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Introduction

Iron is a trace element found in the greatest amount in
the body, about 3 - 5g in adults™. Iron is an important
nutrient in exercise since it is a structural component of
hemoglobin and myoglobin for oxygen delivery. In
addition, iron is involved with some enzymes that
promote energy production. Therefore, insufficient iron
storage may affect exercise performance.

= =
Iron depletion or iron deficiency is one of the most
prevalent nutrient deficiencies in athletes®”. Athletes are
more prone to low iron store due to®1822;

B Increased losses via sweat, urine, gastrointestinal
bleeding and foot strike hemolysis,

B Inadequate iron intake due to restricted energy
intake and vegetarian diet,

M Hard training stimulating an increase in red blood
cell (RBC) production and metabolic iron use,
increases the requirements for iron,

B Growth spurt in children and adolescents coupled
with sport training increases demands for iron, and

B Abnormally high menstrual blood loss in female
athletes also increases requirements for iron.

Garza et al (1997) classified iron deficiency into three
stages based on hematological results (Table 1).
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Table 1. Stages of iron deficiency'?
Stage |: Iron Depletion (Prelatent iron deficiency)

Low serum ferritin and Normal total iron binding capacity
(TIBC)
Normal transferrin saturation
Normal serum iron
Normal hemoglobin
Stage II: Iron Deficient Erythropoiesis (Latent iron deficiency)
Low serum ferritin and Increased TIBC
Decreased transferrin saturation
Normal hemoglobin
OR
Low serum ferritin and Decreased serum iron
Normal hemoglobin

Stage lIl: Iron deficiency anemia

Low serum ferritin and Increased TIBC
Decreased transferrin saturation
Decreased serum iron
Low hemoglobin

Biomarkers of Iron Status and
Their Interpretation

Several biomarkers are used to assess iron status. It is
unreliable and misleading to use single blood test to
confirm iron status. Infection, inflammation and
hydration status may affect the laboratory measures of
iron status. Please refer to Appendices 1 and 2 for
details.

Iron Screening and Iron
Supplement Protocols

Complete blood picture (CBP) is tested at medical
screening annually. Under normal condition, iron profile,
including serum ferritin, serum iron, transferrin,
transferrin saturation and TIBC, is performed in
alternate year. Athletes with history of low iron stores
are tested at medical screening annually. All blood tests
should be taken prior to exercise. Athletes who are
suffering from infection and inflammation should
postpone the blood test.

When deranged CBP and/or iron profile are found,
athletes are required to see Medical Consultant and then
referred to Sport Nutritionist for dietary advices. The
following interventions will be implemented (Table 2).
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Table 2. Iron depletion and iron deficiency interventions

Blood test results Interventions

Ferritin is 1.
30 - 45ng/ml 2
(male) or

30 - 35ng/ml 3

(female) but
hemoglobin is

Check dietary and drug intakes

.Check for iron losses (eg.

gastrointestinal (Gl), menstrual)

. See Sport Nutritionist for dietary

advice on a high iron diet

4. No iron supplement, but may take

multi-vitamin and—mineral supplement

. Follow up with Sport Nutritionist once

per month for 3 consecutive months to
check diet compliance and
supplementation

6. Recheck CBP and iron profile once

per month for 3 consecutive months
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. Check dietary and drug intakes

. Check for iron losses (e.g. Gl, menstrual)
. Check recent training intensity

. No iron supplement, may be due to

plasma expansion after strenuous
training

. Recheck CBP and iron profile in one

week. If this condition persists, then
refer to Medical Consultant to check
for other underlying causes of low
hemoglobin

normal

5
Ferritin is 1
normal but 2
hemoglobin is 3
below normal 4

5
Ferritin 1.

<30ng/ml* and )
hemoglobin is
either normal or
below normal

Check dietary and drug intakes

. Check for iron losses (e.g. GI, menstrual)
3. See Sport Nufritionist for dietary

advice on a high iron diet and iron
supplementation

. Iron supplement (100 mg elemental

iron) 1 tab daily for 3 months on empty
stomach, can be taken with 500mg
vitamin C supplement

. Follow up with Sport Nutritionist once

per month for 3 consecutive months to
check diet compliance  and
supplementation

. Recheck CBP and iron profile once

per month for 3 consecutive months

*The level of serum ferritin at which supplementation should commence is
still controversial (ranged from <12 to <35 ng/ml)®. In some cases in sports,
serum ferritin level <30ng/ml is an indication for iron supplementation®°.
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It takes 2 — 3 months of treatment with 100mg elemental
iron per day to replenish iron store. Athletes who take
iron supplementation should aim to restore the serum
ferritin level to a target level of about 60ng/ml (or 60y
g/L)'®. Moreover, recheck CBP and iron profile in 1
month and 3 months after discontinuing iron supplement
to ensure iron status is normal.

Iron Supplements Currently
Available in Hong Kong

o Fortifer: 300mg ferrous fumarate (contains whole
dried liver)

e Ferrum Hausmann chewable tablet: 100mg iron
polymaltose complex (suitable for vegetarians)

Side Effects of Iron
Supplementation

Some people may experience constipation, black
stools, abdominal cramps and to a lesser extent,
diarrhea, nausea and vomiting. These adverse effects
usually subside when iron supplement is taken with
food®.

Iron overload is another concern when athletes use iron
supplements. Many athletes, without being diagnosed
with iron depletion, use iron supplements daily or
intermittently as an ergogenic aid or as a preventive
measure. Some evidence showed iron overload
happened in athletes who regularly have iron injections
and/or take iron supplements®?. The long-term
consequences of taking excessively high doses of iron
supplements or iron injections in healthy people are
unknown, but it may mimic the effects of the genetic
disorder called “hemochromatosis™. Hemochromatosis
is a genetic disorder in which too much iron builds up in
the body leading to deposition in the liver, heart,
pancreas, joints and other organs. The most common
clinical presentations of hemochromatosis are skin
pigmentation, diabetes and arthropathy and presenting
symptoms include lethargy, polyuria, excessive thirst,
arthralgia and loss of libido'. Moreover, iron has
pro-oxidant properties. It can generate free radicals and
oxidative stress which may damage tissues. Several
studies indicated that high body iron stores were
positively associated with cardiovascular diseases'®?,
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Parameters Description
miIEs o IMRP—B2ENED
Hemoglobin Iron containing protein in RBC
(Hb) s BEERE_S{#

Carries oxygen and carbon dioxide
o BERANBRATE

Acts as a buffering agent
o REES R AR

Less sensitive to iron depletion

M EXF8 o HIMRSMESENS DL
Hematocrit Percentage of RBC in a volume of
(Hct) whole blood

s REFREMBRZ
Not a conclusive measure of iron
deficiency

hypercholesterolemia'® and cancer?#. There is no
evidence that iron supplementation results in improved
performance in non-anemic athletes'. Consequently,
athletes whose CBP and iron profile are normal should
not take iron supplements. Athletes who wish to use iron
supplements should consult with Medical Consultant or
Sport Nutritionist before use.

Conclusion

Iron plays a critical role in the human body and to
exercise performance. Athletes, particularly females
and adolescents, are at high risk of low iron stores. If
untreated, iron depletion can ultimately progress to
anemia, which can adversely affect exercise
performance. Early detection of depleted iron stores
may prevent anemia. Athletes with history of low iron
stores should regularly monitor iron status. lron
supplementation is only beneficial to individuals who are
iron depleted. At present, most of the studies in
non-anemic athletes did not show iron supplementation
to produce any improvement in exercise performance.
Iron overload may be detrimental to health. Athletes
whose iron stores are normal should not take iron
supplements as an ergogenic aid or as a preventive
measure.

Appendix 1: Biomarkers for assessing iron status®'*

SE@E "I
Reference Range Indication
£ (male) : 1iRK - BRER
14 — 16 g/dL dehydration, exposure to high
ZZ (female) : altitude
12 — 14 g/dL VA A - KE - EHHAE

m (EREIESIENMNBES
E7)

anemia, hemorrhage, fluid retention;
sport anemia (plasma expansion
induced by intensive training)

B (male) : f:IRXK - MRS

40 — 50% dehydration, hemoconcentration
7 (female) : LIBEKpERT  Am
35 - 46% over-hydration, anemia

10



28
Parameters
FHiTMREE
Mean Cell Volume
(MCV)

EHiIEREmER
=B

Mean Corpuscular
Hemoglobin (MCH)

FIiTHREmES
RE

Mean Corpuscular
Hemoglobin
Concentration
(MCHC)

fImEahEE
Red Blood Cell
Distribution Width

(RDW)

RIBATANRRMAT SR
BH=E (CHr) » 8
AfATADRRMATE
BS&E (Ret He)
Reticulocyte
Hemoglobin
Content (CHr) or
Reticulocyte
hemoglobin
equivalent (Ret He)

BB B
Description

o KLMIRYLIIBER

Average size of RBC

o 394218 AL M 3R BT = B9 M AL

=]
Average amount of Hb inside a RBC

EEMHREEERNMIED
BE

Concentration of Hb in a given
volume of packed red blood cells

HMKXEBECEEAERND
8

Range that covers the smallest and
largest RBC in the body
RERAMBRAXNAFHEE
Reflects the degree of difference in
size of the RBC

FEIHARERENERER
B T 1 2R

Earliest RBC released from the
bone marrow
BPHRBNTHIEE

Sensitive indicator of early iron
deficiency

CHrESEMCVHEE + ALtkBMCV
FhEENEFECHIBR
MCV is used for calculation of CHr,
therefore, elevated MCV and
thalassemia may affect the result of
CHr

S2E@E
Reference Range

80.0 — 98.0fL

27.0 - 35.6 pg

32.6 — 36.6g/dL

11.0-15.0%

30.2 - 36.7pg’

E o
Indication

1:HFF BEEPS . AERER

m: BHESEM

liver disease, alcoholic toxification,
macrocytic anemia, pernicious
anemia

(REMAEN - WPEEM (5

BE) - iEBEMEsEn
iron deficiency anemia, thalassemia
(first indicator), microcytic anemia

AR - RMEAD

macrocytic anemia, pernicious
anemia

LREMED - NEEMRD - B

hiEam
iron deficiency anemia, microcytic
anemia, thalassemia

RERIK

severe dehydration

CREMEND - PFEEM

iron deficiency anemia, thalassemia

BERN - MOBRN - REM

am - E®B/MMaamB12RZ

(MCVIE®) I
pernicious anemia, thalassemia, iron
deficiency anemia, folic acid/vitamin
B12 deficiency (MCV is normal)

FREER BB A

defects in iron reutilization

HEHLMBAEMER (EPO) B

EPO treatment

REMER M

iron deficiency anemia

i EMBALTREFNE
CHrEe R AL MR &= AL °

Remark: CHr may reflect the response of
erythropoiesis to iron medication in |
iron-deficient subjects’®
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Parameters

masEa
Serum Ferritin

75

Serum Iron

mesEsEsEn
Serum Transferrin

REss
Total Iron Binding
Capacity (TIBC)

HEEOmIE
Transferrin
Saturation

‘RE AERERSLERRISEERNLER - UERA - &

REA/ ER
Description

o EHENED
Iron-storing protein

o B M0k 260 R R R M
am
Useful indicator of early stage of
iron deficiency and iron deficiency
anemia

o RARH BV
Unbound iron

c EREEERA (BRBLEE®R
&)
Large diurnal variation (the highest
value occurs in the morning)

o BHBENED  aEESHE
Binds iron in the blood for transport

s EEHEBECOMERSHRX
#HE
Maximum amount of iron that can
be bound to transferrin

e MEMERBGSHNEDL
Percentage of serum iron compare
to TIBC

EOEREENERERET -

sERE
Reference Range

5 (male) : 1:

45 — 300ng/ml
 (female) :
35 — 150ng/ml

28 (male) : t
65 — 170ug/dL

ZZ (female) :

50 — 170pg/dL

230 — 450mg/dL. |

250 — 400pg/dL |

15 — 50% t

]/
Indication
HBEE - WME - R B
- -SENEES

iron  overload, inflammation,
infection, damage to liver, spleen or
bone marrow

FEREE  ABRENRE - RE

MEN - RESXREEEIR
iron depletion, iron deficient
erythropoiesis, iron deficiency
anemia, long term rigorous athletic
training

CHBRET - BMMAN - BHER

m - &xHPEMERN - HDE
/I © #MBDBEIHRZSIE

iron overload, hemolytic anemia,
pernicious anemia, sideroblastic
anemia, thalassemia, vitamin B6
deficiency

R ERER - IHBELERR

o REdEn BE9H
infection, iron depletion, iron
deficient  erythopoiesis, iron
deficiency anemia, beginning of
menses

CRE MM

iron deficiency anemia

HBAE - NE

iron overload, inflammation

AR A M ERE - REMAEMD

iron deficient erythopoiesis, iron
deficiency anemia

TEBRE - MMM - BHEMN -

MoEEMN - XIE

iron overload, hemorrhage,
pernicious anemia, thalassemia,
inflammation

BEaE

iron overload

CALMBER AR TR - BRELME A M

iron deficient erythopoiesis, iron
deficiency anemia

* NOTE: It is important to remember that many physiological factors can
influence the results. If you have any question, please contact Medical
Consultant or Sport Nutritionist for further information. 14
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