality? Insights from a mediation analysis of the
EMPA-REG OUTCOME trial
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❖ Complicanza frequente, spesso precoce

❖ Cause principali: insufficiente produzione di EPO e deficit di

ferro (assoluto e/o funzionale)

❖ Approccio terapeutico attuale come nella CKD non diabetica

❖ Gli studi in corso e le derivanti informazioni su efficienza e

sicurezza di nuovi agenti in grado di migliorare l’eritropoiesi,

anche mediante nuovi meccanismi d’azione, potrebbero

consentirne una migliore e più semplice gestione

Anemia nella DKD
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