Sports anaemia: facts or fiction?
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There is an ongoing, unsolved debate as to whether
iron supplementation, often used by elite athletes, is
really necessary or not. A preliminary question that
needs an answer is whether the existence of sports
anaemia is supported by facts or whether it is fiction.
Whether iron should be prescribed to athletes depends
on the answer to this preliminary question.

The human body contains approximately 3-5 g of
iron. The daily loss of 1-2 mg is replaced by dietary
iron (8 mg/day for adult men, and 18 mg/day for
adult women) absorbed within the small intestine' by
duodenal enterocytes. Since iron is transported around
the body in a redox inactive form, it must be bound
to a monomeric glycoprotein known as transferrin,
which maintains the iron in a soluble, non-toxic
form?. Bound to transferrin, iron is transported in
the bloodstream to be released into a variety of cells
through specific, cell surface receptors: transferrin
receptor 1 (TfR1), commonly found on red blood
cells, other erythroid-lineage cells, hepatocytes,
monocytes and the blood-brain barrier, or transferrin
receptor 2 (TfR2), expressed predominately on liver
cells®. The transferrin-transferrin receptor (Tf-T{R)
complex undergoes endocytosis, allowing iron to
be released from transferrin and transported across
the endosomal membrane by protein divalent metal
transporter 1 (DMT1)*. Once inside the cell, iron is
incorporated into iron-containing proteins, and excess
intracellular iron is converted into ferritin, a stored
form of iron.

Iron performs many important roles that are
directly relevant to an athlete's performance. It is
not surprising that a significant loss of this metal
commonly occurs with exercise. Despite this, the
body has no innate mechanism to replace the iron
losses due to physical activity; thus, a sufficient
dietary intake is essential for athletes in periods
of heavy training. The mechanisms involved in
exercise-induced iron loss are mainly gastrointestinal
bleeding, haematuria, sweating and haemolysis®”,
with inflammation and hormone activity also being
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relevant, according to the more recent research in
this field®. During exercise visceral blood flow can
be reduced by more than 50%, due to increased
sympathetic nervous system activity, in function
of exercise intensity®, with possible necrosis and
mucosal bleeding of the gastrointestinal tract!®!!.
Repeated episodes of training and competition
induced blood loss through the gastrointestinal tract
may, therefore, contribute to iron deficiency and
anaemia within athletes'. Sweating, which is mainly
a mechanism of thermoregulation and thus essential
during exercise, is also a mechanism by which
the body may lose iron and athletes exercising for
prolonged periods in multiple training sessions in
the heat may incur a cumulative debt, which could
ultimately affect body iron status'’?. Haematuria
may be the consequence of mechanical trauma in
the glomerulus or of haemolysis®. Furthermore,
the movement of the bladder during running may
cause bleeding due to microscopic lesions of the
interior wall'®. Interestingly, McInnis and colleagues®
suggested that the intensity of exercise is the causal
mechanism underlying haematuria, since renal
blood flow is decreased proportionally to exercise
intensity, resulting in an increased filtration fraction
and glomerular filtration rate. Haemolysis has been
reported during a range of exercise modalities such as
swimming, cycling and resistance training'4. During
non-weight bearing activities, the haemolysis might
result from the compression of the blood vessels
caused by vigorous contraction of the muscles
involved in the activity'*. However, haemolysis is due
primarily to impact forces resulting from foot-strike'>.
Haemolysis induces iron loss as a consequence
of the destruction of the red blood cell membrane
and consequent release of both haemoglobin (Hb)
and iron into the surrounding plasma. Since free
iron is a poison, its oxidative potential is limited by
haptoglobin, a glycoprotein with strong affinity for
free Hb which is able to "clean up" the lost contents
of haemolysed red blood cells'®. When the free Hb



concentration in plasma rises, there is a decline
in serum haptoglobin levels: this blood profile
is common in runners. Interestingly, Miller and
colleagues!” found a force-dependent relationship
between heel-strike and the degree of haemolysis
experienced during running. Indeed, significantly
greater changes in serum haptoglobin and plasma
free Hb levels were noted during downhill running
when compared to an uphill run of equivalent duration
and gradient. In accordance with these findings,
Telford and colleagues's showed that an acute, 1 hour
session of continuous running at 75% peak VO, _ ,
was responsible for a four-fold increase in the levels
of plasma free Hb when compared to a session of
cycling of equivalent intensity and duration. After
accounting for factors such as circulatory stress, the
authors concluded that heel-strike was the major
cause of haemolysis during running. Thus, it is
possible that a force-dependent relationship between
heel-strike and haemolysis may be directly affected
by the type of ground surface that the athlete trains
on, and the intensity at which the session is conducted
since these variables affect the impact force upon
heel-strike. However, research in this field is lacking.
Furthermore, little is known about the effect of such a
stimulus over the course of multiple training sessions,
but it has been suggested that a chronic haemolytic
stimulus (i.e. consecutive training sessions) might
have a cumulative effect on haemolysis and iron
deficiency!s.

With respect to the many points mentioned
above, it is very important to consider the research
by Lippi and Guidi'® published in this issue of
Blood Transfusion. Indeed, their study is the first
that demonstrates that an ultramarathon run is not
associated with significant muscle injury, but also that
it does not induce clinically significant variations in
Hb, haematocrit, red blood cell count, as well as serum
potassium. The research confirmed a significant and
acute post-exercise decrease in serum haptoglobin,
due to a certain degree of haemolysis during the
long-distance run, although the concentration of the
protein always remained below 0.5 g/L, suggesting
that the degree of red blood cell injury might be
considered very modest or even clinically negligible.
Of note, they found a significant reduction of mean
corpuscular volume, as previously observed by Banfi
and colleagues in rugby players'®, accompanied by an

increase of the mean corpuscular Hb concentration.
It was suggested that there may be a compensatory
mechanism involving a shift of intracellular water
outside of the red blood cell to counterbalance the
loss of fluid.

Before concluding, two more laboratory tests
must be remembered, namely serum transferrin
receptor (sTfR) and red blood cell protoporphyrin.
The sTfR accurately reflects the demands of bone
marrow for iron (i.e., high sTfR concentrations
indicate iron-deficient erythropoiesis) and this
parameter, especially the sTfR/log(ferritin) index,
is less variable than the measurement of ferritin
alone?®. However, investigations on the influence
of physical activity on sTfR expression are limited.
In accordance with previous studies, Schumacher
et al. found that ferritin concentrations declined
after exercise tests in 39 individuals; in contrast,
sTfR was unaffected by a 45-minute constant-speed
running test at 70% VO
during incremental exercise challenges to the point
of exhaustion. Taking the different extracellular fluid
shifts into account (haemoconcentration during the

and decreased only

2max

exhaustive test and haemodilution during the aerobic
test), the investigators concluded that sTfR reflects
exercise-induced changes in iron metabolism more
reliably than does serum ferritin, which is also
influenced by factors other than iron stores?'. The
hypothesis that iron availability is not limiting for red
blood cell production despite reduced concentrations
of serum ferritin during exercise is further supported by
the observation that free red blood cell protoporphyrin
concentrations remain unchanged during intensive
training??. The final step of haem biosynthesis is the
insertion of ferrous iron into protoporphyrin which
depends critically on the availability of iron as a
substrate; the first step of haem biosynthesis, the
formation of 5-aminolaevulinate, is also subject to
regulation by iron. No operational limitation of haem
biosynthesis according to the availability of iron in
erythrocytes has been demonstrated in athletes.

In conclusion, there is no evidence that iron
supplementation increases athletic performance,
except in individuals in whom iron deficiency is
established. In athletes with low serum ferritin
concentrations without anaemia, iron supplementation
might be useful; moreover, determination of STfR or
red blood cell-free protoporphyrin concentrations
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may identify those in whom iron administration is
likely to be beneficial. Serum ferritin concentrations
should be monitored in conditioned athletes, and
physiological decreases in serum ferritin during
the early stages of training should be taken into
account when individuals are examined and before
any decision to give iron is made. Important risk
factors contributing to the development of an iron
deficiency status are young-adolescent age, female
sex, vegetarian diet and Helicobacter pylori infection.
Because most studies have shown no beneficial
effect of iron supplementation on performance, the
uncontrolled use of iron should be avoided. Thus,
our answer to the initial question is that we believe
that sports anaemia does not exist. Some athletes are
anaemic and consequently must be diagnosed and
treated.
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