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The Iron Paradox
 Iron is the second most abundant metal in the earth's crust, 

 …BUT Iron deficiency is the most common nutritional deficiency. 

 The most used metal and the cheapest…

 …BUT when it comes to life, iron is more precious than gold. 

 Iron is essential for life for the transport of oxygen throughout the body, and also 
numerous essential enzymes i.e. intracellular oxidation, base metabolism…

 …BUT becomes toxic if allowed to form free radicals.

 Easy to ingest…

 …But very difficult to absorb.



Iron and Health 

According to the WHO, 1 in 3 people (2 billion people) worldwide 
are affected by vitamin and mineral deficiencies, 1 in 4 suffer from 

anaemia.

Complications: Heart problems leading to enlarged heart or heart 
failure, premature births and low birth weight babies, delayed growth 
and development, increased susceptibility to infections…

Anaemia contributes to 20% of all maternal deaths.



Absolute & functional iron 
deficiency

Functional 
iron 
deficiency

 Inadequate iron supply to meet 
demand despite normal or abundant 
iron stores

– Normal or high ferritin levels

– TSAT <20%

– High hepcidin

Absolute 
iron 
deficiency

 Depleted body iron stores

– Low serum ferritin (<100ng/ml) or

– TSAT <20%

– Low hepcidin

Wish JB. Clin J Am Soc Nephrol 2006;1:S4-8

ESA, erythropoiesis stimulating agent; TSAT, transferrin saturation



Which strategy?

1) Targeting the effects, i.e adding iron

Or

2) Targeting the causes, i.e fixing the 
mechanism of absorption?



1) Targeting the effects

Increasing iron uptake



Topping up the Iron Recycling Cycle

 The body can not 
excrete iron

 Hence, iron level is 
only regulated 
through iron uptake.



Iron replacement strategies

 Dietary iron

 Oral iron (supplementation)

 Parenteral iron

 Blood transfusion



Summary of treatment options
Oral iron IV iron Blood transfusion

Cost1 High iron content Essential in cases of cardiovascular 
instability1

Non-invasive 100% bioavailable Replaces RBCs

Simple administration1 Compliance Compliance

Convenient 2 Fast acting5

Well tolerated2

Malabsorption in inflammatory conditions3 Potential adverse 
reactions

Potential transfusion reactions6,7

Intolerance3 Invasive Invasive

Potential poor compliance3 Day case / inpatient Day case / inpatient

Slower to increase haemoglobin vs IV iron4 Cost Cost8

Interactions with many common oral drugs4 Limited supply7

Can delay investigative procedures, i.e. 
colonoscopies

Increased risk of morbidity and mortality in 
patients with cardiac disease7

Can only absorb 10-20mg a day May worsen outcomes in acute bleeds and
surgical cases9

Complex administration7
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Iron replacement strategies

Dietary iron and iron supplementation



Dietary Iron: types of iron
Heme vs. Non-heme



Iron Supplements

 Several formulations:

 Ferrous sulfate, Ferrous Fumarate, Ferrous Gluconate, Ferrous Sulfate….or iron 
chelate

 Less well absorbed so doses high … but!!!

 Take between meals or bedtime…Why?

 Take on empty stomach …Why?

 Take with liquids but…

 Not milk, tea, coffee



Factors Enhancing
Non-heme Iron Absorption

 Vitamin C

 Citric acid from foods & stomach

 Lactic acid from foods

 HCl from stomach

 Sugars (fructose not glucose…)

 MFP (meat, fish, poultry) factor (?)



Factors Inhibiting
Non-heme Iron Absorption

 Phytates, Fibers, Oxalates (whole grains, nuts, spinach, beets..)

 Tanic acid – tea, coffee

 Calcium, Phosphorus, Magnesium

 EDTA (food additive, preservative)

What about multi-supplements?



The trouble with iron fortification

 Because the body cannot excrete iron, the level of iron is regulated by its uptake only!

 Because the body is very careful, uptake is very low, iron supplementation is very poor! 



Iron: 
the more the merrier?

 “ A girl of fifteen fell into a state of anaemia which I considered chlorosis (iron-related 

anaemia). I administered ferruginous remedies, which rapidly restored her to florid health: and 

although there was nothing in the family history to lead me to fear the coming calamity, she 

was simultaneously seized with hemoptysis and menorrhagia, and died two months afterwards”

Docteur Armand Trousseau 1872



 Solution:
An iron supplement which is highly absorbed but only by the host not by an
opportunistic infectious agents:

Iron encapsulation

Problems with current iron supplements

“A treatment is only efficient  if it can be delivered at the right 
target and the right target only”

 Issues:
1. Poor absorption (5-20%), and Unabsorbed iron accumulates in the intestine

where it produces side-effects, i.e. upset stomach and pain, constipation or
diarrhoea, nausea, and vomiting leading to low patient compliance…creation of
toxic free radical

2. Availability to potential infectious agents promoting infection promoting infection



Microencapsulation
of iron supplement 
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Multinutrient Delivery Platform - MDP

COMPARATIVE STUDY OF THE 
BIOAVAILABILITY OF DIFFERENT 
IRON SUPPLEMENTS TO 
BACTERIA 
Ruvimbo Urenje, Hibo Mahdi, Patrick 
Kelly, Derek Renshaw, Mohammed 
Gulrez Zariwala and Sebastien Farnaud 
(EIC conference, Innsbruck 2016)



2) Targeting the cause(s)
-

Iron homeostasis regulation



Iron uptake regulation

 Because iron cannot be excreted, homeostasis depends 
mainly on recycled iron and top-up in the small intestine.

 How complex is it?
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Conclusions

• Iron is essential, 
• In western countries, dietary iron uptake should be sufficient…but
• If supplementation is required, the type of iron, when it is taken and what it 

is taken with should be taken in consideration;
• In iron deficiency anaemia, IV and transfusion can be envisaged but not 

as a quick fix… identifying the cause will dictate the therapeutic approach 

THINK IRON EARLY

Thank you!


