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The Bidirectional Relationship Between Iron and
Vitamin D: Mechanisms and Clinical Implications

Emerging research has revealed complex and clinically significant interactions between vitamin
D and iron metabolism. Both nutrients are essential for optimal health, with deficiencies leading
to significant public health concerns worldwide. This report explores the bidirectional relationship
between iron and vitamin D, examining how each affects the other's metabolism, the
mechanisms underlying these interactions, and their clinical implications.

Vitamin D's Influence on Iron Metabolism

Vitamin D plays a crucial role in regulating iron homeostasis through several interconnected
mechanisms. At the center of this relationship is vitamin D's ability to modulate the expression of
hepcidin, the master iron regulatory hormone.

Hepcidin Regulation

Vitamin D appears to directly suppress hepcidin gene (HAMP) expression through the binding of
1,25-dihydroxyvitamin D (the active form of vitamin D) to the vitamin D receptor complex. This
complex then binds to the vitamin D response element on the hepcidin gene, inhibiting its
transcriptionﬂl. In a pilot study with healthy volunteers, a single oral dose of vitamin D (100,000
IU vitamin D2) increased serum 25D-hydroxyvitamin D levels and was associated with a 34%
decrease in circulating hepcidin within 24 hourstl.

Hepcidin serves as a critical regulator of systemic iron by blocking absorption of iron in the
intestine and preventing iron release from cells. When hepcidin levels increase, they reduce iron
availability for essential processes like red blood cell productionm. By suppressing hepcidin,
vitamin D effectively enhances iron availability throughout the body.

Anti-inflammatory Effects

Vitamin D also influences iron metabolism through its anti-inflammatory properties. Inflammation
increases hepcidin levels as a protective measure during infection or inflammatory conditions[2l.
By reducing pro-inflammatory cytokines (particularly IL-6 and IL-1B), vitamin D indirectly allows

for greater iron absorption3l 14l This mechanism is particularly relevant in the context of anemia
of inflammation, where inflammatory processes drive iron restriction.

Impact on Iron Transport Proteins

Studies have demonstrated that vitamin D supplementation is associated with increased
expression of ferroportin, the cellular iron exporter proteinIél [4]  This effect complements vitamin
D's hepcidin-suppressing action, as hepcidin functions by binding to ferroportin and causing its



degradation. The resulting increase in ferroportin expression enhances cellular iron export,
making more iron available for processes like erythropoiesisel.

Iron's Role in Vitamin D Metabolism

While vitamin D affects iron homeostasis, iron is equally essential for optimal vitamin D
metabolism, creating a truly bidirectional relationship.

Iron-Dependent Vitamin D Activation

The activation of vitamin D requires two hydroxylation steps, both performed by cytochrome
P450 mixed-function oxidases (CYPs)Z. These enzymes are iron-dependent, requiring heme
as a cofactor for their function. The three main steps in vitamin D metabolism-25-hydroxylation,
1a-hydroxylation, and 24-hydroxylation-all depend on these iron-containing enzymes{Zl.

Most critically, 1a-hydroxylase (CYP27B1), which converts 25-hydroxyvitamin D to the active
1,25-dihydroxyvitamin D form, is an iron-dependent enzyme 8118l | ocated primarily in the
proximal tubule of the kidney, this enzyme requires iron for optimal function9l. ron deficiency
may therefore impair the activation of vitamin D, contributing to functional vitamin D deficiency
even when 25-hydroxyvitamin D levels appear adequateﬁlml.

FGF23 Pathway

Fibroblast growth factor 23 (FGF23) represents another link between iron and vitamin D
metabolism. Iron deficiency anemia has been associated with increased FGF23 levels[12l
Elevated FGF23 can suppress the 1a-hydroxylation of vitamin D, potentially reducing active
vitamin D levels[31 13 This suggests that iron deficiency might indirectly affect vitamin D
metabolism through the FGF23 pathway.

Electron Transport System

The electron donor chain for mitochondrial CYP enzymes involved in vitamin D metabolism
includes ferredoxin and ferredoxin reductaselZl. These iron-sulfur proteins are essential
components of the electron transport system required for CYP enzyme function. Iron deficiency
could potentially impact this electron transport system, further compromising vitamin D
activation&l.

Bidirectional Clinical Associations

Epidemiological evidence strongly supports the interaction between vitamin D and iron status
across various populations.

Prevalence of Dual Deficiencies

Vitamin D and iron deficiency are two of the most common nutrient deficiencies worldwide 3l
Approximately 23% and 52% of children living in Africa are estimated to have vitamin D and iron
deficiency, respectively [3l. Studies have found that these deficiencies frequently coexist,
suggesting common risk factors or potential interactions between the nutrients.



Iron Status and Vitamin D Deficiency

Multiple observational studies have reported positive correlations between iron status and
vitamin D levels[4l B | 5 study of African children, those with 25(OH)D concentrations
below 50 nmol/L had a 98% increased risk of iron deficiency compared to children with 25(OH)D
concentrations above 75 nmol/L L, Similarly, iron deficient children showed higher prevalence of
vitamin D deficiency compared to iron-replete children3l,

Vitamin D and Anemia

Low vitamin D status has been associated with an increased risk of anemia, particularly anemia
of inflammation{2l 121, This connection relates to vitamin D's role in regulating hepcidin and
inflammatory cytokines, which influence iron availability for erythropoiesis2l. Although the direct
relationship between vitamin D and hemoglobin levels can vary, vitamin D sufficiency appears to
support better hematological parameters overall 13l [6]

Mechanisms Underlying the Interactions

The molecular pathways connecting iron and vitamin D metabolism are complex and
multifaceted.

The Hepcidin-Ferroportin Axis

The hepcidin-ferroportin regulatory system represents a central mechanism through which
vitamin D influences iron homeostasis!l. Vitamin D suppresses hepcidin transcription,
preventing hepcidin from binding to ferroportinIll 18] This allows ferroportin to remain active on
cell surfaces, facilitating iron export from enterocytes, hepatocytes, and macrophages into the
circulation. The resulting increase in systemic iron availability supports essential processes like
erythropoiesis.

Inflammation as a Common Mediator

Inflammation negatively impacts both vitamin D and iron metabolism, serving as a common
modulator of both nutrients 3l 41 Inflammatory cytokines increase hepcidin expression, limiting
iron availability, while also potentially affecting vitamin D metabolism5l 161, vitamin D's anti-
inflammatory properties may therefore benefit iron homeostasis by reducing the inflammatory
burden that restricts iron availability 141,

Intestinal Transport Systems

The expression and function of intestinal iron transporters, including divalent metal transporter 1
(DMT1) and ferroportin 1 (FPN1), are crucial for iron absorption[Z1 161 Some evidence suggests
that vitamin D status may influence the expression of these transporters, potentially enhancing
iron absorption efficiency 818 |n iron deficiency, both DMT1 and FPN1 expression typically
increase to maximize absorption, but this adaptive response may be compromised in vitamin D
deficiency 18l



Clinical and Therapeutic Implications

The interactions between iron and vitamin D have important implications for clinical practice and
public health strategies.

Supplementation Strategies

Understanding the relationship between iron and vitamin D suggests that addressing both
deficiencies may be more effective than targeting either in isolation3l. A systematic review
found that vitamin D supplementation significantly increased hemoglobin levels in patients with
chronic kidney disease, particularly after 12 and 18 months of supplementation 13l

It's generally considered safe to take iron and vitamin D supplements together, although proper
timing may optimize absorptionl28l. Since iron is a cofactor for vitamin D-activating enzymes,
correcting iron deficiency might enhance the body's ability to utilize vitamin D effectively 11 191,

Considerations in Special Populations

The iron-vitamin D relationship may be particularly relevant in populations at high risk for
deficiencies, including pregnant women, infants, adolescents, and the elderlyﬁlm. In pediatric
populations, vitamin D deficiency has been associated with increased risk of iron deficiency
anemia, suggesting that monitoring both nutrients may be beneficial for children's health 31121,

In patients with chronic kidney disease or inflammatory bowel disease, where both deficiencies
are common, addressing vitamin D status may help improve iron parameters and reduce
anemia 31 [81 |n these populations, vitamin D supplementation may reduce requirements for
erythropoiesis-stimulating agents by enhancing iron availability [41.

Conclusion

The relationship between iron and vitamin D represents a classic example of nutritional
interdependence, where each nutrient influences the metabolism and function of the other.
Vitamin D regulates iron homeostasis primarily through hepcidin suppression and anti-
inflammatory effects, while iron serves as an essential cofactor for the enzymes that activate
vitamin D.

This bidirectional relationship has significant clinical implications, particularly for the
management of anemia and metabolic bone disorders. The evidence suggests that considering
both nutrients together may improve outcomes in conditions where deficiencies are common.

Future research should focus on establishing optimal supplementation strategies that account
for these interactions and determining whether addressing one deficiency can ameliorate the
other. As our understanding of these interactions deepens, more targeted and effective
nutritional interventions will become possible, potentially improving public health outcomes
worldwide.
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