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Diagnosis of iron deficiency
and iron overload
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Normal iron status

Healthy adults have 3000-4000mg of iron in their body, most of which is found inside haemoglobin.
Iron is efficiently recycled, so daily requirements are only 1-2mg. These requirements are increased in
children and women of reproductive age, and can be five times higher during pregnancy.

Bleeding is the most common cause of increased iron losses with each 1mL of blood containing
0.5mg of iron. For example, daily iron requirements may be doubled in someone losing 80mL of
menstrual blood per month or 2-3mL of blood each day from a bleeding bowel cancer.

Because most of the iron in food is not absorbed, daily dietary requirements range from 10mg to
20mg. Depending on diet, most iron comes from plant sources even though this is less well
absorbed than the iron in red meat. The fraction absorbed increases in people with iron deficiency.
Absorption is increased by ascorbic acid and decreased by drugs such as tetracyclines and antacids,
as well as by naturally occurring iron binders in food like phytates in vegetables and tannins in tea.

Iron status can be viewed as a continuum between iron-deficiency anaemia at one end and iron
overload at the other. Many people lie between these extremes with milder degrees of iron deficiency
and excess. They typically have normal haematological parameters and diagnosis depends on the
detection of reduced serum ferritin and increased transferrin saturation, respectively (table 1).
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Table 1. Haematological and biochemical changes in disturbances of iron status

Early iron Iron-deficient Contraceptive Anaemia Thalassaemia  Iron

deficiency anaemia
Haematology
Haemoglobin Normal (N) !
MCV Nor | !
MCH Nor | !
RCC N LorN
Marrow Iron ! !
Biochemistry
Iron ! !
Transferrin 1 )
Transferrin saturation | !
Ferritin 1 !
Soluble transferrin 1 1
receptor
Zinc protoporphyrin 1 1

Common indications for requesting

iron studies

There are five common reasons to request iron

studies because of suspected iron deficiency.

1. Investigation of fatigue.

2. Investigation of anaemia.

3. Investigation of someone with blood loss.

4. Nutritional assessment, particularly in early
childhood and pregnancy.

5. Monitoring iron therapy.

Fatigue is a common reason for attending the
doctor. Full blood examination is an important
investigation in any patient with unexplained
fatigue, as are iron studies in any women of
reproductive age because of the high prevalence of
iron deficiency in this group.

Groups of patients at increased risk
of iron deficiency

Infants, growing children and pregnant women
are at high risk of iron deficiency. Iron deficiency
can develop by 2-3 months of age in premature
infants but is more common in those older than
six months who are exclusively breast fed, and in
infants 9-18 months who are fed with cow’s milk
or low-iron-content formulas. Patients on
haemodialysis are also at high risk due to dialysis-
related blood loss and the demands on erythro-
poiesis from erythropoietin therapy.

pill of chronic minor overload
disease
N ! N or | N
N N or | 1l N
N N or | 1l N
N 1 N or 1 N
N N or t N or 1 N or 1
N ! N or 1 1
1 I orN N N
N ! N or 1 1
N N or 1 N or 1 1
N N N !
N N or 1 1 N

Case study 1
A 21-year-old woman presented to her doctor
with fatigue as her major complaint. She was
of Mediterranean ancestry and had an
unremarkable medical history and a normal
diet. The results of a full blood examination,
iron studies and subsequent haemoglobin
analyses were:
« Haemoglobin 120g/L (reference interval
[RI] 115-165g/L)
» Packed cell volume (PCV) 37.3%
(RI 37.0-47.0%)
= Red cell count (RCC) 5.29 x 10°/L (RI
3.80-5.80 x 10" /L)
= Mean cell volume (MCV) 71fL* (RI
80-96fL)
Mean corpuscular haemoglobin (MCH)
22.7pg* (RI 27.0-32.0pg)
Iron 11pmol/L (RI 7-27pmol/L)
Transferrin 3.8g/L* (RI 2.0-3.6g/L)
Transferrin saturation 14% (RI 13-47%)
Ferritin 13pg/L* (RI 15-165ug/L)
Haemoglobin A 94.6%* (Rl >95.6%)
Haemoglobin A2 4.7%* (RI <3.4%)
Haemoglobin F 0.7% (RI<1%)
« Film: Anisocytosis, target cells, rod cells,
hypochromia and microcytosis
*Qutside reference interval
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What is your interpretation of these
results?

This patient has iron deficiency (low ferritin and
raised transferrin) and beta-thalassaemia minor
(raised haemoglobin A2). Low serum ferritin is
the single most reliable marker of reduced iron
stores in all clinical settings (children, adults and
pregnant women). Serum iron is usually reduced
in people with iron deficiency, although it was
normal in this patient. The main problem with
using serum iron measurements to assess iron defi-
ciency is that levels are often decreased in people
with normal iron stores.

Iron deficiency is often also associated with
increased serum transferrin concentration.
However, assessment using serum transferrin is
limited because it is increased by high oestrogen
levels in pregnancy and in women taking hormone
replacement therapy or the oral contraceptive pill,
and decreased in people with infection, inflamma-
tion, renal failure and malignancy.

Why is it important to establish the
cause of microcytosis in a young
woman?

Distinguishing the microcytosis and hypochromia of
iron-deficiency anaemia from that of thalassaemia
minor is essential because iron therapy is indicated
in the former but contraindicated in the latter, unless
there is concomitant iron deficiency (as in this case).
The distinction is particularly important in preg-
nancy due to the potential impact on the fetus if
both parents have a haemoglobinopathy. In people
with thalassaemia, serum iron, transferrin saturation
and ferritin all tend to be increased, so the low fer-
ritin in this patient is particularly significant. The
main distinguishing features of iron deficiency and
thalassaemia are shown in table 1 (page 3).

What other investigations are
required?

No other tests are needed in this patient although
the cause of the iron deficiency should always be
established. This is particularly important in
groups where iron deficiency is less common, such
as men and postmenopausal women, and causes
such as blood loss from bowel cancer need to be
excluded. Young women are often in a precarious

iron balance, so diet and menstrual history is
important. Coeliac disease should be considered
as one of the less common causes of iron deficien-
cy, particularly if there is a family history.

Case study 2

A 42-year-old woman presented with pain in
her hands and wrists. She had been taking
increasing doses of NSAIDs to control the
pain. Examination showed active synovitis
affecting the wrists and metacarpophalangeal
joints in both hands. Her blood results
showed:

« Haemoglobin 87g/L* (RI 115-165g/L)

« PCV 31.0%™* (RI 37.0-47.0%)

« RCC 4.28 x 10/L (RI 3.80-5.80 x 10"/L)
« MCV 72fL* (RI 80-96fL)

« MCH 20.3pg* (RI27.0-32.0pg)

Iron 4umol/L* (RI 7-27pmol/L)
Transferrin 3.0g/L (RI 2.0-3.6g/L)
Transferrin saturation 8%* (Rl 13-47%)
Ferritin 45pg/L (RI 15-165pug/L)
C-reactive protein 112mg/L* (RI <10mg/L)
Rheumatoid factor 242KIU/L*

(RI <14kIU/L)

Film: Mild anisocytosis, hypochromia and
microcytosis. See figure 1

What is your interpretation of these
results?

The changes suggest iron-deficiency anaemia in
someone with recent-onset, active rheumatoid arthri-
tis. The relatively low serum ferritin concentration is
the most important finding. The main differential
diagnosis in this patient is the so-called anaemia of
chronic disease in which there are abundant iron
stores but their utilisation is blocked by inflam-
matory cytokines. In a patient with anaemia of
chronic disease uncomplicated by iron deficiency, the
serum ferritin concentration is often greater than
100ug/L.

How can you distinguish
iron-deficiency anaemia from

the anaemia of chronic disease?
Anaemia of chronic disease is the most common
cause of anaemia in people aged over 50. It is usu-
ally normochromic and normocytic but may be



Figure 1. Normal blood film (top) and
hypochromic, microcytic changes of
moderate iron deficiency (bottom).
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hypochromic and microcytic. Serum ferritin levels
are typically decreased in iron deficiency and
increased with inflammation, whereas serum
transferrin levels are usually high in iron deficien-
cy and low with inflammation (table 1, page 3).
It is important to remember that in people with
iron deficiency and concurrent inflammation,
serum ferritin levels may be toward the lower end
of the reference interval but not frankly abnormal,
because inflammation tends to increase ferritin
levels. People with ferritin levels less than 50ug/L

may be iron deficient, although those with
levels greater than 100ug/L are usually iron
replete.

If the iron studies are inconclusive, options

include:

« Repeating the blood tests in 1-2 weeks.

=« Investigating for gut blood loss, regardless.

« Reviewing the patient after a 2-3 week trial of
oral iron therapy.

If standard blood tests are unhelpful in
haemodialysis patients the response to a dose of
intravenous iron may be the most effective way to
establish a diagnosis of iron deficiency.

What new tests are available for
assessing iron status?

Soluble transferrin receptor Transferrin receptors
are responsible for the uptake of transferrin-
bound iron by cells in the bone marrow. They
increase when there is increased red cell turnover
(haemolytic anaemias and thalassaemia) and with
iron deficiency, as the bone marrow seeks more
iron. They decrease with iron overload. The con-
centration of soluble transferrin receptors in the
serum reflects the number of these receptors in the
bone marrow and can be used as a way of diag-
nosing iron deficiency. This test is not widely
available but its theoretical advantage is that it is
a good marker of iron deficiency that, unlike fer-
ritin, is not affected by inflammation.

Red cell zinc protoporphyrin If there is insuffi-
cient iron to insert into protoporphyrin to make
haem the body incorporates zinc instead, making
zinc protoporphyrin (ZPP). ZPP has a distinctive
fluorescent fingerprint that can be measured as an
indicator of iron deficiency. Levels also increase
with lead poisoning, disorders of haemoglobin
synthesis and chronic inflammation.

Reticulocyte haemoglobin concentration (RET-
He) and percent hypochromic red cells These
measurements are available on some new auto-
mated haematology analysers and may be useful
in diagnosing iron deficiency in the presence of
inflammation. They are not widely available and
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their true value will not be known until research
has been completed.

Case study 3

A 61-year-old woman presented with fatigue.
Abnormal liver function tests had been noted
one year earlier but not investigated. Her
latest blood tests were:

« Iron 42pmol/L* (RI 7-27pmol/L)

» Transferrin 1.9g/L* (RI 2.0-3.6g/L)

= Transferrin saturation 95%* (RI 13-47%)
» Ferritin 3241pg/L* (RI 15-165ug/L)

« Haemoglobin 155¢/L (RI 115-165g/L)

« MCV 103fL* (Rl 80-96fL)

= Bilirubin 14pmol/L (RI <20pmol/L)

« ALT 76U/L* (RI <35U/L)

« AST 59U/L* (RI <35U/L)

» ALP 133U/L* (RI 30-115U/L)

« GGT 119U/L* (RI <35U/L)

When should you look for iron

overload?

Iron overload is often discovered as a chance find-

ing when someone has iron studies looking for

iron deficiency — as in this case. Blood tests may

also be specifically requested looking for iron

overload in the following settings.

= Investigation of someone with abnormal liver
function tests, heart failure, diabetes or skin pig-
mentation.

= Family screening for hereditary haemochro-
matosis.

=« Patients who have received multiple blood trans-
fusions.

« Treatment monitoring in someone with iron
overload.

What is the most likely cause of
these abnormalities?

Hereditary haemochromatosis would be the best
single explanation of these abnormal iron studies
and liver function tests although a careful history
is needed to exclude other causes. When consider-
ing the differential diagnosis, treatment with iron
could cause an increased serum iron but would
not cause such a spectacular increase in serum fer-
ritin. Viral infection and medications could cause
the abnormal liver function tests, as could alcohol

which can also cause macrocytosis.

What other investigations should be
performed?

The single most important test in someone with
results like this is testing the HFE gene for the com-
mon mutations seen in haemochromatosis, especial-
ly the C282Y mutation. Other tests may be needed
depending upon the history. This woman was
homozygous for the C282Y mutation, which is
responsible for most haemochromatosis in our
community. Other manifestations of haemochro-
matosis such as diabetes and arthropathy should be
considered.

There are a number of important practical points
about the diagnosis of haemochromatosis and the
use of the HFE gene test. Raised serum iron and
transferrin saturation are the most useful tests for
the diagnosis of iron overload. Transferrin satura-
tion cut-offs of either 45%, 50% or 55% have
been used in different studies to detect haemochro-
matosis, the former giving better sensitivity and the
latter fewer false-positive results.” The problem
with transferrin saturation as a screening test is
that it can be falsely increased by iron therapy
and even, on some occasions, after a person has
eaten an iron-rich meal. Transferrin saturation
less than 45% is uncommon in people with
haemochromatosis.

Serum ferritin is not useful in screening for
haemochromatosis because it is normal for many
years early in the disease. Often, the textbook fea-
tures of haemochromatosis do not appear until the
serum ferritin concentration exceeds 1000ug/L.
Serum ferritin levels decrease with regular venesec-
tion. The patient in the case study subsequently had
venesection at 1-2 weekly intervals over one year
donating a total of 40 units of blood. Her serum
iron, transferrin saturation, ferritin and liver func-
tion tests all normalised over this time.

The gene test for haemochromatosis, although
simplifying family screening and reducing the need
for liver biopsy in some people, has important
limitations.

= Laboratories look for specific mutations of the
HFE gene, usually C282Y, H63D and S65C.
These mutations are linked with haemochromato-



sis in people with northern European ancestors
but there are many people with haemochromato-
sis who do not have these particular mutations.
They would be missed if gene testing alone was
used to screen for disease.
Some people with the C282Y mutation never
develop haemochromatosis because other genet-
ic and environmental changes are required to
develop disease. Because it is assumed that peo-
ple with high levels of serum ferritin and trans-
ferrin saturation will develop clinical disease
eventually, treatment decisions are based on
measurements of these parameters: it is not
necessary to wait until signs and symptoms
develop.
= As with all genetic tests, counselling must be
provided before any testing is undertaken.

If a patient has an increased transferrin satura-
tion the first thing to do is check whether they
are taking iron supplements and to find out if

Conclusions

they have a family history of haemochromatosis.
The iron studies should be repeated and the gene
test requested if the transferrin saturation is still
increased after cessation of supplements.
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= Low serum ferritin, not low serum iron, is the most reliable marker of uncomplicated iron deficiency.
If serum ferritin exceeds 100ug/L iron deficiency is unlikely (Table 2).
= Babies, growing children and pregnant women are at high risk of iron deficiency.

Iron deficiency is a sign, not a diagnosis. You must establish the cause, particularly in men and

postmenopausal women in whom iron deficiency is usually due to chronic blood loss.

Raised transferrin saturation, not ferritin or haemoglobin, is the most useful marker for the early

diagnosis of haemochromatosis and other iron overload syndromes (Table 3, page 8).
= Take care with the HFE gene test for haemochromatosis. Some people with the C282Y mutation do
not have the disease and some people with disease do not have the C282Y mutation.

Table 2. Common misconceptions about iron deficiency

Misconception
Low serum iron equals iron deficiency

Normal serum ferritin rules out iron deficiency

Comment

Serum iron concentrations commonly decrease
during illness regardless of iron status. Iron levels
may be lower in the afternoon than the morning.
Ferritin is the best marker of iron deficiency.

Some people with iron deficiency may have
serum ferritin concentrations in the lower part of
the reference interval. Ferritin is increased during
inflammation and with liver disease.
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Table 3. Common misconceptions about iron overload

Misconception Comment

Serum ferritin is a good screening Increased ferritin is a sign of established iron overload and is

test for haemochromatosis not seen in early disease. It is not safe to use this as a
screening test. Increased serum iron and transferrin
saturation are the tests of choice.

Polycythaemia is a feature of Full blood count is typically normal in haemochromatosis

haemochromatosis although there may be mild macrocytosis. Haematological
examination does not have a significant role in diagnosis of
hereditary haemochromatosis.

Increased serum ferritin equals Serum ferritin is commonly increased during inflammation

haemochromatosis and liver disease. If the transferrin saturation is normal a
raised ferritin is likely to be caused by something other than
haemochromatosis.

Homozygous C282Y mutations Many people with the classical haemochromatosis mutations

equal hereditary do not develop disease. Conversely, some people with

haemochromatosis haemochromatosis do not have the C282Y mutation,

presumably having some other mutation instead. Iron studies
are essential for the diagnosis of haemochromatosis.

Actors in the drama of iron metabolism

Actor Role

Iron Highly sought-after star performer. Major role in haemoglobin where it has an
ambivalent relationship with oxygen. Minor roles in other proteins, such as
myoglobin and cytochromes. Destructive if allowed to wander freely about stage.

Transferrin The chaperone that meets iron on its arrival in the bloodstream and carries it to
its destination in the marrow. Keeps iron bound and out of trouble. Each
transferrin can bind two iron atoms, although it carries 13-47% of its maximum
iron carrying capacity on average. This percentage is increased in people taking
iron and in those with haemochromatosis. Transferrin also becomes overloaded
if the bone marrow is not working.

Haemoglobin An important character with a four-part personality. Dependent upon the support
of iron, folate and vitamin Bz.. Normal career span is four months, although it may
end early being lost in action, eg, in faeces. Sometimes injured by antibody
attack or by being flailed by an artificial heart valve. Occasionally troubled by
inherited character defects and problems with small size and reduced performance.

Australian
Doctor. Ferritin Very large, behind the scenes player with a major role in iron storage. On-stage
visibility reflects the size of the iron stores, although levels may be increased by

@RCPA inflammation and liver disease.

Transferrin The companion of transferrin. Waits faithfully in the marrow for a brief meeting

receptor where they exchange iron. If the marrow is starved of iron, soluble fragments of
the transferrin receptor are released in the blood in increasing numbers. Yet to
gain an established role as a diagnostic marker of iron deficiency.
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