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Introduction

Chronic kidney disease (CKD) prevalence has increased
in recent decades and has become a global public health
challenge, requiring more costs.1 Recently, it has been
reported that >500 million people have CKD with a
prevalence of 11%.2 CKD deterioration is associated with
anemia, adversely affecting patients’ clinical outcomes.3

Hence, the early diagnosis of CKD-associated anemia
(CKD-AA) slows the progression, thereby reducing
associated complications and decreasing morbidity and
mortality rates.

It is well recognized that CKD-AA is linked with poor life
quality and clinical outcomes. The treatment for CKD-AA
requires an appropriate balance between stimulating eryth-

ropoiesis and maintaining sufficient iron levels and other
elements to achieve optimum hemoglobin (Hb) levels.4

Furthermore, other causes such as bleeding and bone mar-
row suppression should also be considered.

Epidemiology

In the late stages of CKD and patients on hemodialysis (HD),
anemia is present in �90% of the patients.5 Astor et al
reported that the rate of anemia increased from 1% in
patients who had an estimated glomerular filtration rate
(eGFR) of 60mL/min/1.73 m2 to 9% when the eGFR was
30mL/min/1.73 m2 and to 33 to 67% at eGFR of 15mL/min/
1.73 m2.6 Inhome-care patients’ study, CKD-AA was diag-
nosed in 50% of the CKD patients.7 In diabetic patients with
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Abstract Chronic kidney disease (CKD) is one of the most common disabling diseases globally.
The main etiopathology of CKD is attributed to progressive renal fibrosis secondary to
recurrent renal insults. Anemia is a known complication in CKD patients, associated
with higher hospitalization rates and increased mortality risk. CKD-associated anemia
(CKD-AA) is either due to true iron deficiency and/or functional iron deficiency anemia.
There is new emerging evidence about the effects of erythropoiesis stimulating agents
in the treatment of CKD-AA and their role in reversing and preventing kidney fibrosis in
the early stages of CKD. This effect potentially provides new scopes in the prevention
and treatment of CKD-AA and in decreasing the progression of CKD and the associated
long-term complications. Epidemiology, pathophysiology, and treatments of CKD-AA
will be discussed.
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CKD, Jones et al8 reported that the overall CKD-AA preva-
lence rate in the UK was 22%,9 whereas it was 15% in the
USA.10 Other countries showed different prevalence; in
China, in stage I, it was 46 to 53%,which increased to 70 to
90% in stage V.11 It has been stated that the prevalence of
CKD-AA is higher among CKD patients who have died as a
result of CKD-AA cardiac complications.12

Pathophysiology

Hepcidin is an essential regulatory protein, controlling
intestinal iron absorption and iron distribution throughout
the body, and it is the primary regulator of iron metabo-
lism.13 High-circulating hepcidin reduces iron absorption in
response to oral or intravenous (IV) iron. It is formed and
secreted mainly by the liver and the β-cells of the pancreas,
controlling intestinal iron absorption and managing iron
stores in the body.14 Hypoglycemia stimulates hepcidin
formation and is released by pancreatic β-cells.15 It is
believed that iron overload occurs in hepcidin deficiency,
increasing β-cell apoptosis.16 Inflammatory responses
happen in the early phase of CKD, manifesting by releasing
pro-inflammatory cytokines, acute phase reactants, and
hepcidin in CKD patients.17

Hepcidin formation and secretion are affected by many
factors, including hypoxia, anemia, serum erythropoietin
(EPO), transferrin saturation, and liver iron load in CKD
patients.18 Clearance of hepcidin is primarily by the
kidneys, and the serum level of prohepcidin, hepcidin,
and hepcidin metabolite concentrations are increased in
CKD and dialysis patients.17 It was reported that stimula-
tion of erythropoiesis by EPO hormone (EPO-H) decreases
serum hepcidin, enhancing iron absorption, mobilization,
and utilization.19

Hypoxia is not uncommon in CKD patients. Hypoxia
reduces serum hepcidin via hypoxia-inducible factor
(HIF).20 HIF works as a transcriptional activator to sense
and adapt the cellular response to oxygen availability.

Hypoxia directly affects intestinal iron absorption. Anemic
hypoxia stimulates the hypoxia HIF/hypoxia response
element (HRE) system. Hydroxylase enzyme activity
reduces hypoxic status, leading to HIF-1α building with
HIF-1β, presenting the HRE to the target gene promoters.
Similarly, the stability of HIF-2α is affected by the partial
pressure of oxygen via the altered activity of prolyl
hydroxylase. HIF-2α has a role in hypoxic EPO expression
signals.21 HIF system is a negative modulator for hepcidin,
stimulates erythropoiesis, and increases iron utilization.
Furthermore, hypoxia downregulates hepcidin and
induces oxidative stress, diminishing hepcidin expres-
sion.22,23 In the late stages of CKD, Idris et al reported
that the most common type of CKD-AA in type 2 diabetes
mellitus was normocytic normochromic.24 The anemia is
mainly due to the reduction in EPO-H synthesis by the
kidneys and/or poor response to EPO-H.25 Iron is essential
in cell metabolism, and it is necessary for oxygen trans-
portation by Hb.

Causes of Anemia in CKD Patients (►Table 1)

CKD-AA is due to EPO-H deficiency, but iron, vitamin B12,
and folic acid deficiency can cause anemia in CKD patients.
However, secondary parathyroids’ increased activity and
uremic bone marrow suppression, including other common
associated chronic diseases, are also contributory causes of
CKD-AA. Iron deficiency anemia in CKD patients occurs
either due to real (absolute or true) and/or functional iron
deficiency. Actual iron deficiency anemia is due to the
absence of or severe reduction in iron stores in the spleen,
liver, and bone marrow. On the contrary, in functional iron
deficiency, the iron body storage is either normal or
increased, but the iron is not accessible for red blood cell
(RBC) production.12 The main reasons for functional iron
deficiency are the increased serum hepcidin in CKD patients
and the decreased ability of the body to use the stored iron in
reticuloendothelial cells.

Table 1 Causes of chronic kidney disease-associated anemia and the underlying mechanism of the cause

Causes of anemia in CKD Mechanism

1. Decreased serum EPO Due to progressive damage of the kidneys

2. Increased serum hepcidin Due to:
a. Progressive GFR reduction that causes low hepcidin clearance
b. Increased IL-6 due to an inflammatory response

Increased serum hepcidin causes a. Macrophage’s iron sequestration
b. RBC production
c. Response to EPO therapy
d. Duodenal iron absorption

3. Iron loss Bleeding mostly due to uremic platelet dysfunction and uremic gastritis

4. Decreased RBC life span Due to uremic status and inflammatory process

5. RBC production reduction in the
associated acute inflammatory process

Due to increased inflammatory cytokines

Abbreviations: CKD, chronic kidney disease; EPO, erythropoietin;GFR, glomerular filtration rate; IL-6, interleukin;RBC,red blood cell.
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Hemoglobin (Hb) Monitoring and Diagnosis
(►Fig. 1)

Kidney Disease Improving Global Outcomes (KDIGO) guide-
lines noted no indications for regular check-ups for anemia,5

and Hb level is assessed only when clinically indicated, or at
least annually in CKD stage III and twice a year in CKD stages
IV to V nondialyzed patients. On the other hand, the KDIGO
recommendation is to assess the Hb level only when clini-
cally indicated for anemic CKD patients who are not treated
with an erythropoiesis stimulating agent (ESA). At least every
3 months in CKD stages III to V, patients are not started on
regular HD. Iron status of the patient should be assessed in
CKD patients, while iron deficiency anemia is not uncom-
mon, and diagnosis of iron deficiency anemia is suspected
when the transferrin saturation (TSAT) is �20% with low
serum iron.

The World Health Organization, Kidney Disease Improv-
ing Global Outcomes (KDOQI) guidelines, and the European
Renal Best Practice (ERBP) group recommendation agreed
that anemia in CKD patients means a reduction in Hb to
<13g/dL in men and <12g/dL in women.5 Gafter-Gvili et al
reported that anemia investigation should be conducted in
CKD patients when Hb <13.5 g/dL in adult males <70 years
(�13.2 g/dL in men >70 years) and <12.0 g/dL in adult
females.26 It is recommended that all CKD patients with an
eGFR of <60mL/min/1.73 m2 must be checked for anemia,
and the underlying causes should be explored.26 (►Fig. 1)

Treatment (►Fig. 1)

Iron Replacement
Iron therapy is initiated with an absolute iron deficiency
(TSAT<20% and serum ferritin<100 ng/mL) or if Hb concen-
tration does not increase with ESA treatment. Oral and/or IV
iron supplementation can be used. IV iron is recommended
when the TSAT and serum ferritin is less than 30% and
500ng/mL, respectively.4 It is claimed that IV iron is better
tolerated, given in higher doses, and efficiently replaces iron
deficiency.27 Moreover, IV iron attains a continuous persis-
tent Hb response than oral iron supplementation, lowering
the need for blood transfusion;28 however, allergic reactions
can occur.

KDIGO, KDOQI, and ERBP urge iron supplementation in
CKD-AA. However, the exact points of initiation of iron
supplementationbasedon ferritin and TSAT levels are variable
between the guidelines. Most guidelines agree that IV iron
supplementation is better in patients on dialysis. On the other
hand, IV and oral iron can be given to CKD stages IIIto V
patients. A 1 to 3-month trial of oral iron therapy can be used
primarily if Hb concentration increases without EPO-H treat-
ment and the anemia symptoms are improving.26Although IV
iron is accepted by the KDIGO, the KDOQI commentary group
reported concerns about IV iron infusion in CKD patients.28

The ERBP group guidelines recommended oral iron supple-
mentation in nonhemodialyzed CKD patients, particularly in
CKDstages II and III patients.However, supplementation shifts
to IV iron if the oral iron is intolerable or not enough to achieve
the desired response.

National Institute for Health and Care Excellence guide-
line recommends oral iron supplements for CKD patients
who had not received EPO-H. However, IV iron can be used
for patients who do not tolerate oral iron or have not reached
the therapeutic target during the first 3 months of oral iron
supplementation.29 The safety of IV iron is not different from
oral iron therapy. Furthermore, there are no significant
differences in side effects and infection rates between these
two routes.29 However, it was noted that the early introduc-
tion of IV iron before initiating dialysis was more valuable
than oral iron therapy.30 Although there are conflicting
reports about the superiority of one iron supplementation
route over the other, the IV iron supplementation seems
preferable as it rapidly replaces the iron deficit and is given in
intermittent doses. On the other hand, oral iron is taken daily,
needs practical intestinal absorption ability, and often causes
constipation, leading to the patient’s poor compliance.

EPO-H Replacement Indications and Benefits
The kidneys and liver produce EPO-H, which stimulates
erythropoiesis by the bone marrow. EPO-H is a glycoprotein
hormone that acts via the second messenger pathway,
stimulating cell precursor proliferation, differentiation,
and maturation.31 It was noted that the administration of
EPO-H in nonsevere CKD-AA patients impairs CKD progres-
sion and postpones the early initiation of dialysis.32 The
concept of EPO-H-specific effect on the erythroid progenitor
cells encouraged the scientists to study EPO-H receptors in

Fig. 1 Chronic kidney disease-associated anemia(CKD-AA) diagnosis
and treatment. ESA, erythropoiesis stimulating agent; GIT, gastroin-
testinal tract; Hb, hemoglobin.
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renal tubular, mesangial, and collecting duct, and other cells
in the kidneys.33 Furthermore, there is evidence that EPO-H
has cellular-protective effects in the heart, kidneys, brain,
and vascular bed via regulating mitosis, reducing oxidative
stress, inhibiting apoptosis, and promoting vascular
repair.34 Furthermore, it has been reported that EPO-H
enhances the revival in acute kidney injury (AKI), and it
improves proteinuria and blood biomarkers of kidney injury
in CKD patients.35ESAs have essential protective effects on
the kidneys and improve the prognosis in CKD patients.36

These effects of ESAs were not supported by a study that
reported EPO-receptor (EPO-R) protein was almost unde-
tectable in renal cells, and there was no evidence of EPO-R
expression and function in the studied group.36 Further-
more, it was observed that ESAs did not improve renal
function in AKI.37

In renal hypoxia, the kidney interstitial fibroblasts pro-
duce EPO-H, preventing renal interstitial fibrosis.38 It was
reported that EPO administration impairs fibrocyte activity,
inhibiting renal interstitial fibrosis.38 Conversely, it was
reported that ESAs reactivate renal EPO-producing cells to
produce EPO-H without significant effect on renal fibrosis
and/or inflammation.39 It seems that the EPO-R activators
and EPO-H have a tissue-protective effect.40 There are
disagreements about the effects of EPO-H and its analogs
to improve renal fibrosis. Hence, new studies are needed to
investigate the beneficial effect of ESAs on kidney cell
regeneration and the prevention of kidney cell damage.
Additionally, it is deemed that EPO has a role in renal fibrosis
improvement and prevention, though the mechanism(s) is/
are not clear. Therefore, studies are required to elucidate
these mechanisms further.

Apoptosis is a spontaneous process that maintains the
internal environment stability via mitochondrial-, endoplas-
mic reticulum-, and death receptor-mediated mechanism,41

inducing fibrosis and renal tissue damage. It has been
claimed that EPO-H has anti-apoptotic effects.42 Hence,
apoptosis inhibition may downregulate renal interstitial
fibrosis, improving CKD-AA.

Persistent inflammation is a feature in CKD, causing
interstitial fibrosis.43 EPO-H treatment decreases inflamma-
tion due to injuries, toxins, and hypoxia by inhibiting tumor
necrosis factor-α, interleukin (IL)-1b, and IL-10 production.44

EPO-H in the proper doses improves anemia, but higher
doses are associated with increased major cardiovascular
events in 1-year therapy.45

Autophagy is a cell self-degradation by which the
damaged organelles and macromolecules are destroyed.
Autophagy reduces the number of aged cells and prevents
the incidence of tissue fibrosis via different mechanisms.46

However, extensive autophagy may cause different patho-
logical changes.47 ESA therapy enhances normal autophagy
and prevents renal interstitial fibrosis,48 decreasing CKD
progression and CKD-AA risk. New studies are required to
explore this and find new agents impairing the abnormal
autophagy process.

Hypoxia-inducible factor prolyl hydroxylase (HIF-PH)
enzyme inhibitors such as roxadustat, vadadustat, daprodu-

stat, and solid-state are oral agents under testing for CKD-AA
treatment.49 The HIF-PH inhibitors act by stimulating EPO-H
production via maintaining HIF complex stability. They have
some cardiovascular side effects. These agents are still under
trial and are not approved for use yet.

CKD-AA Outcome

The target of CKD-AA treatment is to improve the symp-
toms of anemia, decrease blood transfusion complications,
and prevent cardiovascular complications. Although the
epidemiological study reported better outcomes when
Hb normalized or was at least near the normal Hb concen-
tration,50 another study denied full anemia correction.51

Generally, the strategy of targeting normal Hb concentra-
tion is not usually beneficial and may be associated with
potential harm to some patients, increasing mortality and/
or cardiovascular events. Determining Hb cut-off values in
CKD patients needs a longer duration and more extensive
studies.

Conclusions

CKD-AA is common in nondialyzed and dialyzed CKD
patients. It occurs as early as eGFR drops below 60mL/
min/1.73 m2. CKD-AA might be due to functional and/or
absolute iron, EPO-H deficiency, frequent blood extraction,
gut blood loss, etc. Most of the published guidelines rec-
ommend IV iron, but some guidelines recommend a trial of
oral iron, but if the oral supplement does not improve the
anemia, IV iron must be used, mainly in CKD stages II and
III. The preference for IV iron therapy, especially in absolute
iron deficiency anemia, is established in some studies, but
its absolute superiority, effectivity, adverse effects, and
safety are not superior to oral iron in some reported
studies. More studies are required to investigate these
issues.

EPO-H, EPO-H analogs, ESAs, and others are used for Hb
correction. However, it has been thought that they may
prevent kidney fibrosis, but there are conflicting reports
about their role as renoprotective and their effect to improve
renal interstitial fibrosis. Therefore, new studies are urged to
understand the mechanism(s) of these renoprotective and
reno-repair effects and how these effects can reduce CKD-AA
prevalence and cardiovascular complications.
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