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Excessive Iron as a Risk Factor for Stroke: Current
Evidence and Mechanisms

Emerging research provides compelling evidence that excessive iron in the body may
significantly increase stroke risk. This comprehensive analysis explores the relationship between
iron overload and stroke, examining the scientific evidence, underlying mechanisms, and
implications for prevention and treatment.

The Iron-Stroke Connection: Epidemiological and Genetic Evidence

Recent studies have established a significant association between elevated iron status and
increased stroke risk. Multiple lines of evidence support this relationship, ranging from
observational studies to more sophisticated genetic analyses.

Mendelian Randomization Studies

Mendelian randomization studies, which use genetic variants as instrumental variables, provide
some of the strongest evidence for a causal relationship between iron and stroke. These studies
overcome the limitations of traditional observational research by minimizing confounding factors.

A comprehensive Mendelian randomization study involving 48,972 subjects found that genetic
variants associated with higher iron status significantly increased stroke risk. The odds ratios
(OR) per standard deviation increase in genetically determined iron biomarkers showed
consistent detrimental effects: serum iron (OR 1.07), ferritin (OR 1.18), and transferrin saturation
(OR 1.06) A8l Thjs relationship was particularly strong for cardioembolic stroke, a common
subtype caused by blood clots originating in the heart 1 181

Another genetic study found that people with hereditary hemochromatosis, a condition
characterized by excessive iron absorption, face substantially higher stroke risks. Specifically,
individuals with two copies of the defective H63D gene had 2-3 times greater risk of
cerebrovascular disease and ischemic stroke compared to those without the mutation4l 5l This
genetic evidence provides compelling support for the role of iron in stroke pathophysiology.

Biomarker Studies and Clinical Observations

Multiple studies have examined the relationship between various iron biomarkers and stroke
outcomes:

1. Serum Ferritin Levels: High ferritin levels (=373 ng/mL) were associated with a 78.2%
higher risk of 30-day mortality in stroke patients, even after adjusting for multiple
confounding factors8l. Ferritin, as the primary iron storage protein in the body, serves as an
important indicator of iron status.



2. Transferrin Saturation: Research has identified a relationship between transferrin saturation
(TSAT) and stroke risk. One study revealed a U-shaped association in white women, where
both high (>44%) and low (<20%) transferrin saturation increased stroke risk compared to
moderate levels (30-36%)ZL. Higher TSAT was associated with poor functional outcomes
after ischemic strokel8l,

3. Iron-Loaded Transferrin: Experimental studies have demonstrated that iron-loaded
transferrin (holotransferrin) is detrimental to brain tissue during stroke, while iron-free
transferrin (apotransferrin) provides protection!2l. This suggests that not just total iron but
the form in which iron circulates affects stroke outcomes.

Mechanisms Linking Iron Overload to Stroke

Several pathophysiological mechanisms explain how excessive iron increases stroke risk and
worsens outcomes:

Blood-Brain Barrier Disruption

Iron overload significantly compromises the blood-brain barrier (BBB), a critical protective
boundary between the bloodstream and brain tissue. Research demonstrates that acute iron
overload aggravates BBB damage and hemorrhagic transformation after ischemic strokel10l,
Iron overload leads to reduced levels of tight junction proteins (ZO-1, Occludin, Claudin-5), which
are essential for maintaining BBB integrity 12l This barrier disruption allows potentially harmful
substances to enter the brain parenchyma, exacerbating damage.

Oxidative Stress and Inflammation

Excessive iron promotes oxidative stress through the generation of reactive oxygen species
(ROS), which damage cellular structures, proteins, and DNA LI |p experimental models, iron-
loaded transferrin boosts ROS production and harms neuronal cultures exposed to oxygen and
glucose deprivation, conditions that mimic strokel2l.

Iron also acts as an inflammatory mediator. Elevated ferritin levels reflect systemic inflammatory
responses that occur following strokel81[12l | This inflammatory cascade not only augments
neuronal injury but potentially precipitates systemic repercussions that influence overall
survivallél,

Cardiovascular Complications

Iron overload affects the cardiovascular system in ways that increase stroke risk:

1. Cardiac Dysfunction: Excess iron can lead to cardiomyopathy, arrhythmias, and heart
failure L D81 jron deposition in the heart disrupts both mechanical function and electrical
activity, with studies showing that chronic iron overload induces prolonged PR-intervals,
heart block, and atrial fibrillation M,

2. Arrhythmogenesis: Iron directly interferes with ion channels in cardiomyocytes, including L-
type calcium channels, ryanodine-sensitive calcium channels, voltage-gated sodium



channels, and delayed rectifier potassium channelsl. Atrial fibrillation, which is more
common with iron overload, significantly increases the risk of cardioembolic stroke 1l [14],

3. Blood Viscosity: Increased blood iron concentration may lead to higher blood viscosity,
potentially resulting in thrombosis (blood clots)15l. This mechanism directly connects iron
levels with stroke pathophysiology.

Hemodynamic Effects

Research suggests that iron status may influence blood pressure, with diastolic blood pressure
potentially mediating 7-8 % of the total effect of iron status on cardioembolic ischemic strokel4l
This hemodynamic pathway represents another mechanism through which iron affects stroke
risk.

Clinical Implications and Therapeutic Considerations

The established relationship between excessive iron and stroke has important implications for
clinical practice and preventive strategies.

Iron Status as a Prognostic Marker

Serum ferritin levels have emerged as valuable prognostic indicators in stroke management.
Studies demonstrate that elevated ferritin levels can predict stroke severity, neurological
deterioration, and poor functional outcomes[€1112l ROC curve analyses revealed that serum
ferritin levels serve as significant predictors of adverse outcomes in stroke patients, with area
under curve values of 0.897 for severity predictionl2l.

Iron-Targeted Interventions

Experimental evidence suggests potential therapeutic approaches targeting iron metabolism:

1. Iron Chelation: Administering iron chelators (compounds that bind excess iron) reduced
hemorrhage extension and BBB damage in experimental stroke models . This approach
may help mitigate the detrimental effects of iron overload.

2. Apotransferrin Supplementation: Administration of iron-free transferrin (apotransferrin)
was neuroprotective in experimental stroke models, whereas increasing transferrin
saturation with iron-loaded transferrin was detrimental®l. This suggests potential
therapeutic value in modulating transferrin saturation.

3. Blood Donation: For patients with hereditary hemochromatosis, regular blood donation to
remove excess iron represents a simple yet effective treatment to reduce iron stores®. This
approach may potentially reduce stroke risk in susceptible individuals.

Conclusion

The cumulative evidence strongly supports excessive iron as a risk factor for stroke, particularly
cardioembolic stroke. Multiple mechanisms link iron overload to stroke pathophysiology,
including oxidative stress, blood-brain barrier disruption, cardiovascular complications, and



hemodynamic effects. The relationship appears causal, as demonstrated by Mendelian
randomization studies that control for potential confounders.

These findings suggest that maintaining optimal iron homeostasis may be an important yet
underappreciated aspect of stroke prevention. For high-risk individuals, monitoring iron status
and addressing iron overload could potentially reduce stroke incidence and improve outcomes
after stroke. Future research should focus on developing targeted interventions that modulate
iron metabolism to prevent stroke and improve recovery following cerebrovascular events.
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