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Anemia in CKD 



Clinical Kidney Journal., 2017

The prevalence of anemia raises with the progression of CKD

Several studies report the 
prevalence of anemia in non-
dialysis dependent (NDD) CKD 
up to 60%



Diagnosis and evaluation of anemia in CKD

KDIGO 2012



Pathophysiology of anemia in CKD

• Progressive reduction of endogenous 
erythropoietin (EPO) levels has 
classically been considered to play a 
preeminent role

• Absolute iron deficiency due to blood losses or 
an impaired iron absorption

• Ineffective use of iron stores due to increased 
hepcidin levels 

• Systemic inflammation due to CKD and 
associated comorbidities 

• Reduced bone marrow response to EPO due to 
uremic toxins

• Reduced red cell life span 

• Vitamin B12 or folic acid deficiencies

KDIGO Anemia Working Group. KDIGO clinical practice guideline for anemia in chronic kidney disease. Kidney Int. 2012



Erythropoietin (EPO), a glycoprotein hormone, is the master 
regulator of erythropoiesis

In CKD:
▪ Decrease in the EPO 

production due to fibrosis 

▪ Errors in EPO-sensing

Sato et al., Frontiers in Genetics, 2019

Fibroblast-like interstitial 
peritubular cells of the kidneys



In CKD patients, EPO levels are 
inadequately low with respect to the 
degree of anemia

Fehr et al., Kidney International 2004 
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Iron is essential for adequate erythropoietic 
response to EPO

Kalantar-Zadeh et al., Advances in Chronic Kidney Disease 2009 





Iron deficiency is common in CKD 
Depending on its cause, iron deficiency can be categorized as absolute 

or functional



CKD correlates with impaired iron availability, due to uremic toxins, 
inflammatory cytokines, hepsidin, malnutrition, malabsorption or blood losses 

Kalantar-Zadeh et al., Advances in Chronic Kidney Disease 2009 



• First oral iron supplements introduced in 1830s 

• The use of red blood cell transfusions along the 20th century

• The appearance of the first rhuEPO use in late 1980s followed by longacting ESAs

• The widespread use of intravenous iron supplements in recent years

• The use of Hypoxia Inducible Factor Prolyl Hydroxylase Inhibitors (HIF-PHIs) the 
last few years

Anemia treatment in CKD





Erythropoiesis-Stimulating Agents (ESAs)

Macdougall and Ashenden., Advances in Chronic Kidney Disease, 2009



Not all ESAs are the same
They have different pharmacokinetic and 
pharmacodynamic properties, such as different half-lives 
and EPO receptor affinity

Erythropoiesis-Stimulating Agents (ESAs)



Administration convenience, CKD phase, administration route, and costs



Effective agents in increasing 
and maintaining adequate Hb 

levels in a substantial 
proportion of CKD patients

with a relatively acceptable 
safety profile



Target Hb concentration  

Aapro et al., Frontiers in Pharmacology 2019

At the very beginning, the rationale for their use was quite simple ….. ?

The target Hb concentration during ESA therapy is still controversial



Therapeutic goals
Study ESA Target Hb Clinical outcomes

“Normal Hematocrit 
Trial” 1998

Epoetin alfa Hct: 42% vs 30% Halted early, due to a higher number of deaths 
and acute myocardial infarction in the group 
randomized to the higher hematocrit group

CHOIR 2006 Epoetin alfa 13.5g/dl vs 11.3g/dl Increased risk of a composite of death, 
myocardial infarction, hospitalization for 
congestive heart failure and stroke, and no 
incremental improvement in the quality of life

CREATE 2006 Epoetin alfa Early therapy 13-15g/dl vs 
‘salvage’ 10.5-11.5g/dl

Increase the necessity of dialysis, more 
hypertensive episodes, improved QoL in 13-
15g/dl

TREAT 2009 Darbepoetin alfa 13g/dl vs placebo rescue 
(below 9g/dl)

Did not reduce the risk of either of the two 
primary composite outcomes (either death or a 
cardiovascular event or death or a renal event), 
and was associated with an increased risk of 
stroke 



• Correcting Hb levels if they are below 10 g/dL 

• Avoiding exceeding Hb 13 g/dl

• The Hb target appears to be somewhere in between 10 and 12 g/dl

• It is advisable individualizing the Hb target relative to the patient’s basal
conditions, preferences and risks: 

Target Hb concentration  

JL Babitt et al.: Optimal anemia management: a KDIGO conference report., Kidney International 2021

▪ Cancer
▪ Diabetes
▪ Symptomatic limb arteriopathy
▪ Stroke
▪ Non-symptomatic ischemic heart disease



Iron Supplementation for Anemia in CKD

Macdougall and Ashenden., Advances in Chronic Kidney Disease, 2009



Evidence for clinical benefits of iron administration

JL Babitt et al., Kidney International 2021 

Several large studies have reported that correction of iron 
deficiency may be related with a reduction of congestive 

heart failure



Concerns about iron supplementation

IV Fe 
• Enhanced oxidative stress

• Endothelial dysfunction

• Potential role in favoring infection
• IV iron administration has been 

associated with an increased risk of 
hypotension, headaches or 
hypersensitivity reactions

Oral Fe 
• Gastrointestinal intolerance

• Constipation 

• effect on gut microbiota 

• Increases uremic toxins production ????

• Increases inflammation in CKD ???????



Iron types 

✓ Severity of iron 
deficiency

✓ Availability of 
venous access

✓ Response to prior 
oral iron therapy

✓ Side effects with 
prior oral or IV iron 
therapy

✓ Patient compliance 
and cost

KDIGO 2012



Iron guideline KDIGO 

KDIGO 2012



Prolyl hydroxylase domain (PHD) inhibitors

• Prolyl hydroxylase domain (PHD) inhibitors 
are a new class of drugs for the treatment 
of anemia

• They differentiate from ESAs, since they do 
not directly activate the erythropoietin 
receptor, but rather stimulate the 
production of endogenous erythropoietin 
from the kidneys 

• Induce the expression of genes related to 
iron transport

• They are administered orally



Forest plots for the efficacy of Hb response

Chen et al., Frontiers in Pharmacology 2023  



Forest plots for the safety of the treatment-
emergent adverse events

Chen et al., Frontiers in Pharmacology 2023  



Forest plots for the 
safety of the 
treatment-emergent 
adverse events

Chen et al., Frontiers in Pharmacology 2023  



Pleiotropic effects of PHDi

Activation of multiple genes 
regulating:
➢ Erythropoiesis 
➢ Iron metabolism
➢ Angiogenesis
➢ Lipid and glucose metabolism
➢ Glycolysis
➢ Mitochondrial function
➢ Inflammation and immunity
➢ Cell growth and survival
➢ Vasodilation
➢ Cell migration

Nava Yugavathy., et al., Curr. Issues Mol. Biol. 2023 



Anemia in CKD is a significant and frequent
complication with multifactorial pathophysiology 

• Anemia guidelines are old

• Does not include recent studies 
assessing the:

▪ Efficacy and safety of IV iron

▪ Different strategies of iron 
repletion

▪ Current and upcoming 
erythropoiesis stimulating 
agents 



Kidney International 2021

1. Revise anemia guideline

2. With optimal thresholds and targets

3. Individualized diagnosis and therapy

4. There are many areas where more 
research is needed 







6H syndrome

1. High Fibroblast 
Growth Factor 23

2. Hyperphosphaturia
3. Hypophosphatemia
4. Hypovitaminosis D
5. Hypocalcemia
6. Hyperparathyroidism 

secondary 

Jonathan W. Bazeley., Jay B. Wish., AJKD 2022

Reported clinical manifestations of the 6H syndrome include:
▪ Osteomalacia
▪ Bone fractures
▪ Muscular weakness and 
▪ Respiratory failure


