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Hour 1 

Objectives 

● Challenge prevailing assumptions about iron deficiency 

● Introduce paradox: low serum iron ≠ low body iron 

● Frame iron as a redox-active inflammatory catalyst 

Key Points 

● Iron = essential but biologically dangerous when unregulated 

● Evolutionary principle: iron tightly controlled to limit pathogen growth 

● Introduce concept: “functional iron deficiency” vs true deficiency 

Clinical Hook 

● Case: fatigued patient, low serum iron, elevated ferritin → prescribed iron → worsens 

inflammation 

Citations 

● Ganz T, Nemeth E. Hepcidin and iron homeostasis. Biochim Biophys Acta. 2012. 

● Kell DB, Pretorius E. Serum ferritin is an important inflammatory disease marker. 

Metallomics. 2014. 

Iron Physiology & Regulation 

Objectives 

● Review iron metabolism with emphasis on regulation (not intake) 

● Understand hepcidin–ferroportin axis 

Key Concepts 

● Absorption: duodenum (DMT1, ferroportin) 

● Transport: transferrin 

● Storage: ferritin, hemosiderin 

● Regulation: hepcidin (liver hormone) 



Critical Insight 

● Hepcidin ↑ during inflammation → traps iron in tissues → ↓ serum iron 

Clinical Pearl 

● This creates “anemia of chronic disease” (ACD) 

Citations 

● Nemeth E et al. IL-6 mediates hypoferremia via hepcidin. J Clin Invest. 2004. 

● Ganz T. Systemic iron homeostasis. Physiol Rev. 2013. 

Iron as a Driver of Oxidative Stress & Inflammation 

Objectives 

● Understand iron’s role in ROS generation 

● Connect iron to chronic inflammatory disease 

Mechanisms 

● Fenton reaction → hydroxyl radicals 

● Lipid peroxidation 

● Mitochondrial dysfunction 

● Ferroptosis (iron-dependent cell death) 

Disease Associations 

● Cardiovascular disease 

● Neurodegeneration (Alzheimer’s, Parkinson’s) 

● Cancer proliferation 

● Metabolic syndrome 

Key Insight 

● Iron amplifies inflammatory cascades, not just participates 

Citations 

● Gutteridge JM, Halliwell B. Free radicals and iron. Biochem J. 1988. 

● Stockwell BR et al. Ferroptosis: iron-dependent cell death. Cell. 2017. 

● Sullivan JL. Iron and heart disease hypothesis. Lancet. 1981. 

The Iron–Inflammation Loop 

Objectives 



● Illustrate bidirectional relationship: 

○ Inflammation → iron sequestration 

○ Iron → fuels inflammation 

Pathophysiology Loop 

1. Inflammation → ↑ IL-6 

2. ↑ Hepcidin 

3. Iron trapped in macrophages/liver 

4. ↓ serum iron 

5. Clinician misdiagnoses “iron deficiency” 

6. Iron supplementation → ↑ oxidative stress 

Clinical Implication 

● Many patients labeled “iron deficient” are actually iron sequestered + inflamed 

Citations 

● Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med. 2005. 

● Ganz T, Nemeth E. Iron sequestration in inflammation. Nat Rev Immunol. 2015. 

 

Hour 2 

Lab Interpretation—Where Clinicians Get It Wrong 

Objectives 

● Differentiate: 

○ True iron deficiency 

○ Functional deficiency (ACD) 

○ Iron overload 

Standard Labs (and pitfalls) 

● Serum iron (highly variable) 

● Ferritin (acute phase reactant) 

● TIBC / transferrin saturation 

Advanced Interpretation Framework 

Pattern 
Likely 

Condition 



↓ Iron + ↓ 

Ferritin 
True deficiency 

↓ Iron + ↑ 

Ferritin 

Inflammation / 

ACD 

↑ Ferritin + ↑ 

TSAT 
Iron overload 

Critical Clinical Error 

● Treating low serum iron alone 

Recommended Additions 

● CRP / ESR 

● Hepcidin (emerging) 

● Liver enzymes 

● Fasting insulin (metabolic link) 

Citations 

● Camaschella C. Iron-deficiency anemia. N Engl J Med. 2015. 

● Kell DB. Ferritin and inflammatory disease. Metallomics. 2014. 

Iron Overload in Chronic Disease 

Objectives 

● Highlight prevalence and underdiagnosis 

Conditions Linked to Iron Overload 

● Hemochromatosis (genetic) 

● NAFLD / metabolic syndrome 

● Type 2 diabetes 

● Cardiovascular disease 

Key Insight 

● Many “normal” ferritin ranges may still be pathologically high 

Clinical Red Flags 

● Ferritin >150–200 (context dependent) 

● Insulin resistance + elevated ferritin 

● Chronic fatigue + inflammatory markers 



Citations 

● Fernández-Real JM et al. Ferritin and insulin resistance. Diabetes Care. 2002. 

● Pietrangelo A. Hereditary hemochromatosis. N Engl J Med. 2004. 

Clinical Approach & Management Considerations 

Objectives 

● Provide safe, conservative, clinically responsible strategies 

Core Principles 

● Treat inflammation first, not iron blindly 

● Identify root causes: 

○ Gut dysfunction 

○ Chronic infection 

○ Metabolic syndrome 

Interventions (General, Non-prescriptive framing) 

● Reduce inflammatory load 

● Support metabolic health 

● Evaluate need for: 

○ Blood donation/phlebotomy (when appropriate) 

○ Dietary iron moderation 

○ Avoid unnecessary supplementation 

Clinical Caution 

● Avoid routine iron supplementation without full panel 

Citations 

● Adams PC et al. Management of iron overload. Hepatology. 2011. 

● Ganz T. Hepcidin therapeutics. Blood. 2019. 

Conclusion + Call to Clinical Awareness 

Key Takeaways 

● Iron is not just a nutrient—it is a regulated toxin 

● Most clinical errors occur in: 

○ Misinterpreting labs 

○ Ignoring inflammation 

● “Iron deficiency” is often a misdiagnosis of iron dysregulation 


