
causes of iron deficiency in people with
chronic kidney disease
The causes of iron deficiency in people with chronic kidney disease are multifaceted and can
significantly impact patient health and treatment outcomes. Chronic kidney disease (CKD) presents a
unique challenge in managing iron status due to a complex interplay of factors that lead to
insufficient iron absorption and increased iron loss. Understanding these underlying reasons is crucial
for healthcare providers to implement effective diagnostic and therapeutic strategies, including iron
supplementation and erythropoiesis-stimulating agents (ESAs). This article will delve into the primary
mechanisms contributing to iron deficiency in CKD patients, exploring impaired absorption, increased
losses, reduced production, and the role of inflammation.
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Reduced Iron Absorption in CKD

A significant contributor to iron deficiency in individuals with chronic kidney disease is the impaired
absorption of iron from the gastrointestinal tract. This malabsorption can be a consequence of several
factors inherent to CKD itself or related to its management. The primary pathway for iron absorption
occurs in the duodenum, and any compromise to this area can lead to reduced iron uptake.

One key mechanism involves the altered expression and function of duodenal iron transporters. In
CKD, there can be a downregulation of DMT1 (divalent metal transporter 1), a protein crucial for iron
uptake into enterocytes. This reduction in functional transporters directly limits the amount of dietary
iron that can be absorbed into the bloodstream. Furthermore, uremic toxins, which accumulate in the
blood of CKD patients, may directly interfere with the integrity and function of the intestinal lining,
further hindering nutrient absorption, including iron.

Dietary iron exists in two main forms: heme iron, found in animal products, and non-heme iron, found
in plant-based foods. While heme iron absorption is generally more efficient and less affected by other
dietary components, non-heme iron absorption is highly sensitive to various factors. In CKD,
conditions that promote the formation of insoluble iron compounds or that compete for absorption can
exacerbate the problem. Even with adequate dietary iron intake, the compromised absorptive
capacity can lead to a net negative iron balance.



Increased Iron Losses in CKD Patients

Beyond impaired absorption, CKD patients are particularly susceptible to increased iron losses
through various routes. These losses can be subtle and chronic, gradually depleting iron stores over
time, or they can be more acute and significant. Identifying and mitigating these sources of iron loss
is paramount in preventing and treating iron deficiency anemia in this population.

Gastrointestinal Bleeding

Gastrointestinal bleeding is a common and insidious cause of iron loss in CKD. The higher prevalence
of gastrointestinal issues, such as peptic ulcers, gastritis, and diverticulosis, in CKD patients
contributes to this problem. Moreover, the use of anticoagulants and antiplatelet medications, often
prescribed to manage cardiovascular comorbidities in CKD patients, can increase the risk and severity
of bleeding episodes from the GI tract. Even small, chronic, unnoticed bleeds can lead to a substantial
loss of iron over time, as iron is a critical component of hemoglobin within red blood cells.

Blood Loss During Dialysis

For patients undergoing hemodialysis, blood loss during treatment is a significant factor contributing
to iron deficiency. Dialysis procedures, by their very nature, involve the extracorporeal circulation of
blood. While modern dialysis techniques are highly refined, some degree of blood loss can occur
during the process. This can happen due to:

Incomplete emptying of the dialyzer and bloodlines at the end of treatment.

Bleeding from the vascular access site (fistula, graft, or catheter).

Minor leaks within the dialysis circuit.

Small amounts of blood lost in laboratory samples drawn during dialysis.

While each instance of loss may be small, the cumulative effect of repeated dialysis sessions can lead
to significant iron depletion over weeks and months. This makes diligent monitoring of iron status and
often requires proactive iron supplementation for dialysis patients.

Increased Red Blood Cell Turnover

Chronic inflammation and the uremic environment in CKD can lead to increased destruction of red
blood cells, a process known as hemolysis. Damaged red blood cells are cleared from circulation more
rapidly, and the iron contained within them is not always efficiently recycled back into the bone
marrow for new red blood cell production. This inefficient reutilization of iron contributes to a net loss
of iron from the body's functional iron pool.



Erythropoiesis and Iron Utilization in Chronic Kidney
Disease

The process of erythropoiesis, the production of red blood cells, is intimately linked to iron availability
and utilization. In CKD, this process is often severely compromised, not only due to iron deficiency
itself but also due to the direct effects of the disease on the bone marrow and the production of
erythropoietin (EPO).

Iron is an essential component of hemoglobin, the protein within red blood cells responsible for
oxygen transport. Without sufficient iron, the bone marrow cannot produce adequate amounts of
hemoglobin, leading to anemia. In CKD patients, even if iron stores are present, the bone marrow's
ability to utilize this iron effectively for erythropoiesis can be impaired. This is further compounded by
the reduced production of erythropoiesis-stimulating agents (ESAs) by the damaged kidneys. ESAs
signal the bone marrow to produce more red blood cells, and in their absence, erythropoiesis is
suppressed. When ESAs are administered to treat anemia of CKD, they stimulate red blood cell
production, which rapidly increases the demand for iron. If iron stores are insufficient or absorption is
poor, the increased demand cannot be met, exacerbating or unmasking an existing iron deficiency.

Functional iron deficiency, a concept particularly relevant in CKD, occurs when iron stores are
adequate but cannot be released for erythropoiesis. This often stems from the effects of inflammation
and hepcidin, which will be discussed further. In essence, the body has iron, but it's locked away and
unavailable for the bone marrow to use.

Inflammation and Hepcidin's Role in Iron Metabolism

Inflammation is a hallmark of chronic kidney disease and plays a pivotal role in exacerbating iron
deficiency through its effects on hepcidin, the master regulator of systemic iron homeostasis.

Hepcidin is a hormone produced by the liver that regulates iron absorption from the intestine and iron
release from macrophages and hepatocytes. When inflammation is present, hepcidin levels rise.
Elevated hepcidin acts by binding to ferroportin, the sole known cellular iron exporter, leading to its
degradation. This has two critical consequences for iron metabolism:

Reduced Intestinal Iron Absorption: By degrading ferroportin in intestinal enterocytes,
hepcidin prevents the release of absorbed iron into the bloodstream, effectively trapping it
within these cells, which are then shed and lost.

Impaired Iron Release from Stores: Hepcidin also reduces ferroportin expression in
macrophages and hepatocytes, hindering the release of stored iron (from recycled red blood
cells or dietary intake) into the circulation. This makes iron unavailable for erythropoiesis, even
if total body iron stores are sufficient.

In CKD patients, chronic inflammation, often driven by the uremic state and comorbidities, leads to
persistently elevated hepcidin levels. This effectively creates a state of functional iron deficiency,



where iron is present in the body but inaccessible for red blood cell production, making iron
supplementation challenging and necessitating careful management strategies.

Dietary Factors and Iron Intake in CKD

Dietary intake plays a foundational role in iron status, and for individuals with chronic kidney disease,
nutritional considerations are complex and often involve restrictions that can inadvertently impact
iron consumption.

CKD patients may be advised to limit certain foods due to electrolyte imbalances, potassium content,
or phosphorus levels. These dietary modifications can inadvertently reduce the intake of iron-rich
foods. For instance, recommendations to limit red meat, a primary source of highly absorbable heme
iron, can significantly decrease iron consumption. Similarly, advice to moderate intake of certain fruits
and vegetables, which can be good sources of non-heme iron, might also contribute to lower overall
iron intake.

Furthermore, the palatability and texture of food can be affected by the uremic state, leading to
reduced appetite and food intake. This generalized decrease in nutrient consumption means that iron
intake may fall below recommended levels, even if the patient is not specifically restricting iron-
containing foods. For patients on dialysis, food restrictions are often more stringent, further
complicating the ability to achieve adequate iron intake through diet alone.

Medications and Their Impact on Iron Levels

A variety of medications commonly prescribed to individuals with chronic kidney disease can directly
or indirectly influence iron levels and the risk of iron deficiency.

One of the most direct impacts comes from medications used to manage anemia in CKD, particularly
erythropoiesis-stimulating agents (ESAs). As mentioned previously, ESAs stimulate red blood cell
production, dramatically increasing the body's demand for iron. If iron stores are not adequate to
meet this increased demand, iron deficiency will develop or worsen. This is why iron supplementation,
often intravenously, is frequently co-administered with ESAs in CKD patients.

Another class of medications that can contribute to iron loss are those affecting gastrointestinal
health. Nonsteroidal anti-inflammatory drugs (NSAIDs), commonly used for pain and inflammation,
can irritate the gastric lining and lead to gastrointestinal bleeding. Similarly, certain anticoagulants
and antiplatelet agents, prescribed to manage cardiovascular risks inherent in CKD, can increase the
likelihood and severity of bleeding, including occult gastrointestinal losses.

Furthermore, some medications can interfere with nutrient absorption, although this is less commonly
cited as a primary cause of iron deficiency in CKD compared to other factors. However, it's an area
that warrants consideration in a comprehensive medication review. The cumulative effect of multiple
medications, each with potential influences on iron metabolism or iron-losing pathways, underscores
the importance of a thorough medication history and management plan in CKD patients to prevent



and address iron deficiency.

Q: Why is iron deficiency so common in people with chronic
kidney disease?
A: Iron deficiency is common in CKD due to a combination of factors including impaired iron
absorption, increased iron loss through gastrointestinal bleeding and dialysis, increased demand for
iron due to stimulated red blood cell production, and the negative regulatory effects of inflammation
on iron metabolism.

Q: How does inflammation in CKD contribute to iron
deficiency?
A: Inflammation in CKD leads to increased production of hepcidin, a hormone that reduces iron
absorption from the gut and prevents the release of stored iron from the liver and spleen into the
bloodstream, effectively making iron unavailable for red blood cell production.

Q: Can dialysis treatments themselves cause iron loss?
A: Yes, dialysis treatments can lead to iron loss through small amounts of blood remaining in the
dialyzer and tubing after treatment, bleeding from the vascular access site, and blood drawn for
laboratory tests during dialysis.

Q: Does a poor diet contribute to iron deficiency in CKD
patients?
A: Yes, dietary restrictions often necessary for CKD patients, as well as reduced appetite, can lead to
insufficient intake of iron-rich foods, contributing to iron deficiency.

Q: Are there specific medications that worsen iron deficiency
in CKD?
A: Medications like erythropoiesis-stimulating agents (ESAs) increase the demand for iron, and drugs
that can cause gastrointestinal bleeding, such as NSAIDs and anticoagulants, can worsen iron loss in
CKD patients.

Q: What is functional iron deficiency in the context of CKD?
A: Functional iron deficiency in CKD means that while total body iron stores may be adequate, the iron
is not readily available for use by the bone marrow for red blood cell production, often due to high
hepcidin levels caused by inflammation.



Q: Is it possible for CKD patients to absorb iron from their diet
effectively?
A: The absorption of iron from the diet can be significantly impaired in CKD patients due to the
presence of uremic toxins affecting the gut lining and altered expression of iron transporters in the
intestines.

Q: How does the body normally regulate iron, and how is this
process disrupted in CKD?
A: Normally, iron absorption and release are tightly regulated by hepcidin. In CKD, chronic
inflammation leads to persistently high hepcidin levels, disrupting this balance by trapping iron in
storage sites and reducing intestinal absorption.
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