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N 2019, THE Centers for Disease Control and Prevention estimated that more than 1 in 7 (15%) adults in
the United States have chronic kidney disease (CKD).1 A
common comorbidity of CKD is anemia. The type of anemia seen in patients with CKD is normocytic, normochromic, and hypoproliferative.2 Early studies showed that the
main cause for CKD anemia was from erythropoietin
(EPO) deficiency. Damaged kidneys, as seen in CKD, do
not produce enough EPO, resulting in decreased production of red blood cells by the bone marrow.
The use of erythropoiesis-stimulating agents (ESAs) was
endorsed by the National Kidney Disease Outcomes Quality Initiative in their first anemia in CKD treatment guidelines. ESAs were used to reach normal hemoglobin (Hgb)
levels by imitating EPO to stimulate red blood cell production. Patients with CKD benefited from ESA use as it
reduced their dependence on blood transfusions.3 However, treating anemia in CKD patients with ESAs increased
their risk for hypertension, seizures, and dialysis access clotting. No improvement has been seen with ESA use in the
progression of kidney disease, cardiovascular events, hospitalizations, and mortality. It was also discovered that
approximately 10-20% of patients with anemia of CKD
are resistant to ESAs.2
Treatment with ESA can be limited by iron deficiency.
Therefore, supplementation has been used to treat the deficiency, either orally or intravenously (IV). The Kidney Disease: Improving Global Outcomes, National Kidney
Disease Outcomes Quality Initiative guidelines, and the
European Renal Best Practice recommend iron supplementation in those with CKD anemia and iron deficiency.
In patients receiving dialysis, these groups support the use
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of IV iron. In patients not dependent on dialysis, both IV
and oral supplementation are appropriate. Oral iron is
cheaper and more accessible but has been linked to
increased GI side effects. Both are able to increase Hgb
levels; however, IV iron can be tolerated in larger doses
and sustain a better Hgb level decreasing the need for transfusions. The potential risks associated with IV iron include
anaphylaxis and bacterial line infections. While there are
risks, IV iron was thought to decrease the use of ESAs to
increase Hgb.4
Initially, it was believed that aiming for normal healthy
adult Hgb levels by utilizing higher doses of ESAs would
treat anemia. However, it has been documented that using
higher doses of ESAs may be the main contributing factor
to the adverse effects seen in a multitude of studies. With
this new research, the US Food and Drug Administration
updated its ESA dosage recommendation in June 2011.
The new labeling of ESA no longer supports aiming for
Hgb levels between 10 and 12 g/dL. Instead, it is recommended that patients now have Hgb concentrations below
10 g/dL and are symptomatic to start ESA therapy.3 Scientific advances in the study of CKD-associated anemia have
created new interest in understanding the pathophysiology
of anemia with the hopes of discovering more targeted
therapies.2
Recent studies suggest the impaired dietary absorption
of iron present in patients with CKD is caused by an excess
of hepcidin, the main hormone regulating iron homeostasis
throughout the body. Hepcidin is increased with inflammatory diseases such as CKD, as cytokines are present and
stimulate the transcription of hepcidin. Excess hepcidin
has been found to interfere with the absorption of iron in
patients with CKD by deteriorating ferroportin and preventing the movement of iron into the plasma. Therefore,
it has been suggested, to treat CKD anemia, preventing
excess hepcidin is a crucial step. Blocking hepcidin could
improve the absorption of iron from dietary sources and
one’s body stores.2
Hepcidin expression is limited by EPO. The production
of EPO can be stimulated by hypoxia-inducible factor
(HIF) accumulation. HIF plays a role in the homeostasis
of oxygen. This transcription factor activates gene expressions to protect against cell damage and restore balance as
blood oxygen levels drop because of CKD-associated
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anemia. For HIF to accumulate, it must be stabilized by
suppressing hypoxia-inducible factor prolyl hydroxylase
(HIF-PH). HIF promotes iron uptake and transport which
stimulates EPO production, increased iron availability, and
the maturation of erythrocytes.5
HIF-PH inhibitors are now undergoing clinical trials as a
treatment for anemia in CKD. Studies of HIF-PH inhibitors have found to increase endogenous EPO to a level
similar to the normal physiological range, without
increasing hypertension or thrombosis of patients with
CKD not on dialysis. This leads researchers to consider
that HIF-PH inhibitors may be able to avoid the risks associated with ESA use.5 The possible risks associated with
HIF-PH inhibitors revolve around concern for the other
genes, unrelated to anemia, that are regulated by HIF and
the effect HIF-PH inhibitors may have on tumor growth.5
Further long-term studies are needed to provide enough
evidence on the success and safety of HIF-PH inhibitors.
In summary, anemia is a common feature of CKD and is
often associated with poor outcomes. Successful treatment
of CKD anemia has the potential to improve quality of life
and decrease the risk of morbidity and mortality. Supplementation is used to treat the iron deficiency seen in these
patients, either orally or intravenously. In patients with
CKD receiving dialysis, IV iron is most supported. In patients not dependent on dialysis, both IV and oral supplementation are appropriate.4 The current treatment of
anemia in patients with CKD is controversial and varies
in effectiveness. Historically, ESAs were the most widely
used course of action, but recent clinical trials have shown
increased risk factors with ESA use.2 Studies have begun to
further examine the pathophysiology of anemia of CKD to
develop better treatments. The most current research is

examining the effect of HIF-PH inhibitors as a potential
treatment for anemia in CKD. They are thought to minimize the morbidity and mortality risks commonly associated with ESA use.5 However, further studies into the
long-term effects of all potential treatments of CKDassociated anemia are warranted to further develop
evidence-based treatment plans.
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