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ABSTRAKT

Iron deficiency without anemia (IDWA) represents a hidden yet preva-
lent condition that disrupts fundamentalphysiological processes long
before classical pre-anemia becomes apparent. Although hemoglo-
bin concentrationremains within reference limits, depleted iron stores
impair energy metabolism, cognitive capacity, and physicalendurance
(Camaschella, 2019). Across diverse populations—women of repro-
ductive age, children, older adults, andathletes—this latent deficiency
compromises health, productivity, and quality of life (Lopez et al., 2016).
Moderndiagnostic tools now make early detection possible through mea-
surement of ferritin, transferrin saturation, andinflammatory indicators
such as hepcidin (Pasricha et al., 2021). Still, awareness among clinicians
and the general publicremains limited. This review integrates contempo-
rary evidence concerning iron metabolism, mechanisms of deficiency,epi-
demiology, clinical presentation, and management strategies, highlighting
the importance of early recognition. Bysynthesising insights from haema-
tology, nutrition science, and performance physiology, the paper aims to
provide acomprehensive foundation for improved prevention and treat-
ment of this under-recognised disorder
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Aim of the Work siology andthe progression of deficiency, assesses epidemiologi-
caldata, describes diagnostic challenges, and considerseffective

The objective of this paper is to present a detailed,evidence- therapeutic and preventive strategies. Emphasisis placed on
-based analysis of iron deficiency withoutanemia, exploring its integrating biomedical and performance-health perspectives to
biological definition, clinicalrelevance, and public-health impli- guide early recognition andintervention across varied popula-

cations. The workconsolidates existing knowledge on iron phy- tion groups
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Methods and Materials

This review has been developed through a structured-
narrative methodology following PRISMA guidelines
fornon-systematic reviews. A comprehensive literatu-
research was performed using PubMed, Scopus, and
Web ofScience databases for the years 2000 to 2024.
The searchstrategy used combinations of key terms
including irondeficiency without anemia, latent iron
deficiency, ferritin,hepcidin, exercise, women’s health,
inflammation, andnutrition. Peer-reviewed review artic-
les, randomisedclinical trials, epidemiological surveys,
and official health-organisation reports were included.
Sources selectedemphasised human research and En-
glish-languagepublications. Data were organised under
thematicframeworks encompassing physiology, patho-
physiology,clinical manifestations, diagnostic criteria,
andmanagement. Cross-referencing ensured complete-
nessand reduced overlap among sections. Ethical appro-
val wasnot required because only previously published
data wereused.

Introduction

Iron is indispensable for cellular respiration, DNA-
synthesis, and immune regulation. Its deficiency is
theworld’s most common micronutrient imbalan-
cehistorically associated chiefly with anemia (Zim-
mermannand Hurrell, 2007). Yet advances in un-
derstanding ironbiochemistry have revealed that
substantial impairmentoccurs even before red-cell in-
dices decline. Iron deficiencywithout anemia (IDWA)
has moved from a theoreticalstage to a measurable
and clinically relevant condition.Estimates suggest
that when non-anaemic forms areconsidered, well
over two billion people worldwide areiron-deficient
(Lopez et al,, 2016; Whitfield et al., 2020).The health
implications extend beyond diminished workcapacity:
reduced attention spans in students, loweredexercise
tolerance in athletes, and poorer pregnancyoutcomes
in women all trace back to suboptimal ironavailability
(Camaschella, 2015).

Recognition of IDWA emerged alongside develop-
ments inbiochemical testing. Ferritin assays introdu-
ced in the latetwentieth century provided direct qu-
antification ofstorage iron, revealing individuals with
low reservesdespite normal hemoglobin. Subsequent
investigationdemonstrated that mitochondrial energy
output, thyroidfunction, reproductive hormones, and
neuraldevelopment all depend upon adequate intra-
cellular iron(Hentze et al., 2010). Consequently, clini-

cians nowappreciate that the transition from normal
ironhomeostasis to anemia is gradual, and interve-
ning earlyoffers significant benefits in quality of life
andperformance outcomes (Camaschella, 2019).

Iron status exerts considerable socioeconomic
influence.Persistent tiredness, mild depression, and
reducedproductivity seldom register as medical con-
ditions butcumulatively affect national labour output
andeducational attainment. Women—whose require-
mentsare higher due to menstruation, pregnancy, and
lactation—represent a large proportion of undiagno-
sed cases,particularly in low- and middle-income re-
gions wheredietary diversity is limited (Pasricha et al.,
2021). Thechallenge before modern public health is
therefore notsimply treating anemia, but recognising
and addressingiron deficiency at its earliest, pre-ana-
emic stages.

Chapter 1 - Iron Metabolism I: Funda-
mentals and Regulation

Iron is distributed throughout the human body withre-
markable precision. The adult male containsapproxi-
mately 3.8 g of iron, while the adult femaleaverages
2.6 g. Nearly two-thirds of this is incorporatedinto he-
moglobin molecules within circulatingerythrocytes,
one-fifth is stored in ferritin andhemosiderin within
the liver and reticuloendothelialsystem, and the rema-
inder exists in myoglobin and iron-dependent enzy-
mes (Arosio, Elia and Poli, 2021).Continuous recyc-
ling from senescent red blood cellsrecovers around
20 mg each day, while intestinalabsorption of roughly
1-2 mg compensates forunavoidable losses. Becau-
se humans lack a physiologicalexcretory mechanism
for iron, homeostasis dependsentirely on regulated
absorption and internalredistribution (Hentze et al.,
2010).

Dietary iron occurs in two chemical forms—heme
andnon-heme. Heme iron, derived from the porphy-
rincomplex in animal tissue, is readily absorbed in
the smallintestine through a specialised carrier me-
chanism, withefficiency ranging from 15 to 35 per-
cent. Non-heme iron—found in plants, legumes, and
fortified grains—is absorbedat far lower proportions,
typically 2 to 10 percent, and isstrongly influenced by
dietary composition (Hurrell andEgli, 2010). Ascorbic
acid and certain amino acids enhancenon-heme ab-
sorption, whereas phytates, calcium, andpolyphenols
inhibit it. Iron absorption thus variesmarkedly across
regions with differing staple diets:omnivorous popu-
lations may assimilate severalmilligrams more per
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day than those relying primarily oncereals and pulses
(Zimmermann and Hurrell, 2007).

After ingestion, iron is absorbed chiefly in the
duodenum.Ferric ions must be enzymatically redu-
ced to the ferrousstate to pass through divalent metal
transporter 1 (DMT1)into enterocytes. Within the-
se mucosal cells, iron facesthree fates: utilisation for
local metabolic processes,storage within ferritin, or
transfer into the circulationthrough ferroportin chan-
nels at the basolateralmembrane. This final step is the
gatekeeper for systemiciron intake and is exquisitely
controlled by the peptidehormone hepcidin (Ganz
and Nemeth, 2015). Produced byhepatocytes in re-
sponse to circulating iron andinflammatory stimuli,
hepcidin binds to ferroportin andinduces its interna-
lisation and degradation, slowing ironexport. When
iron stores fall, hepcidin productiondeclines, opening
the gateway for enhanced absorption(Drakesmith and
Prentice, 2012).

Circulating iron binds immediately to transfer-
rin, aglycoprotein that transports ferric ions safely to
tissueswhile preventing free-iron toxicity. Each trans-
ferrin molecule carries two iron atoms and usually cir-
culatesabout one-third saturated. Cells with metabolic
demandexpress transferrin receptor 1 (TfR1) to cap-
ture andinternalise the complex. Inside endosomes,
iron is reducedand released into the cytoplasm, fe-
eding mitochondrialenzymes, myoglobin, or the fer-
ritin storage pool (Hentzeet al., 2010). This intricate
system ensures constant irondelivery amid changing
physiological circumstances.During periods of gro-
wth, menstruation, or pregnancy,absorption efficien-
cy rises; during inflammation orinfection, it falls as a
protective mechanism to limitmicrobial access to iron
(Drakesmith and Prentice, 2012).Understanding this
balance is crucial to interpreting bothovert anemia
and subtler deficiencies such as IDWA.

Chapter 2 - Iron Metabolism II: Hepcidin
and Homeostatic Balance

Iron equilibrium depends upon reciprocal commu-
nicationbetween body compartments, orchestrated
mainly byhepcidin. High plasma iron or inflamma-
tory cytokinessuch as interleukin-6 up-regulate hep-
cidin synthesis,which binds to ferroportin on entero-
cytes andmacrophages, triggering its internalisation
anddegradation (Ganz and Nemeth, 2015). This ef-
fectivelytraps iron within storage cells and lowers
plasmaconcentration. Conversely, anemia, hypoxia,
andincreased erythropoietic activity suppress hep-
cidin,facilitating iron absorption and mobilisation.

Themechanism forms a feedback loop that maintains
stableiron availability for hemoglobin synthesis and
cellularmetabolism (Camaschella, 2019).

Genetic variations profoundly influence this regu-
latoryaxis. Mutations in the HFE, HAMP, and TFR2
genes—classically associated with hereditary hemo-
chromatosis—reduce hepcidin expression and cause
iron overload.Conversely, conditions with chronic im-
mune activationoverproduce hepcidin, diminishing
absorption andcirculation. This ,anemia of inflam-
mation” spectrumoverlaps biochemically with IDWA:
ferritin may appearnormal or modestly elevated due
to its role as an acute-phase reactant, yet tissue iron
remains inadequate(Wessling-Resnick, 2020).

Disruptions to hepcidin balance are now recogni-
sed inseveral everyday circumstances. Obesity and
metabolicsyndrome elevate low-grade inflammatory
signalling,chronically stimulating hepcidin and con-
tributing tofunctional deficiency even in well-no-
urished individuals(Zacharski et al., 2020). Enduran-
ce athletes, repeatedlyexposed to muscle micro-injury
and high interleukin-6release, experience transient
surges in hepcidin post-exercise, transiently reducing
iron absorption for up to 24hours (Peeling and Hall,
2023). While adaptive in infectioncontrol, these re-
sponses become maladaptive whensustained, locking
iron away from plasma despitesuflicient intake (Bur-
den et al., 2016).

Research during the past decade has also illumina-
tedhormonal influences on iron regulation. Estrogen
appearsto suppress hepcidin expression, explaining
why womensiron absorption rises during phases
of the menstrual cycle.Testosterone likewise exerts
hepcidin-lowering effects;therefore hypogonadism
is often accompanied by relativeiron retention. Col-
lectively, these findings underscore thattDWA is not
merely nutritional but often hormonal,genetic, or in-
flammatory in origin (Camaschella, 2019;Ganz and
Nemeth, 2015).

Chapter 3 - Pathophysiology of Iron De-
ficiency Without Anemia

Iron deficiency evolves gradually from depleted sto-
rage todeficient transport and, eventually, erythropo-
ieticlimitation. In the IDWA stage, ferritin and trans-
ferrinsaturation are low while hemoglobin remains
withinnormal limits. This apparent normality masks
substantialcellular impairment. Iron-dependent en-
zymes inmitochondria—such as cytochromes, succi-
natedehydrogenase, and aconitase—decline in activi-
ty,resulting in reduced oxidative phosphorylation and
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ATPgeneration. Skeletal muscle fibre studies show
diminishedaerobic efficiency, explaining the charac-
teristic earlyfatigue described by patients (DellaValle
and Haas, 2019).

Beyond energy metabolism, insufficient iron alter-
sneurochemical balance. As a cofactor for tyrosinehy-
droxylase and tryptophan hydroxylase, iron support-
sthe synthesis of dopamine and serotonin. Reduction
inthese pathways can impair cognitive performance
andmood stability (Beard, 2003; Murray-Kolb and
Beard,2007). Structural neuroimaging in chronical-
ly deficientindividuals demonstrates reduced myelin
content inspecific brain regions, affirming iron’s role
in neurologicalintegrity.

At the immune level, macrophages and lympho-
cytesdepend on iron for DNA-synthesising enzymes.
Experimental models of deficiency display weakened
T-cell proliferation and compromised bacterial kil-
ling. Clinically, such deficits translate into increased-
susceptibility to infections or prolonged recovery pe-
riodsfollowing illness or training injury (Drakesmith
and Prentice, 2012).

Inflammatory activation complicates this picture
byredistributing iron away from plasma. Cytokine-
-drivenhepcidin surges block ferroportin, trapping
iron withinmacrophages and enterocytes. This me-
chanism, meant tolimit microbial growth, inadver-
tently reduces ironavailability for erythropoiesis and
cellular respiration. Thebiochemical signature—low
transferrin saturation andnormal or high ferritin—is
frequently misinterpreted asadequate stores when it
may signify functional deficiency(Wessling-Resnick,
2020; Zacharski et al., 2020).

In muscle tissue, reduced iron content decre-
asesmyoglobin concentration and oxidative enzy-
meexpression, producing earlier lactic acid accu-
mulation andslower recovery. Among athletes, even
minimal deficitscan reduce race performance or tra-
ining adaptation byseveral percentage points (Peeling
et al., 2017). Thus,IDWA is not benign but a state of
suboptimal metabolismaffecting diverse organ sys-
tems long before anemiamanifests.

Chapter 4 - Etiology and Risk Factors

Multiple interacting factors precipitate IDWA. Insuf-
ficientdietary intake remains important, particularly
inpopulations consuming predominantly plant-based
diets.Vegetarian and vegan menus, though otherwise
healthful,depend on non-heme iron, which has low
bioavailability(Hurrell and Egli, 2010). Surveys across
Europe and NorthAmerica show that up to one-third

of women fail to meetrecommended intakes (Whit-
field et al., 2020).Sociocultural patterns further ma-
gnify risk: adolescentsadopting restrictive diets for
weight control, or individualsreducing meat con-
sumption for sustainability reasons,may inadvertently
lower iron intake below physiological demand.

Physiological conditions that increase require-
ments—including growth, menstruation, and pre-
gnancy—alsopromote IDWA. Each menstrual cycle
results in an averageloss of approximately 1 mg of iron
per day, while gestationdemands an additional total of
approximately 1,000 mg tosupport placental develop-
ment and fetal growth (Milman,2022). If dietary com-
pensation does not match theseneeds, depletion ensu-
es rapidly. Intense physical trainingrepresents another
scenario of elevated turnover.Endurance athletes lose
iron through sweat,gastrointestinal micro-bleeding,
and red-cell destructioncaused by repetitive foot im-
pact. The phenomenon of”sports anemia,” though
often dismissed as a consequenceof hemoglobin dilu-
tion, frequently reflects underlyingIDWA (Burden et
al., 2016; Peeling and Hall, 2023).

Chronic blood loss from the gastrointestinal tract
is anequally relevant and often under-recognised
cause. Smallbut continuous bleeding due to gastritis,
peptic ulcers,haemorrhoids, or frequent use of non-
-steroidal anti-inflammatory drugs may go unnoticed
while progressivelyexhausting reserves (Camaschella,
2015). In older adults,colonic polyps or malignancies
are potential sourcesdemanding endoscopic evalu-
ation once iron deficiency isconfirmed (Jimenez, Kul-
nigg-Dabsch and Gasche, 2015).

Malabsorption syndromes profoundly influence
ironstatus. Diseases such as celiac disease and Helico-
bacterpylori infection interfere with duodenal uptake.
Surgicalprocedures that bypass or resect the upper
intestine,including bariatric operations, significantly
reduceabsorption surface area, predisposing to life-
longsupplementation needs (De Bortoli et al., 2018;
Munoz etal., 2019).

Chronic inflammatory states—including rheuma-
toidarthritis, inflammatory bowel disease, chronic
kidneydisease, and obesity—cause persistent hepcidin
elevationand functional sequestration of iron (Ganz
and Nemeth,2015). Even mild inflammation reflected
by modest CRPelevation can depress transferrin sa-
turation. In suchpatients, oral iron often fails because
iron is trappedwithin macrophages and hepatocytes
rather thancirculating to meet cellular needs (Wesslin-
g-Resnick,2020).Socioeconomic determinants matter
just as much asbiological ones. Food insecurity, limi-
ted access to fortifiedproducts, and inadequate health
education perpetuatedeficiencies in low-income set-

DOI: 10.12775/JEHS.2026.95.73645



Iron Deficiency Without Anemia: Recognition, Causes, and Clinical

JEHS

tings (Lopez et al,, 2016).Conversely, in high-income
societies, emphasis on calorierestriction and dietary
fashion trends contribute in subtlerways. Thus, the
landscape of IDWA stretches fromnutritional poverty
to modern wellness cultures, united byimbalance be-
tween intake, absorption, and requirement.

Chapter 5 - Clinical Manifestations

Although hemoglobin values remain normal, patients
withIDWA often experience symptoms usually attri-
buted toanemia. Fatigue is the most prevalent com-
plaint, oftenaccompanied by diminished cognitive
performance andmood alterations. These manifesta-
tions originate fromdecreased mitochondrial activity
and reducedneurotransmitter synthesis; they are not
psychologicalartefacts but biochemical consequen-
ces of limited ironavailability at the tissue level (Ca-
maschella, 2019). Studiesconsistently show improved
energy, focus, and moodwhen ferritin is restored abo-
ve 50 ug/L, even withoutchanges in hemoglobin (Yoo
et al., 2020).

Physical performance declines accompany the
metabolicdeficit. Muscle biopsies reveal lowered oxi-
dative enzymecontent, accounting for early onset of
fatigue during training or routine activity (DellaValle
and Haas, 2019).Athletes with ferritin below 30-40
pg/L performmeasurably worse in endurance tests
(Peeling et al., 2017).In occupational settings, wor-
kers with subclinicaldeficiency report more frequent
exhaustion and slowerreaction times, highlighting so-
cioeconomic costs thatextend beyond sport (Lopez et
al.,, 2016).

Neurological consequences are equally striking.
Ironparticipates in myelin formation, and its deficien-
cydisrupts neural conduction efficiency. Adults may
noticepoor concentration and memory; in children
andadolescents, sustained deficiency can impair le-
arningability and intellectual development (Beard,
2003; Murray-Kolb and Beard, 2007). Sleep disorders
such as restless legssyndrome correlate strongly with
ferritin levels below 50ug/L, underscoring the nervo-
us system’s reliance on ironsufficiency (Winkelman,
2021).

Somatic signs—brittle nails, hair shedding, or pal-
lor—remain nonspecific but contribute to diagnostic
suspicion.Even immune function is subtly affected;
recurrentinfections or delayed recovery reflect com-
promisedlymphocyte proliferation and neutrophil ef-
ficiency(Drakesmith and Prentice, 2012). Collectively,
thesemanifestations portray IDWA as a condition
that erodesoverall vitality rather than presenting as

a single organdisease. Appreciating these early signs
allowsinterventions that restore normal function long
beforeanemia materialises.

Chapter 6 - Diagnostic Evaluation

Accurate determination of iron deficiency without
anemiarequires attention to biochemical indicators
that revealearly depletion of iron stores before hemo-
globin falls.Because many patients with IDWA pre-
sent withnonspecific symptoms—persistent fatigue,
cognitivedifficulties, or modest reductions in perfor-
mance—laboratory testing becomes essential (Schrier
andAuerbach, 2023). Traditional reliance on hemo-
globin andhematocrit alone misses up to half of defi-
cient individuals.Therefore, physicians and nutrition
specialists evaluate abroader panel of parameters that
reflect both iron storageand transport dynamics (Ca-
maschella, 2015).

The central biomarker of stored iron is serum fer-
ritin.Concentrations below 30 pg/L in adults or below
50 pg/L inathletes and women of reproductive age are
widelyaccepted as diagnostic of deficiency (Pasricha
et al.,, 2021).Yet ferritin doubles as an acute-phase re-
actant and rises insystemic inflammation, masking
iron lack when C-reactiveprotein (CRP) or erythro-
cyte sedimentation rate (ESR) areelevated. In these
instances, transferrin saturation (TSAT)and soluble
transferrin receptor (sTfR) tests areindispensable. A
TSAT below 20 percent indicates reducedcirculating
iron supply, while an elevated sTfR mirrorsincreased
cellular demand. The ratio of sTfR to thelogarithm
of ferritin—the sTfR-ferritin index—may beamong
the most sensitive laboratory discriminatorsbetween
functional iron restriction and true irondeficiency
(Pasricha et al., 2021; Camaschella, 2019).

Serological findings should always be integrated
withpatient history and physical indicators. In wo-
men, inquiryabout menstrual flow and pregnancies
provides context;in athletes, training intensity, dietary
composition, andrecent illness help explain transient
variations (Peeling etal., 2017). For older adults or
individuals withgastrointestinal symptoms, faecal oc-
cult blood testing orendoscopic examination may be
warranted to excludesilent bleeding (Jimenez, Kulnig-
g-Dabsch and Gasche,2015).

Population-specific reference values are increasin-
glyemphasised. Children may experience cogniti-
veimpairment even at ferritin levels deemed normal
foradults, while patients with chronic kidney disease
or heartfailure exhibit altered set-points due to in-
flammation anderythropoietin use (Wessling-Re-
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snick, 2020).Consequently, interpretation demands
both biochemicalexpertise and understanding of
individual physiology.When these principles are ap-
plied, IDWA emerges as ameasurable, actionable con-
dition rather than a vagueclinical impression. The in-
corporation of ferritin andtransferrin saturation into
standard health-check panelscould, in many settings,
transform early identification andprevention outco-
mes (Schrier and Auerbach, 2023).

Chapter 7 - Clinical Management

Treatment of iron deficiency without anemia aims
torestore tissue iron stores, relieve symptoms, and
preventprogression to anemia through a combination
of supplementation, correction of underlying causes,
anddietary optimisation (Camaschella, 2015; Jimenez,
Kulnigg-Dabsch and Gasche, 2015).

Oral iron therapy is the mainstay for uncompli-
cated IDWAbecause of its safety, cost-effectiveness,
and convenience.Common preparations include fer-
rous sulfate, ferrousfumarate, and ferrous gluconate,
typically providing 60-100 mg of elemental iron per
dose. Gastrointestinal sideeffects—nausea, constipa-
tion, and abdominal discomfort—are common and
a leading cause of non-adherence; alarge meta-analy-
sis confirmed that ferrous sulfate causessignificantly
more gastrointestinal complaints than otherprepara-
tions (Tolkien, Stecher and Kumar, 2015).Contempo-
rary evidence demonstrates that alternate-daydosing
improves absorption and reduces such side effect-
scompared with daily administration. This schedule
allowshepcidin levels—which rise after iron ingestion
andsuppress further absorption—to normalise be-
tween doses,thereby improving efficiency (Stoffel et
al., 2017). Tabletsshould be taken on an empty sto-
mach with water or juicecontaining vitamin C and
separated from dairy productsor caffeine for at least
two hours.

Duration of supplementation depends on the depth
ofdeficiency but usually extends three to six months
beyondnormalisation of ferritin, ensuring not only re-
storation ofhaemoglobin synthesis but replenishment
of storage pools.Monitoring should occur six to eight
weeks after initiation,again at completion of treat-
ment, and periodically everysix months thereafter for
recurrent causes (Schrier andAuerbach, 2023).

Intravenous iron therapy becomes necessary
when oralsupplementation is intolerable or ineffec-
tive due tomalabsorption, inflammation, or need for
rapidrestoration, such as in late pregnancy or pre-
operativeoptimisation. Modern preparations—ferric-

carboxymaltose, ferric derisomaltose, or iron sucro-
se—demonstrate excellent efficacy with minimal risk
of severereaction (Zittel et al., 2020). These formula-
tions deliverlarge doses in short infusions, avoiding
the multipleweekly injections required by older pre-
parations.Clinicians must monitor for transient hypo-
phosphatemia,dizziness, or delayed hypersensitivity
reactions.

In parallel, clinicians must correct aetiological
factors:menorrhagia managed by gynaecologic tre-
atment,gastrointestinal bleeding investigated endo-
scopically, ordiet reinforced through counselling.
After bariatricsurgery or in chronic inflammatory di-
sorders, continuousor intermittent supplementation
may be indicatedindefinitely (Munoz et al., 2019).

For athletes, management requires integration
withtraining plans. Periodic ferritin checks guide ad-
justments,while dietitians ensure adequate iron and
vitamin Cintake. The overarching therapeutic target is
functional iron sufficiency—ferritin above 50 pg/L and
transferrinsaturation above 20 percent—rather than
merelyhaematological normalisation. Restoring these
indices hasbeen repeatedly correlated with improved
endurance,recovery, and mood (Peeling et al., 2017;
Peeling and Hall,2023). An often-neglected compo-
nent is patient education.Explaining the difference
between anemia and pre-anemia empowers patients
to adhere to therapy that maynot produce dramatic
symptomatic relief within days butprevents deterio-
ration later. Consequently, the bestmanagement is
proactive, combining pharmacological,nutritional,
and behavioural measures to secure long-termequili-
brium.

Chapter 8 - Public Health Perspectives
and Special Populations

Iron deficiency without anemia is not confined to
clinicalpractice—it constitutes a global public-health
challenge.Despite progress in food fortification and
anemia control,latent deficiency continues to under-
mine cognitive andphysical potential across demo-
graphic boundaries (Lopezet al., 2016; Whitfield et
al., 2020). Its prevention dependson both population-
-level interventions and targeted actionin vulnerable
groups.

Among women of reproductive age, menstrual
iron loss isthe predominant factor. Policies promoting
access to iron-rich foods, supplementation program-
mes, orcontraceptive methods that reduce menstru-
al bleeding allcontribute to resilience against IDWA.
During pregnancy,routine prophylaxis remains es-
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sential. World HealthOrganization guidelines recom-
mend 30-60 mg ofelemental iron daily from the end
of the first trimesteruntil at least three months post-
partum, a strategy provento decrease fatigue and low
birth-weight risk (WorldHealth Organization, 2020;
Milman, 2022).

Children and adolescents represent another criti-
calcohort. Iron supports rapid growth, brain matu-
ration, andbehaviour regulation. Even moderate de-
ficiency mayimpair school performance—a burden
particularly heavyin regions where diets rely heavily
on cereals with poorbioavailability (Beard, 2003;
Murray-Kolb and Beard,2007). Effective child-health
programmes thereforecombine food fortification with
periodic screening andparental education (Whitfield
et al., 2020).

In older adults, chronic inflammation and poly-
pharmacyinterfere with absorption. Age-associated
gastrichypochlorhydria diminishes non-heme iron
uptake, while medications such as proton-pump inhi-
bitors furtherreduce assimilation. Screening using fer-
ritin and TSATevery few years is justified, especially
in those with fatigueor unexplained frailty (Jimenez,
Kulnigg-Dabsch and Gasche, 2015).

Athletes form a unique special population. De-
mandingtraining schedules, sweat losses, and dietary
restrictionspredispose them to negative iron balance.
Sports nutritionprogrammes now routinely monitor
ferritin as part ofpreseason and in-season assessments.
Correcting milddeficiency improves performance and
reduces injuryrecovery time (Peeling et al., 2017; Bur-
den et al., 2016).

Patients with chronic kidney disease highlight
theinterplay between IDWA and systemic disorders.
Despiteadequate stores, functional deficiency arises
frominflammation-driven hepcidin excess and redu-
cederythropoietin activity. Modern management of
renalanaemia emphasises intravenous iron even be-
fore anemiadevelops, reflecting a shift in therapeutic
philosophytoward proactive correction (Wessling-Re-
snick, 2020; Zacharski et al., 2020).

On the policy level, sustained public education
addressingthe myth that only anemia is harmful can
reframe irondeficiency as a continuum. Governments
have successfullyimplemented flour and rice fortifica-
tion with ferrouscompounds, but monitoring is often
focused solely onhemoglobin. Incorporating ferritin
measurement intonational surveys would yield more
accurate data andguide programme refinement (Pasri-
cha et al., 2021).Combining nutritional strategies with
healthcare-basedscreening provides the most susta-
inable protection againsttDWA.

Chapter 9 - Discussion and Future Rese-
arch Directions

The growing recognition of iron deficiency withouta-
nemia poses both an opportunity and a challenge for-
modern medicine. On one hand, accessible diagnostic
testsand inexpensive treatments make eradication
achievable.On the other, lack of standardised criteria,
inconsistentinterpretation of ferritin levels, and iner-
tia in medicaleducation perpetuate under-diagnosis
(Camaschella, 2019;Pasricha et al., 2021). Establishing
a unified internationaldefinition of IDWA should the-
refore be a priority.

The clinical threshold for ferritin signifying defi-
ciencyremains contentious. Some researchers advo-
cate a cut-oftbelow 30 pg/L universally; others re-
commend higherthresholds for pregnant women or
athletes (Pasricha et al.,2021). Future multicenter trials
that correlate ferritin,transferrin saturation, and hep-
cidin levels with functionaloutcomes—fatigue scales,
exercise performance, cognitivetests—would produ-
ce evidence-based thresholds (Yoo etal., 2020; Mur-
ray-Kolb and Beard, 2007).Further research should
also address hepcidin testing as aroutine laboratory
investigation. Because hepcidindirectly governs iron
absorption and mobilisation,understanding its circa-
dian rhythm and inter-individualvariability could re-
fine individualised supplementation schedules (Ganz
and Nemeth, 2015). Point-of-care assaysfor hepcidin
are in development but not yet widelyavailable.

Personalised approaches to iron therapy represent
afrontier area. Genetic profiling of HFE variants,men-
struation patterns, and inflammation markers may-
guide targeted dosing—avoiding overtreatment that
risksoxidative stress and undertreatment that leaves
symptomsunresolved (Hentze et al., 2010). In ad-
dition, long-termsafety data are needed on high-dose
intravenous ironoutside anemia contexts (Zittel et al.,
2020).

From a policy perspective, the economic impact
ofuntreated IDWA warrants robust analysis. Quanti-
tyingproductivity loss, healthcare utilisation, and edu-
cationalconsequences could motivate stronger public
funding(Lopez et al., 2016). Evaluating the cost-be-
nefit ratio ofintegrated screening within reproduc-
tive-health servicesand athletic programmes would
inform sustainable interventions.

Lastly, advancing communication between disci-
plines—haematology, nutrition, sports medicine, and
psychiatry—could break the compartmentalisation
that has longobscured subclinical deficiencies. IDWA
exemplifies howsubtle metabolic imbalance translates
into broadfunctional decline; understanding and ad-
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dressing itholistically may serve as a model for other
micronutrient-related health challenges (Camaschel-
la, 2015; Zimmermann and Hurrell, 2007).

Chapter 10 - Conclusion

Iron deficiency without anemia occupies a silent spa-
ce inclinical awareness yet carries profound implica-
tions forhealth and human performance. It disrupts
energymetabolism, cognition, and immunity at sta-
gestraditionally considered normal, preceding overt
anemiaby months or years (Camaschella, 2019). The
evidencesummarised here underscores three impe-
ratives:comprehensive screening using ferritin and
transferrinsaturation, appropriate treatment through
tailored ironsupplementation, and enduring preven-
tion strategiesgrounded in nutrition and education
(Pasricha et al., 2021; Stoffel et al., 2017).

When healthcare professionals recognise thatha-
emoglobin alone does not define iron sufficiency, ear-
lyintervention becomes achievable and cost-effective.
Byintegrating IDWA assessment into routine practice,
we canprevent progression to anemia, enhance vitality,
andsupport societal productivity (Lopez et al., 2016).
Continued research, education, and policy integration
willensure that latent iron deficiency—long viewed
as aninvisible condition—receives the attention it de-
serves as acornerstone of preventive medicine.
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