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OBJ ECTIVES :

- Diffe re ntia te  ane mia  from iron de fic ie ncy.

- Lis t pote ntia l caus e s  for iron de fic ie ncy.

- Re cognize  a thle te s  with iron de fic ie ncy through the ir his tory and phys ica l e xam.

- Couns e l a thle te s  on how to optimize  the ir iron intake  to re ple te  s tore s .



WHAT IS  IRON?

- An e s s e ntia l mic ronutrie nt tha t 
plays  a  role  in many ce llula r 
proce s s e s

- An e le me nt



OXYGEN 
TRANS P ORT

Presenter Notes
Presentation Notes
HemoglobinMyoglobin



ENERGY P RODUCTION

Presenter Notes
Presentation Notes
Sulfur iron compoundsCytochrome containing hemoglobin>>when deficient results in impaired aerobic power>>severity of performance decline depends on degree of iron deficiency (more likely when hemoglobin production impaired)—Stage 3>>greater reliance on anerobic metabolism >> decreased blood pH due to lactate production >> further impaired performance



S OURCES
- Animal vs  Plant s ource s

- Iron Skille t

- Supple me nta tion

**Only 5 -15 % of iron  e a t  is  
a bs orbe d  **

Presenter Notes
Presentation Notes
Heme sources better absorbed (~5-35%) compared to non-heme sources (2-20%) Vitamin C, Poultry, Fish can enhance non-heme iron absorption Phytates, calcium, polyphenols can decrease non-heme iron absorption *found in coffee, whole grain, legumes, dairy



Presenter Notes
Presentation Notes
180 different biochemical functions Electron transport redox reactions (cytochromes, sulphuric proteins), redox catalytic functions (cytochrome p450, catalase, peroxidase)Reversible storage and transport (myoglobin, hemoglobin)Production of neurotransmittersEssential in synaptogenesis and myelination Oxidative phosphorylation 20% of iron is inactive 



EP IDEMIOLOGY 
Ge ne ra l popula t ion

- IDNA 12-16% pre me nopaus a l wome n 
and 2% of me n 

- IDA 3-5% of wome n and <1% of me m

Athle te s

- IDNA 35% fe male  and 11% male

- IDA 18 % of fe male  and 7% of male

Presenter Notes
Presentation Notes
May be higher with intense physical preparationIe. 29% of females soccer players diagnosed with IDA 6 mo prior to FIFA world cup (2005)Active women 2x more likely to have IDNA than sedentary women 



RECOMMENDED INTAKE
Re comme nde d Da ily Intake  Ge ne ra l Popula tion

- Male  8  mg

- Fe male  18  mg 

Ave rage  We s te rn die t is  ~6  mg of iron pe r ~420 0  
ca lorie s

Athle te s  have  an inc re as e d ne e d

Daily iron los s

- Male  1 mg/ day

- Fe male  2 mg/ day

Presenter Notes
Presentation Notes
Monsieur Mangetout’s—ate a plan? Chops up into little bites Women higher due to mensesRecommended that athletes have higher needs McKay et al. 2019 – RDI (13-18 mg/day ) consumed but during a block of intensified training there was a reduction in ferritin by 25-40% in endurance athletes



IRON 
METABOLIS M

Presenter Notes
Presentation Notes
Absorbed: duodenum, proximal jejunum Stored: liver hepatocytes, enterocytes, splenic macrophagesShuttled through blood on transferrin Storage form is ferritin **Sequestered in states of inflammation/illness **



IRON 
DEFICIENCY

S ta ge P hys io logy Hb  
(g / dL)

Fe rrit in
(μg/ L) TIBC%

1

Iron
De fic ie ncy

De ple te d s tore s  in
-s ple e n
-bone  marrow
-live r

>11..5 <35 >16 %

2

Iron De fic ie nt 
Non-ane mic

Erythropoie s is  
diminis he d

Iron s upply to 
e rythroid marrow 
re duce d

>11.5 <20 <16 %

3

Iron
De fic ie ncy 

Ane mia

Fa ll in Hb 
produc tion

Microcytic  ane mia

<11.5 < 12 <16 %

Presenter Notes
Presentation Notes
Stage I – no impact on oxygen transport; any impairment in this stage may be due at the level of oxidative enzyme in the ETC and respiratory proteins?**is the lower limit set too low**??-12-150 ng/mL Female-12 to 300 ng/mL MaleIDA defined as ferritin <12; transferrin <16%Stage 1 May be minimal impact Consider supplementation to prevent progressionThreshold of ferritin < 35 Stage 2 – performance may be compromisedStage 3 – performance compromised When iron was provided to participants with ferritin <35 in a study prior to being exposed to altitude, they had a more robust hematologic response at 3 weeks. (210 mg/day)



ETIOLOGY
- Re duc e d  Ava ila b ility / In ta ke

- Fe rritin

- RED-S

- Inc re a s e d  de m a nd  

- Pe riods  of rapid growth

- Mans e s

- High inte ns ity e xe rc is e  
cyc le s

- Endurance

- Altitude

Presenter Notes
Presentation Notes
RED-S is associated with IDAAckerman et al 2018 – 1000 female athletes retrospective questionnaire >LEA associated w/ greater risk (64%) for hematologic dysfunction (hx of anemia, low Hb, iron or ferritin)



ETIOLOGY
- Abs orp t ion

- Chronic  dis e as e  

- Inc re as e d He pc idin

- Blood  Los s / De s t ruc t ion

- Foot S trike  Ane mia  

- Gas trointe s tina l Ble e ding 
Othe r ble e ding or he molys is  

- Frank ble e ding

Presenter Notes
Presentation Notes
Inflammatory bowl disease, Ulcerative Colitis, H.pylori, Giardia, Celiac, Tropical Spru, Whipple’s disease, amyloidosis, Jejunal bypass, Bowl resection, Increased Hepcidin – increases 3-6 hours after exerciseGround strike– shearing of RBC in the capillaries (ground strike, eccentric muscle contraction)GI bleeding– transisent ischemia due to blood shunting Hematuria – same same; same reason we can see some proteinuria 



S YMP TOMS

- Le thargy

- Fa tigue

- Mood Dis turbance

- Re duce d Exe rc is e  Capac ity

- Tachycardia  

- Pa lpita tions

Presenter Notes
Presentation Notes
22 y.o. marshall track athlete came back from summer break complaining of all taycardiaShe had been able to do home workouts over the summerShe is a busy student, and clinical rotations often interfere with normal eating Diet consists of a lot of pizza 



LABS
Biom a rke r Biom a rke r De s c rip t ion

Re d Blood Ce ll (RBC) Tota l #  of RBC in the  blood

He moglobin (Hgb) Tota l #  of oxyge n-ca rrying 
prote in in RBC

He matocrit (Hc t) The  pe rce ntage  by volume  of 
RBC in blood

Me an Corpus cula r 
Volume  (MCV)

The  ave rage  volume  of RBC

Me an Corpus cula r 
He moglobin (MCH)

The  ca lcula te d me as ure me nt 
of ave rage  we ight of Hb pe r 
RBC

Me an Corpus cula r 
He moglobin 
Conce ntra tion (MCHC)

The  ca lcula te d ave rage  
conce ntra tion of Hb in the  
RBC

Re d Ce ll Dis tribution 
Width (RDW)

The  de gre e  of RBC s ize  
va riability

Presenter Notes
Presentation Notes
Information from your CBCImmature – may see elevated RDW



LABS Biom a rke r Biom a rke r 
De s c rip t ion

Ind ic a to r 
o f Low Iron

Se rum Iron Unbound Iron <10  μmol/ L

Fe rritin Iron bound to 
s torage  prote in 

<30  μg/ L

% Trans fe rrin 
Sa tura tion 

Shuttle  prote in 
be twe e n GI 
abs orption and 
tis s ue s . 

>46  μmol/ L

Tota l Iron 
Binding 
Capac ity 
(TIBC)

Re maining 
room to bind 
more  iron

<16 %

Presenter Notes
Presentation Notes
One ferritin bind 4500 hb One transferrin binds 2 iron 



LAB INTERP RETATION
- He m oglob in

- Impac te d by plas ma  volume

- Ps e udo-ane mia  "s port ane mia“

- Draw 24+ hours  pos t tra ining in hydra te d s ta te  (urina ry s p gravity <1.0 25)

- Fe rrit in

- Be  mindful whe n inte rpre ting be caus e  it is  an acute  phas e  re ac tant

- Ele va te d a fte r s tre nuous  e xe rc is e

- Ele va te d in va rious  dis e as e  s ta te s

Presenter Notes
Presentation Notes
Pitfalls:-pseudo-anemia if overly hydrated; no impact on sport-24 hours of no exteme activity -morning draws -acute illness Other labs--TIBC--CRP --Serum Iron



EXERCIS E & HEP CIDIN
- Pos t e xe rc is e  inc re as e  in he pc idin pe aks  a t 

3  hr pos t e xe rc is e

- Diurna l va ria tion w/  lowe s t in the  morning 
w/  s te ady inc re as e  though the  day 

- De ple tion of mus c le  glycoge n s tore s  may 
amplify he pc idin le ve ls  which may prolong 
pos t-e xe rc is e  pe riod of prolonge d impa ire d 
iron abs orption/ me tabolis m

- Important to cons ume  prote in with 
ca rbohydra te s  and avoid ultra  low 
ca rbohydra te  die t

Presenter Notes
Presentation Notes
Optimal ingestion of iron as far away from exercise as possible, possibly with first meal of the day Breakfast often a meal where a lot of calcium (milk, yogurt, calcium enriched juice etc)Optimal window within 60 min of AM exerciseBadenhorst (2015) IL-6 and hepcidin elevated in response to exercise after 24 hours of restricted carbohydrate intake (3 g/kg) vs high carbohydrate intake (8 g/kg)McKay et al 2019a demonstrated similar results in race walkers 3 hour post 2 hour bout of race walking; those who followed <50 g CHO/d diet for 3 week demonstrated increased IL-6 and hepcidin at 3 hours. -did not know baseline iron status which may be confoundingLow carbohydrate diet not recommended, especially if increased iron needs 



S EX DIFFERENCES
- No diffe re nce  in he moglobin but diffe re nce  in 

fe rritin found in e lite  Ge rman a thle te s  (n=19 3; 
50 % fe male ; ave rage  age  16 .2)
- fe male  2x highe r inc ide nce  of IDA 

- Me ns t rua l Cyc le
- 30 -50  mL los t; >6 0  mL can impac t iron 

s tore s  
- 1.6  mg of iron los t 

- Ora l Cont ra c e p t ive
- highe r fe rritin
- highe r TIBC % compare d to non-us e rs  
- Le s s  blood los s

Presenter Notes
Presentation Notes
2012 study by Koehler; 193 elite german athletes across 24 sports (mean age 16.2; 50% female)>>double incidence of low ferritin (<35) in femlae than male >>no difference in incidence of low HbRED-S more common in women and certain sports Ferritin increase in women 21-29% after starting OCP when they started out with low ferritin <10 mg/L (Larsson 1992)-lower blood loss, RED-S– suppression of HPA -reduced FSH/LH Ackerman 2018 found that eumenorrheic (n=22) females had a Hb mass of 7.9% higher relative to amenorrheic (n=13) elite runners. 



S EX HORMONES
- Gins burg e t a l 20 0 1

-  n=38

- Afte r comple tion of Iron man tria thlon me n had ~58 % re duc tion in te s tos te rone  

- Inte ns e  e xe rc is e

- inhibits  GnRH

- le s s  LH, FSH and thus  le s s  Es troge n and Te s tos te rone

- Te s tos te rone

- s timula te s  e rythropoie s is  in both s e xe s

- He pc idin ris e s

- le s s  e rythropoie s is , le s s  ne e d for iron s o he pc idin blocks  GI abs orption

Presenter Notes
Presentation Notes
Sex hormones (testosterone; estrogen) suppress hepcidin-gerroportin axisHigh training load --| GnRH > LH/FHS > T&ETestosterone>>Erythropoesis >>Less T, Less Erythropoesis>>upregulation of hepcidin>>less iron absorption >>disruption of the hormonal regulation of iron with intense exercise Direct impact of sex hormones on hepcidin not well studied but both estrogen, progesterone, testosterone have been ipmociated  in hepcidin and iron regulation. Estrogen /FSH supplementation to decrease hepcidin? -FSH injection in women undergoing invitro found to have a decrease by 40% of their hepcidin after injection Mice with estrogen deficiency found ot have lower iron stores and higher hepcidin mRNA 



P REFORMANCE
Fe male  rowe rs  (n=165) w/  Hb >12.0  
dg/ L, fe rritin <20 μ/ L

- re tros pe c tive  – looke d back 2-3  mo

- s lowe r 2  km rowing (~21 s e c) on 
e rgome te r 

Fe male  rowe rs  (n=31) who we re  IDNA

- s upple me nte d with 10 0  mg/ day iron 
for 6  we e ks

- unchange d 4  km but de mons tra te d 
de cre as e d e ne rgy e xpe nditure  and 
incre as e  e ne rgy e ffic ie ncy 

Presenter Notes
Presentation Notes
Author hypothesized that the physiological adaptations associated with endurance training are optimized under ideal iron availability >>red cell volume>>Increased oxidative enzymesImproved exercise economy under ideal conditions 



P REFORMANCE
- No impac t on VO2 max (me as ure  of pe rformance ) or othe r pe rformance -bas e d 

te s ting (s huttle  runs  e tc ). 

- -No impac t on Hb

-  Im pa c t  on fe rrit in  

- -Im pa c t  on pe rc e ive d  e xe rt ion 

- -Impac t gre a te r in untra ine d than tra ine d individua ls  

Presenter Notes
Presentation Notes
SUPPORTING STUDIES: Burden et al, 2015 metanalysis (n=443; 82% female)-iron treatment had large effect on ferritin, moderate on Hb and VO2 max-greatest improvement in VO2 max found in less-trained individualsHouston et.al., 2018 metanalysis (n=1170)-no improvement in VO2 max-improved perceived measures of fatigue -similar findings by Rubeor et al.  2018 systemic review (n=283), but also found that when ferritin stores (<20mg/L) iron supplementation CAN improve performance



S UP P LEMENTATION

- Inc re a s e d  Die ta ry In ta ke

- Die ta ry as s e s s me nt w/  
die titian  

- Ora l

o Fe rrous  Sulfa te

o Fe rrous  Glyc ina te

o Fe rrous  S ulp ha te *

- IV

o Iron Sucros e

o Iron De xtros e

Presenter Notes
Presentation Notes
Supplementation in athlete with normal iron does not confer benefit  aerobic performanceIDA – case study 19 y.o. femaleStarting ferritin 9.9 mg/L, Hb 8.8 dg/LAfter 1 IM injection 100 mg Fe followed by bid 100 mg Fe over 15 weeksFinished Ferritin 27 mg/L,  Hb 13.0 g/L>> gradual increase in training load>> PR run at 3000 m at 8 weeksCorrect underlying medical causes of anemia �Ferric formulations available but GI tolerance lowSlow release Ferrous sulphate remain n standard treatment due to tolerability, bioavailability and efficicay Iron polymaltose preparations or enteric coated tablets can be considered due to poor GI tolerability 



RES P ONS E TO 
S UP P LEMENTATION
- IV iron 

- 30 0  to 550  mg give n ove r a  pe riod of 1-42 days

- 20 0 -40 0 % inc re as e  in fe rritin

-Ora l Iron

    - 8 -12 we e ks  10 0  mg/ day ora l iron 

- 40 -8 0 % inc re as e  in fe rritin 

Presenter Notes
Presentation Notes
Benefit of IV is bypasses GIRisk of adverse reaction; anaphylaxis, flushing, burning, rashes IV may be preferred if rapid repletion indicatedConsider timing – off season



S UP P LEMENTATION P EARLS

- Alte rna te  day s upple me nta tion may 
improve  abs orption and e fficacy 

- With vitamin C

- Cons ide r inc re as ing dos e  in 
e xtre me  e nvironme nts  (ie . Altitude )

- Timing of intake  in AM whe n 
he pc idin low



ALTITUDE & IRON
- >2 we e ks  a t 10 0 0 -20 0 0  m and 20 0 0 -30 0 0  m 

re s ults  in he matologic  adapta tion

- He moglobin mas s

- Iron de pe nde nt glycolytic  e nzyme s

- Ex. Hypoxic  e xpos ure  of 10 0 0  km/ h (ie . 21 days  
a t 20 0 0  m) is  a s s oc ia te d with 3-4% inc re as e  in 
Hb mas s

- Inc re as e  in e rythroid iron de mand by 3-5 fold

- Re s pons e  thus  may be  blunte d if iron not 
ava ilable

Presenter Notes
Presentation Notes
Response plateaus at 4-5 weeks - live high/ train low (LHTL)-dependent on hypoxic dose – kilometer hours (m/10000 x hours)If iron not available may detract from potential gains from training at altitude 



ALTITUDE & IRON
- EPO incre as e s  within 9 0  min of hypoxic  e xpos ure  

- Pe aks  a t 48  hours  and re turns  to bas e line  a round 1 we e k

- S ta rt to s e e  me as urable  change  in Hb mas s  a t 10  days

- Inc re as e d inte s tina l abs orption 

- Hypoxia  inhibits  he pc idin w/ in 15 hrs  a t a ltitude

- Iron re le as e d from s torage  to he lp fac ilita te  adapta tion

- Inc re as e d trans port to the  e rythrocyte  

Presenter Notes
Presentation Notes
Hepcidin inhibition not directly result of increased EPOHoromone called erythroferrone released by proerytroblasts that is responsible *** telling body that in PRODUCTION mode**--this is down regulated by 48 hours of exposure --may be alternate mechanism impacting hepcidin inhibition beyond that time period; multiple proposed 



S UP P LEMENTATION @ ALTITUDE
- Supple me nt prior to and during a ltitude  e xpos ure

- 2-6  we e ks  prior 

- Blood s c re e ning 3 -6  we e ks  prior to de parture

- Pre fe rre d me as ure me nt by ca rbon monoxide -re bre a ting me thod 

- CRP, fe rritin, s e rum iron, trans fe rrin s a tura tion

- Hall e t a l 20 19  – s ingle  nightly dos e  20 0  mg e le me nta l iron be tte r than s plit dos e  with 
highe r Hb re s pons e  by a thle te s  a t 210 6  m for 3  we e ks

- Both le d to incre as e

- More  GI s ide  e ffe c ts  with highe r dos e  

Presenter Notes
Presentation Notes
Not susceptible to plasma shifts**Pre-exposure ferritin concentration weak predictor of Hb mass changes with altitude exposure**Altitude associated metabolic changes may actually help with efficiency of iron supplementation 
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Presenter Notes
Presentation Notes
Low iron possibly a indicator of early LEA?



TAKE HOME P OINTS
- Not a ll iron de fic ie ncy caus e s  ane mia . Not a ll ane mia  is  caus e d by iron de fic ie ncy. But 

ane mia  can be  caus e d by iron de fic ie ncy. 

- Labora tory s tudie s  ne e d to be  inte rpre te d with caution. Cons ide r whe the r in range  va lue s  
a re  too low for the  me tabolic  ne e ds  of the  a thle te .

- Timing of s upple me nta tion, fre que ncy of dos ing, and me thod of de live ry a re  important 
va riable s  whe n couns e ling on s upple me nta tion

- If an a thle te  is  s ymptomatic  with labora tory e vide nce  of iron de fic ie ncy, cons ide r Re la tive  
Ene rgy De fic ie ncy and nutrition inte rve ntion. 
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