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ABSTRACT

Intense physical exercise, especially when performed frequently or for prolonged
durations, can disturb iron balance through a combination of increased demand, increased
loss, and impaired absorption. The strongest evidence comes from endurance sport,
military training, and periods of intensified loading, where iron deficiency without anemia
and overt iron-deficiency anemia are both common clinical problems. Mechanisms include
exercise-induced inflammation and hepcidin upregulation, intravascular hemolysis,
gastrointestinal microischemia with occult blood loss, hematuria, sweat losses, menstrual
blood loss, low energy availability, and the amplified iron demand of altitude-related
erythropoiesis. Importantly, the hematologic response to training also includes plasma
volume expansion, which can mimic anemia without true iron deficiency and complicate
interpretation. In athletes, clinically meaningful iron deficiency may present before
hemoglobin falls, with fatigue, impaired recovery, lower maximal oxygen uptake,
diminished training quality, and reduced work efficiency. Diagnosis therefore requires
more than hemoglobin alone and should integrate ferritin, transferrin saturation,
inflammatory context, and where indicated soluble transferrin receptor or reticulocyte
indices. Management begins with confirmation of true deficiency and identification of the
mechanism, followed by dietary optimization, oral iron when indicated, and selective use
of parenteral iron in carefully chosen cases. This review summarizes the physiology
linking exercise to iron homeostasis, identifies athlete groups at highest risk, distinguishes
pseudoanemia from true deficiency, and provides a practical framework for diagnosis,

prevention, and treatment.*8
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Key clinical points

* Intense exercise most often unmasks iron deficiency in endurance athletes, menstruating
athletes, adolescents, and athletes exposed to altitude or low energy availability.

* A low hemoglobin concentration after a training block is not synonymous with iron
deficiency; plasma volume expansion can create dilutional pseudoanemia.

* Ferritin should be interpreted in context. In athletes, ferritin <30 pg/L is commonly
considered clinically relevant, whereas higher targets may be reasonable before altitude
exposure.

 The post-exercise hepcidin surge usually peaks about 3 hours after endurance exercise,

creating a window of reduced iron absorption that matters for timing oral iron.

Introduction

Iron is indispensable to oxygen transport, oxidative phosphorylation, erythropoiesis, myoglobin
function, and multiple mitochondrial and enzymatic processes that become rate-limiting during
heavy training. In athletes and other physically active people, the clinical relevance of iron
deficiency extends beyond classical microcytic anemia: symptoms and performance
impairment may appear when iron stores are depleted but hemoglobin is still within the
laboratory reference range. This distinction is central in sports medicine because repeated
intense exercise commonly produces an iron-deficient state before overt anemia develops.'*
The phrase “the effect of intense physical exercise on iron deficiency” can be misleading if it
implies a single uniform mechanism. Exercise does not inevitably cause iron deficiency, and
the risk varies substantially by sex, age, sport, training load, nutritional intake, menstrual blood
loss, environmental stress, and baseline iron stores. Nevertheless, the cumulative literature
strongly supports that repeated high-volume or high-intensity exercise shifts iron balance in an
unfavorable direction through a convergence of increased losses, impaired absorption, and
heightened utilization. The effect is especially pronounced in endurance disciplines, military
training, adolescents, and female athletes.®”’

This review focuses on the medical and physiological pathways by which intense exercise
promotes iron deficiency, the athlete populations in whom the effect is most clinically relevant,
the consequences for health and performance, and a practical evidence-informed approach to

diagnosis and treatment.369



Iron physiology most relevant to exercise

Total body iron is tightly regulated because there is no dedicated excretory pathway for excess
iron. Systemic balance is therefore determined mainly by intestinal absorption, macrophage
iron recycling, and hepatic storage, all coordinated by the hepcidin—ferroportin axis. Hepcidin,
synthesized in the liver, binds ferroportin and induces its internalization, reducing dietary iron
absorption and limiting release of stored or recycled iron into plasma. Inflammation, especially
interleukin-6 signaling, increases hepcidin; erythropoietic drive and iron deficiency suppress
it.l‘2‘5

For clinicians dealing with athletes, this physiology has two major implications. First, the same
athlete can move rapidly between states of adequate iron availability and functional restriction
depending on recent exercise, inflammation, and energy status. Second, laboratory
interpretation is vulnerable to timing effects. Ferritin is both a storage marker and an acute
phase reactant, while hemoglobin concentration is diluted by training-induced plasma volume
expansion. As a result, isolated measurements can misclassify athletes unless they are

interpreted longitudinally and in context.36:3435

How intense exercise promotes iron deficiency

1. Increased iron demand

Intensified training increases iron demand for erythropoiesis, myoglobin synthesis,
mitochondrial biogenesis, tissue repair, and, in some settings, adaptation to altitude. Athletes
entering a heavy training block with borderline stores may therefore become deficient even if
absolute iron losses are modest. This is particularly relevant when training camps, high-
frequency interval work, or altitude exposure stimulate expansion of red cell mass. In such
settings, a ferritin concentration that is merely “low-normal” for the general population may be

inadequate for optimal training adaptation. 361314

2. Exercise-induced hepcidin and impaired absorption

Over the last two decades, the hepcidin response has emerged as one of the most important
mechanistic links between strenuous exercise and iron deficiency. Acute endurance exercise
increases interleukin-6 and is followed by a rise in hepcidin that usually peaks around 3 hours
after exercise and may persist for several hours. During this window, ferroportin-mediated
transfer of iron from enterocytes and macrophages is reduced, limiting the absorption of oral

iron and transiently decreasing circulating iron availability for erythropoiesis.> 89



The magnitude of the hepcidin response is not uniform. It is influenced by baseline ferritin,
exercise duration, inflammatory signaling, sex, circadian factors, and perhaps cardiorespiratory
fitness. Athletes with very low iron stores tend to mount a blunted hepcidin response, reflecting
homeostatic suppression by deficiency itself. By contrast, athletes with adequate or high ferritin
may experience a more pronounced post-exercise rise. This helps explain why the same training
session can produce different iron-handling consequences in different athletes.”*°

From a practical standpoint, timing matters. Experimental work suggests that morning exercise
and the scheduling of iron intake outside the peak hepcidin window may improve absorption
relative to later-day exercise or poorly timed supplementation. The implications are clinically
meaningful for athletes who train once or twice daily and repeatedly expose themselves to

periods of impaired gut iron uptake.®1°

3. Hemolysis and mechanical erythrocyte destruction

Mechanical destruction of erythrocytes is a well-described consequence of repetitive impact
loading. Long-distance running is the classic example, where “foot-strike hemolysis” produces
haptoglobin depletion and mild intravascular hemolysis. Although a single bout may have only
modest hematologic consequences, chronic repetition over weeks to months can increase iron
turnover and contribute to depletion, especially when combined with other sources of loss or
poor intake.t>18

It is important, however, not to overstate hemolysis in isolation. Modern studies indicate that
hemolysis after endurance events is often measurable but not always clinically dominant. Its
relevance rises when the athlete is simultaneously menstruating, dieting, recovering from illness,
training in heat, or preparing for altitude, because iron recycling and replacement may then fail

to keep pace with demand.6:15-18.35

4. Gastrointestinal ischemia, symptoms, and occult blood loss

Splanchnic hypoperfusion during prolonged strenuous exercise can produce gastrointestinal
symptoms, mucosal injury, occult bleeding, and, in severe cases, visible blood loss. Endoscopic
studies in symptomatic long-distance runners demonstrate erosive and hemorrhagic lesions that
provide a biologically plausible source of chronic iron loss. The effect appears more relevant
in prolonged endurance events, hot conditions, dehydration, NSAID exposure, and athletes with
frequent gastrointestinal distress during training or racing.1820:3

The clinical message is that unexplained iron deficiency in an endurance athlete should not

automatically be attributed to “normal training.” Recurrent gastrointestinal symptoms, use of



nonsteroidal anti-inflammatory drugs, celiac disease, inflammatory bowel disease, and other
gastrointestinal pathology still require active consideration because they may coexist with

exercise-related mechanisms.18:20.37

5. Sweat, urine, and hematuria

Sweat and urinary losses are often described as secondary contributors rather than the dominant
cause of deficiency, but they become relevant when training volume is high and several small
mechanisms accumulate. Dermal iron losses were documented decades ago in heavily training
endurance athletes, and exercise-associated hematuria remains a recognized phenomenon after
prolonged or high-impact activity. In isolation these pathways may be modest; in aggregate,
they can matter.1%.2037

Clinically, the contribution of sweat and urine is most plausible in athletes training for long
durations in hot environments, particularly when intake is marginal or when menstrual or
gastrointestinal losses coexist. This cumulative-burden model is more consistent with the

modern evidence than the older search for a single dominant mechanism.819.203537

6. Low energy availability, restrictive diets, and menstrual loss

Nutritional inadequacy amplifies the effects of exercise-related iron loss. Low energy
availability is associated with poorer diet quality, lower absolute iron intake, and altered
hepcidin physiology. Contemporary sports nutrition models that restrict carbohydrate
availability may further intensify post-exercise disturbances in iron regulation, although the
exact size of the effect varies across studies. VVegetarian or vegan diets can support athlete health,
but only when meal planning preserves total iron intake and enhances non-heme iron
bioavailability.6:31.34-36

Among menstruating athletes, heavy menstrual bleeding remains one of the most important
non-exercise contributors to iron deficiency and often interacts synergistically with hard
training. Modern reviews emphasize that athletic females should not be treated as a uniform
risk group; menstrual history, hormonal contraception, symptoms suggestive of low energy
availability, and sport-specific training loads all influence the likelihood of depletion. Heavy
menstrual bleeding may be the decisive factor in one athlete, while in another the primary driver

is endurance training with suboptimal fueling.?-243435



7. Altitude as an amplifier of deficiency risk

Altitude exposure deserves special attention because it both increases erythropoietic demand
and intersects with the exercise-driven regulation of hepcidin. Athletes with inadequate iron
stores demonstrate a blunted erythropoietic response and smaller gains in red cell volume
during altitude training. Conversely, when iron is provided appropriately before and during
altitude camps, hematologic adaptation is improved. This is why sports medicine

recommendations often aim for ferritin concentrations that are higher before altitude than would

usually be targeted in sea-level training.31-14

Table 1. Major pathways linking intense exercise to iron deficiency

trauma with

especially high

Pathway Mechanism Typical settings Clinical weight
Hepcidin surge Exercise-induced Prolonged High
IL-6 and endurance work,
inflammatory repeated daily
signaling reduce sessions, poor
ferroportin activity | fueling
and temporarily
limit dietary iron
absorption and iron
release from stores.
Increased demand Expansion of red Training camps, High
cell mass, growth, return-to-
myoglobin play, altitude
turnover,
mitochondrial
adaptation, and
tissue repair
increase iron
requirement.
Hemolysis Mechanical red-cell | Running, Moderate




accelerated turnover

mileage and impact

erosions, occult or

overt bleeding.

and recycling loading
demand.
Gl blood loss Splanchnic Long races, heat, Moderate—high
hypoperfusion, dehydration,
mucosal injury, NSAID use

Sweat/urine/hematuria

Small but
cumulative iron
losses outside

normal turnover.

Heat, long-duration
sessions, repeated

impact

Low—moderate

Low energy

availability

Reduced iron intake
and altered
regulatory
signaling; often
coexists with
menstrual
dysfunction or

restrictive eating.

Weight-sensitive
sport, dieting,
RED-S

High in selected

athletes

Menstrual/other non-

exercise losses

Blood loss
independent of
training but
synergistic with
training load.

Menstruating
athletes, Gl
disease, blood

donation

High in selected

athletes

Table 1 summarizes the cumulative-burden model: in real athletes, iron deficiency rarely arises
from one mechanism alone. Instead, intense training often reveals a pre-existing vulnerability

and then sustains it by preventing restoration of iron balance.3-7:1920,3435



Which athletes are most vulnerable?

The risk of iron deficiency is not evenly distributed across sport. Female athletes, adolescent
athletes, endurance athletes, athletes with low energy availability, and those exposed to altitude
or unusually heavy blocks of training appear to carry the greatest burden. Retrospective and
cohort studies repeatedly show a markedly higher prevalence of deficiency in female compared
with male athletes, while contemporary data also show that young athletes and endurance
athletes remain overrepresented among cases.?!-?°

That said, “female sex” should be understood as a proxy for a broader cluster of risk factors
rather than a deterministic explanation. Menstrual blood loss, dietary restriction, body-
composition pressure, lower baseline ferritin, and higher rates of endurance participation
explain much of the epidemiology. Male athletes are less often deficient but are not protected
when exposed to very high training loads, restrictive diets, gastrointestinal pathology, or

repeated altitude camps.36:21-25:35

Does the effect differ by sport modality?

The effect of intense exercise on iron balance is strongest and best documented in endurance
sport, where long training duration, high energy expenditure, repetitive impact, and frequent
inflammatory stimuli converge. Distance running, triathlon, rowing, cycling stage racing, cross-
country skiing, and military training repeatedly emerge as high-risk contexts. By contrast, the
average risk is lower in pure power and skill sports because total training volume and hemolytic
burden are often smaller; however, risk remains clinically important when body-composition
pressure, dietary restriction, growth, or menstrual losses are present.3-6:21-25,31,35-37

Team-sport and mixed-sport athletes should therefore not be excluded from consideration.
Professional female athletes in ball sports and combat sports have demonstrated substantial
rates of iron-deficient erythropoiesis, and young athletes in university or academy settings may
be depleted despite never meeting criteria for anemia. The practical error is to assume that only
marathoners become iron deficient. In reality, sport type modifies the probability of deficiency
but does not remove the need for targeted testing in symptomatic athletes.?2-253%37

A second clinical nuance is that the most meaningful exposure variable is often not the sport
label itself but the combination of training density and recovery opportunity. Two athletes in
the same discipline may face very different iron stress depending on whether they train once or
twice daily, whether they are in a rapid weight-loss phase, and whether they are simultaneously
recovering from altitude, illness, or injury. Longitudinal history is therefore more informative

than discipline alone.5:81031.34-37
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Clinical consequences for health and performance

The clinical consequences of deficiency exist on a spectrum. Iron deficiency without anemia
may present with fatigue, reduced training tolerance, poor recovery, exercise intolerance, lower
motivation, or a perceived decline in performance despite a normal hemoglobin value. As
depletion worsens, functional iron restriction may compromise mitochondrial metabolism and
muscle energetics before frank oxygen-carrying capacity falls. Once iron-deficiency anemia
develops, reduced hemoglobin mass and impaired oxygen delivery become dominant drivers
of reduced aerobic performance.?25-27:36

The performance literature is heterogeneous, partly because study populations differ in baseline
ferritin, sex, sport, and outcome selection. Nonetheless, several consistent themes emerge. Iron
depletion is associated with slower rowing performance and lower VO2-related outcomes in
endurance settings, while more recent athlete cohorts show an independent association between
iron deficiency and reduced VO2 peak. Supplementation appears most beneficial when baseline
stores are genuinely low; in iron-replete athletes, ergogenic effects are minimal and unnecessary
treatment risks overuse of iron.2>-33:36

From a medical perspective, the key point is that “normal hemoglobin” does not exclude
clinically meaningful iron-related impairment. Athletes may have reduced vigor, progressive
fatigue, impaired adaptation to training, and underperformance long before meeting laboratory
criteria for anemia. That is why sports medicine practice increasingly separates iron deficiency
without anemia from iron-deficiency anemia rather than using hemoglobin alone as the

screening gate.236:26.27.35,36

1. Distinguishing sports pseudoanemia from true deficiency

Training increases plasma volume, especially in endurance athletes, and this lowers measured
hemoglobin concentration and hematocrit without reducing total hemoglobin mass. This
dilutional state, often referred to as sports anemia or pseudoanemia, is an adaptive phenomenon
that improves thermoregulation and stroke volume. It should not be mistaken for true iron
deficiency. A low-normal hemoglobin in a heavily trained athlete may therefore reflect healthy
plasma expansion, whereas a low ferritin with falling transferrin saturation suggests true
deficiency.320.37

The distinction matters because pseudoanemia does not require iron therapy, whereas true
deficiency does. Uncritical iron prescription based only on hemoglobin may expose athletes to

gastrointestinal side effects, poor adherence, unnecessary parenteral treatment, or even iron

11



overload in rare cases. For that reason, hemoglobin should be interpreted alongside ferritin, iron

indices, inflammatory context, menstrual or gastrointestinal history, and training load.23203437

2. Diagnostic approach in the athlete with suspected iron deficiency
Evaluation begins with history. Clinicians should document sport type, current training load,
recent training camps, altitude exposure, dietary pattern, low energy availability symptoms,
menstrual bleeding, gastrointestinal complaints, blood donation, NSAID use, prior iron therapy,
and the timing of blood sampling relative to recent hard exercise or illness. These elements
frequently explain the laboratory picture as much as the numbers themselves.263435
Most athlete-focused reviews recommend a minimum panel including hemoglobin, hematocrit,
mean corpuscular volume, mean corpuscular hemoglobin, serum ferritin, and, when the picture
is unclear, transferrin saturation and C-reactive protein. Ferritin remains the most useful marker
of depleted stores, but its interpretation is limited by inflammation and acute exercise. In
practice, many sports medicine programs regard ferritin below 30 pg/L as clinically relevant in
adults, while ferritin goals closer to 50 pg/L are often used before altitude exposure or in
selected elite endurance settings.?36:13:34-36
Where inflammation or borderline values complicate interpretation, soluble transferrin receptor,
reticulocyte hemoglobin indices, or longitudinal repeat testing can help. Blood sampling should
ideally be performed under standardized conditions, away from acute illness and not
immediately after a race or unusually hard session, because transient post-exercise shifts in
plasma volume and ferritin may obscure the underlying state. Persistent or severe deficiency
requires evaluation for non-sport causes, particularly gastrointestinal blood loss and
malabsorptive disease.?36:18.34-37

a. Table 2. Practical laboratory interpretation and management framework

Clinical scenario

Typical pattern

What it suggests

Usual response

Adaptive plasma

expansion

Hemoglobin low-
normal; ferritin

adequate; athlete
well and training

heavily

Pseudoanemia /

hemodilution

No iron solely for
hemoglobin; repeat
and correlate

clinically
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Iron depletion

without anemia

Ferritin low:;
hemoglobin still

normal

Early deficiency
affecting

recovery/performance

Address cause,
optimize diet,

consider oral iron

Iron-deficiency

Low ferritin with

True deficiency with

Treat cause, oral

anemia low hemoglobin impaired oxygen iron or selective IV
and microcytosis transport iron, follow
evolving response

Inflammatory Ferritin Ferritin may be falsely | Repeat after

confounding normal/high with reassuring recovery; use
raised CRP or TSAT and/or sTfR
recent illness if needed

Altitude

preparation

Ferritin borderline

before camp

Stores may be

inadequate for

erythropoietic demand

Replete before
exposure when
clinically

appropriate

Recurrent

deficiency

Repeated low
ferritin despite

treatment

Ongoing blood loss,
malabsorption, poor
adherence, or

underfueling

Investigate Gl,
menstrual, dietary,

and training factors

Prevention and treatment

Dietary and training measures

The first therapeutic step is to identify the mechanism and reduce ongoing losses where possible.
Athletes should receive individualized nutritional counseling focused on total energy
sufficiency, adequate absolute iron intake, and food combinations that improve bioavailability,
such as pairing non-heme iron sources with vitamin C and avoiding concurrent large doses of
inhibitors like phytate- or polyphenol-rich beverages around key iron-containing meals.
Menstrual and gastrointestinal contributors should be addressed directly rather than treating the

laboratory abnormality alone.36:31:34.35
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Training organization can also help. In athletes with recurrent deficiency, clinicians may
consider the timing of iron-rich meals or supplements away from the expected hepcidin peak
after long or intense sessions, reduction of unnecessary twice-daily endurance work during
repletion, careful NSAID use, and proactive planning before altitude blocks. These measures
are rarely sufficient alone in moderate or severe deficiency but can materially improve the

success of oral therapy.810-14:31

Oral iron

Oral iron remains first-line treatment for most athletes with iron deficiency because it is
effective, inexpensive, and physiologically appropriate. Recent meta-analytic evidence
confirms that oral supplementation reliably raises ferritin in athletes with the lowest baseline
stores, whereas the effect is smaller when pretreatment ferritin is higher. This is an important
reminder that the response to therapy depends on true deficiency severity and not only on the
dose prescribed.332:36

The optimal dosing schedule is still evolving, but the traditional practice of high daily doses
has been challenged by hepcidin biology and tolerability concerns. In practice, many sports
clinicians now prefer moderate elemental iron doses taken once daily or on alternate days, often
in the evening or at a time separated from hard training, gastrointestinal irritants, and calcium-
rich meals. Follow-up should assess symptoms, adherence, side effects, and laboratory response

rather than assuming that a prescription alone has solved the problem,10.14:32,34.35

Parenteral iron

Parenteral iron should be reserved for selected circumstances: intolerance or nonresponse to
adequate oral therapy, severe deficiency requiring rapid repletion, malabsorption, or a time-
critical performance setting in which oral treatment is unlikely to restore stores before a key
competition block. Evidence in athletes shows that intravenous iron can raise ferritin quickly,
but improvements in aerobic performance are inconsistent and are not reliably seen in iron-
replete or only mildly depleted athletes.32°:30.3336

Because parenteral treatment can be overused in high-performance sport, it should be
approached as a medical therapy rather than a performance shortcut. Documentation of true
deficiency, assessment of underlying cause, and awareness of anti-doping regulations and
infusion-volume rules are essential. In routine cases, oral therapy and correction of the

precipitating mechanism remain the safer and more proportionate strategy. 3293033

14



Monitoring and return to performance

Monitoring is best done longitudinally, not with a single “snapshot.” Reassessment after several
weeks should consider both laboratory recovery and the athlete’s lived response: fatigue,
training tolerance, sleep quality, resting heart rate, menstrual symptoms, perceived exertion,
and objective performance metrics. Persistently abnormal results despite reported adherence
warrant reconsideration of diagnosis, ongoing blood loss, inflammation, celiac disease, or

hidden low energy availability.?36:34-37

When iron deficiency should trigger broader medical investigation

Exercise-related iron deficiency is common, but common does not mean universal. A clinician
should broaden the investigation when deficiency is severe, recurrent, disproportionate to the
stated training load, accompanied by significant gastrointestinal symptoms, associated with
marked microcytosis, or present in an athlete whose diet and menstrual history do not plausibly
explain the deficit. In adults, unexplained iron deficiency may signal gastrointestinal blood loss,
malabsorption, inflammatory bowel disease, peptic injury, celiac disease, or other pathology
that should not be masked by repeated supplementation,218:2037.40

Similarly, heavy menstrual bleeding requires specific attention rather than casual reassurance.
Athletes often normalize heavy bleeding because it is longstanding or because symptoms are
overshadowed by training fatigue. Asking directly about cycle length, flooding, clots, iron use,
hormonal contraception, and the number of pads or tampons used can materially change the
diagnostic pathway. In selected cases, gynecologic management may be as important as iron
therapy itself.343540

Differential diagnosis also includes anemia of inflammation, hemoglobinopathies, B12 or folate
deficiency, relative hemodilution, and, occasionally, overreaching or chronic illness presenting
with nonspecific fatigue. The sports setting can bias clinicians toward simple explanations;
good practice requires remaining willing to look beyond sport when the clinical picture is

atypical or when the response to treatment is disappointing.20:37:40

Safety, overtreatment, and supplementation pitfalls

Iron should be prescribed as a treatment for deficiency, not as a reflex performance aid. In iron-
replete athletes, the evidence for ergogenic benefit is weak, whereas adverse effects from
unnecessary treatment are real. Oral iron commonly causes nausea, abdominal discomfort,

constipation, and poor adherence. Parenteral iron restores stores more rapidly, but the speed of

15



repletion does not justify its use when the underlying diagnosis is uncertain or when oral therapy
has not been given a fair trial.®2°:30,33,36.40

Another pitfall is to judge treatment failure too early. Ferritin may rise slowly, especially if
training load remains high, energy availability is poor, or supplements are taken during the post-
exercise hepcidin window. Conversely, a transient ferritin increase soon after strenuous
exercise or illness can create the false impression that stores have normalized. Rechecking
under standardized conditions is therefore as important as choosing the initial test.”:810.3234,36
Newer delivery strategies also require realism. Interest in transdermal iron has grown because
athletes hope to avoid gastrointestinal side effects, but available evidence suggests that oral iron
raises ferritin whereas patches do not provide comparable benefit. The most successful
programs still rely on documented deficiency, careful timing, adequate dose exposure, and

correction of the precipitating cause rather than on novel delivery systems alone.3%3°

Special situations

Adolescents deserve special caution because growth, sport specialization, dieting behaviors,
and menstrual onset can intersect to create large negative iron balance. University and youth
cohort data continue to show substantial rates of nonanemic iron deficiency, particularly in
female athletes. Screening decisions should be individualized but threshold for testing should
be low when fatigue, declining performance, heavy menstrual bleeding, vegetarian diets, or
high training volumes are present.20:2425

Military trainees and other occupational groups exposed to short-term but intense physical
training represent another high-risk population. In these settings, iron status may deteriorate
over only several weeks, and supplementation appears most useful when baseline deficiency is
already present. These observations reinforce the broader point that high training stress can

reveal marginal iron status rapidly, even outside organized elite sport.3!

Future directions

Important gaps remain. Better athlete-specific reference intervals are needed for ferritin and
related biomarkers across sex, age, and sport. The interaction among hepcidin, circadian
biology, menstrual hormones, and carbohydrate availability remains incompletely resolved.
More randomized trials are also needed to determine which athletes truly benefit from
parenteral iron, how best to schedule oral dosing around training, and whether modern
biomarkers such as reticulocyte hemoglobin content or hepcidin itself can improve decision-

making beyond ferritin and transferrin saturation.’-31-3
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Conclusion

Intense physical exercise can promote iron deficiency through a clinically important
convergence of mechanisms rather than a single isolated pathway. The most influential
processes are increased iron demand, post-exercise hepcidin upregulation with impaired
absorption, mechanical hemolysis, gastrointestinal blood loss, and the interaction of training
load with low energy availability or menstrual loss. The effect is strongest in endurance athletes,
female and adolescent athletes, and those preparing for altitude exposure.3-8:11-14.21-25

For clinicians, the practical message is straightforward: do not confuse dilutional pseudoanemia
with true deficiency, do not rely on hemoglobin alone, and do not treat athletes blindly with
iron in the absence of documented need. A structured history, context-aware laboratory
interpretation, and careful correction of the underlying mechanism are more important than any
single ferritin threshold. When true deficiency is present, oral iron is usually the first-line
therapy, while parenteral iron is best reserved for selected cases. With this approach, most

athletes can restore iron balance and recover both health and training capacity.?320:32-37
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