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Abstract: Iron deficiency without anaemia is a common but frequently overlooked clinical state in which iron
stores ot circulating iron availability are reduced while haemoglobin remains within the reference range. This dis-
tinction matters because iron is required not only for erythropoiesis, but also for mitochondrial function, skeletal
muscle metabolism, oxygen handling, immune regulation, and neurological processes. Adults with fatigue, women
with menstrual blood loss, patients with chronic inflaimmatory disease, and patients with heart failure may experi-
ence symptoms and impaired quality of life before anaemia develops. Diagnosis is often delayed when clinicians
rely on haemoglobin alone. Ferritin is the most useful first-line marker of iron stores, but interpretation changes
in inflammation because ferritin is an acute-phase reactant. In otherwise healthy adults, ferritin below 30 pg/L is
commonly used to support iron deficiency; in chronic inflammatory conditions such as heart failure, chronic kid-
ney disease, and inflammatory bowel disease, ferritin below 100 pug/L ot transfetrin saturation below 20% may
indicate clinically relevant iron deficiency, while ferritin between 100 and 300 pg/L generally requires transfetrin
saturation below 20% for diagnosis. Evidence from randomized trials and systematic reviews suggests that iron
treatment can reduce subjective fatigue in selected non-anaemic iron-deficient adults, especially women with low
ferritin, although improvement in objective physical capacity is less consistent. In heart failure, intravenous iron
improves symptoms, functional status, and quality of life in several trials, with less certain effects on mortality.
The clinical task is to identify iron deficiency early, determine its cause, treat appropriately, and measure response

using both biochemical and patient-centred outcomes.
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Introduction

Many patients with iron deficiency are told that their blood count is normal. This may
be technically correct and clinically incomplete. Haemoglobin falls late in the process of iron
depletion. Before anaemia appears, ferritin may already be low, transferrin saturation may be
reduced, and tissues that depend on iron-containing enzymes may be functioning below nor-
mal. The patient may describe exhaustion, poor exercise tolerance, reduced concentration,
restless legs, hair shedding, palpitations, dizziness, or a general loss of capacity. These symp-
toms are not specific, but they should not be dismissed simply because haemoglobin remains
normal.

Iron deficiency without anaemia is usually defined as evidence of depleted iron stores or
reduced iron availability with haemoglobin above the threshold for anaemia. The condition
has also been called non-anaemic iron deficiency, latent iron deficiency, iron depletion, or
iron deficiency without anaemia. The terminology varies, but the clinical issue is the same:
the body has insufficient accessible iron before red cell mass has fallen enough to satisfy the
formal definition of anaemia (1-4).

This review examines iron deficiency without anaemia in adults with fatigue and chronic
disease. It focuses on diagnostic thresholds, women’s health, inflammatory disease, heart
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failure, treatment response, and quality of life. The aim is not to label every tired adult as iron
deficient. It is to show why haemoglobin alone is an inadequate gatekeeper for iron assess-
ment in selected patients.

Evidence base

This narrative review used PubMed-indexed literature on non-anaemic iron deficiency,
iron deficiency without anaemia, ferritin thresholds, transferrin saturation, fatigue, women’s
health, heavy menstrual bleeding, inflammatory bowel disease, chronic inflammatory disease,
chronic kidney disease, heart failure, oral iron, intravenous iron, and quality of life. The in-
cluded sources comprised reviews, clinical guidance, systematic reviews, randomized con-
trolled trials, consensus recommendations, and disease-specific studies.

The evidence is uneven across patient groups. The strongest direct symptom data for
iron deficiency without anaemia come from studies in menstruating or premenopausal
women with fatigue and low ferritin (9-11,20,21). Heart failure has a separate evidence base
because trials commonly define iron deficiency using ferritin and transferrin saturation, and
benefits of intravenous iron are often reported regardless of anaemia status (23-30). In in-
flammatory bowel disease and other chronic inflammatory disorders, the main challenge is
diagnostic interpretation because ferritin rises with inflammation and may conceal iron-re-
stricted states (5,6,31-34).

Why iron deficiency can cause symptoms before anaemia

Iron is best known for its role in haemoglobin, but that is not its only function. Iron is
art of myoglobin, cytochromes, mitochondrial enzymes, ribonucleotide reductase, and man
P yog > CY > Y > 5 y
proteins involved in energy production and cellular metabolism. A fall in haemoglobin re-
duces oxygen-carrying capacity. A fall in available iron may impair tissue function before hae-

yg rying capacity. y imp
moglobin declines (1,2).

This explains why fatigue can appear early. Fatigue in iron deficiency is likely multifac-
torial. Reduced mitochondrial energy production, altered muscle oxygen use, impaired myo-
globin function, changes in neurotransmitter metabolism, sleep disruption from restless legs,
and the inflammatory state that caused or accompanied the deficiency may all contribute. In
chronic disease, the problem can be more complex because symptoms may be caused by the
underlying illness, iron deficiency, medications, poor sleep, deconditioning, depression, pain,
or all of these together.

Iron biology also changes during inflammation. Interleukin-6 and other inflammatory signals in-
crease hepatic hepcidin production. Hepcidin degrades ferroportin, the iron export channel on entero-
cytes and macrophages. As a result, oral iron absorption falls and iron becomes trapped in storage
sites. A patient can therefore have adequate or even increased measured ferritin but poor circulating

iron availability. This is often called functional iron deficiency (5,6).

Figure 1 How iron deficiency can exist before anaemia

Stage 1
Iron stores begin to fall
Ferritin declines

Haemoglobin usually remains normal

Stage 2
Iron delivery to tissues becomes limited

Transferrin saturation may fall
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Fatigue, restless legs, reduced endurance, poor concentration may appear

Stage 3
Iron-restricted erythropoiesis develops
Reticulocyte haemoglobin may fall

Mean corpuscular volume may still be normal

Stage 4
Iron-deficiency anaemia appears
Haemoglobin falls
Microcytosis and hypochromia may develop later

The figure shows a typical sequence. In inflaimmatory disease, the pattern can be less
clear because ferritin may be normal or raised despite restricted iron availability.

Diagnostic thresholds and the problem with ferritin

Ferritin is the most useful first-line test for iron stores in adults without major inflam-
mation. A very low ferritin is highly specific for iron deficiency. The difficulty is deciding
where “low” begins. Traditional cut-offs such as 12 or 15 pg/L are specific but may miss
many symptomatic adults with depleted or insufficient stores. Many clinical reviews and re-
cent recommendations support ferritin below 30 ug/L as a practical adult threshold for iron
deficiency in the absence of inflammation (1,4,8).

In fatigue trials involving non-anaemic women, higher entry thresholds were often used.
Verdon et al. studied non-anaemic women with unexplained fatigue and found benefit from
oral iron, especially when ferritin was low or borderline (9). Vaucher et al. enrolled menstru-
ating non-anaemic women with fatigue and ferritin below 50 pg/L and found improvement
in fatigue after oral iron therapy (10). These trials do not prove that every patient with ferritin
below 50 pg/L needs iron. They do show that symptoms may improve in selected patients
even when haemoglobin is normal.

Inflammation changes interpretation. Ferritin is an acute-phase reactant. In heart failure,
chronic kidney disease, and inflammatory bowel disease, a fertitin of 80 or 150 ng/L may not
mean iron sufficiency if transferrin saturation is low. Dignass et al. noted that ferritin below
100 ng/L ot transferrin saturation below 20% can be considered diagnostic for iron deficiency
in chronic heart failure, chronic kidney disease, and inflammatory bowel disease; if ferritin is
100-300 pg/L, transferrin saturation below 20% is generally needed to confirm iron deficiency
(5). Similar principles appear in expert recommendations across inflammatory conditions (6).

Serum iron alone is a poor diagnostic test. It fluctuates with time of day, diet, inflamma-
tion, and recent iron intake. It should be interpreted as part of an iron panel rather than alone.
Transferrin saturation is more informative because it estimates the proportion of transferrin
binding sites occupied by iron. C-reactive protein can help interpret ferritin when inflamma-
tion is suspected.

Table 1 Practical interpretation of iron tests in adults without anaemia
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Clinical context

Otherwise healthy adult with
fatigue

Menstruating woman with
unexplained fatigue

Inflammatory bowel disease
in remission

Active inflammatory disease

Heart failure

Chronic kidney disease

Normal ferritin with high
CRP

.. Transferrin saturation . . .
Ferritin pattern Likely interpretation
pattern

Often <20% but may be

<30 pg/I. normal

Iron deficiency likely

Iron deficiency may be clini-

< . . . .
50 ng/L in several fatigue trials May be low or bordetline cally relevant

<30 pug/L Often low Absolute iron deficiency likely

<100 pg/L or ferritin 100-300  <20% supports restricted Iron deficiency or functional
pg/L with TSAT <20% availability iron deficiency likely

<100 pg/L or 100-299 ug/I. <20% important for di-  Clinically relevant iron defi-
with TSAT <20% agnosis ciency

Ferritin may be misleadingly nor- TSAT often central to in-  Functional iron deficiency
mal or high terpretation should be considered

TSAT and other markers Iron deficiency cannot be ex-

May be falsely reassuring may be needed cluded confidently

Women’s health and the missed burden of iron depletion

Women of reproductive age carry a high burden of iron deficiency because of menstru-
ation, pregnancy, childbirth, postpartum blood loss, and in some patients heavy menstrual
bleeding. A primary care study found a high prevalence of iron deficiency without anaemia
among women aged 18-50 years when fertitin below 30 ng/mL was used, and only a minority
progressed to anaemia over five years (13). This finding supports an important point: waiting
for anaemia means waiting until a later stage of disease.

Heavy menstrual bleeding is one of the most common and most correctable causes. A
review of guidelines on heavy menstrual bleeding found that recommendations vary in how
consistently they advise screening for iron deficiency and iron-deficiency anaemia, despite the
clear connection between menstrual blood loss and reduced iron stores (14). Munro et al. also
described heavy menstrual bleeding as a major contributor to iron deficiency and iron-defi-
ciency anaemia in gitls and women of reproductive age (15).

Women may present with fatigue, poor concentration, reduced work capacity, headache,
dizziness, restless legs, hair shedding, or exercise intolerance. These symptoms overlap with
thyroid disease, mood disorders, sleep disturbance, chronic infection, autoimmune disease,
pregnancy, and perimenopause. Iron deficiency is not the only explanation. It is, however,
one of the explanations that can be tested and treated.

The clinical history should include menstrual pattern, clotting, flooding, duration of
bleeding, intermenstrual bleeding, pregnancies, postpartum status, diet, blood donation, gas-
trointestinal symptoms, use of antiplatelet or anticoagulant therapy, non-steroidal anti-inflam-
matory drugs, bariatric surgery, and family history of bleeding disorders. Treating iron defi-
ciency without addressing heavy menstrual bleeding may produce temporary improvement
followed by recurrence.

Fatigue and treatment response in non-anaemic adults
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The strongest direct evidence for symptom improvement comes from randomized trials
in women with fatigue and low ferritin. In the BM]J trial by Verdon et al., non-anaemic women
with unexplained fatigue were treated with oral iron or placebo; fatigue improved more with
iron, and benefit appeared greater in those with low or borderline ferritin (9). Vaucher et al.
later showed that oral iron improved fatigue in non-anaemic menstruating women with ferri-
tin below 50 ug/L, and suggested reassessment after six weeks (10).

The evidence is positive but not uniform. Waldvogel et al. studied non-anaemic but iron-
deficient female blood donors after donation and found biochemical improvement with oral
iron but no significant clinical improvement in fatigue over four weeks (20). This suggests
that context matters. Fatigue after blood donation may differ from chronic unexplained fa-
tigue. Duration of deficiency, baseline symptom severity, ferritin level, follow-up period, and
the reason for iron depletion may influence response.

Systematic review evidence supports a modest effect on subjective fatigue. Houston et
al. concluded that iron supplementation in iron-deficient non-anaemic adults was associated
with reduced subjective fatigue, but not with clear objective improvement in physical capacity
(11). A systematic review and meta-analysis of intravenous iron in non-anaemic iron-deficient
adults found reduced fatigue scores and improved physical function, but the certainty of evi-
dence was limited for many outcomes (19).

The practical lesson is balanced. A therapeutic trial of iron is reasonable when a patient
has fatigue plus documented iron deficiency, especially if ferritin is clearly low. However,
fatigue should be reassessed rather than assumed to be solved. If ferritin rises but symptoms
do not improve, clinicians should look for other causes. If symptoms improve but ferritin
falls again, the source of iron loss or impaired absorption must be revisited.

Chart 1 Expected response after iron treatment in non-anaemic iron deficiency

Response domain Usual timing Clinical interpretation
Reticulocyte indices 1-2 weeks Early marrow iron
availability if measured

Ferritin and TSAT 4-8 weeks Biochemical repletion or
treatment failure

Fatigue symptoms 4-12 weeks May improve in selected
patients

Exercise tolerance 6-12 weeks or longer Less consistent than
subjective fatigue

Quality of life 4-24 weeks Depends on baseline
disease and symptom burden

Recurrence after stopping iron Months Suggests ongoing blood

loss or malabsorption

Chronic inflammatory disease

In chronic inflammatory disease, iron deficiency is often both real and hidden. The pa-
tient may have rheumatoid arthritis, inflammatory bowel disease, chronic infection, chronic

AIM Vol.4 Issue 2 https://journals.eikipub.com/index.php/AIM-Medicine/index 19



https://portal.issn.org/resource/ISSN/2977-0335
https://journals.eikipub.com/index.php/AIM-Medicine/index

_]EIKI European Institute Annals of Innovation in Medicine (AIM) ISSN:
of Knowledge & Innovation 2977-0335

kidney disease, heart failure, obesity-associated inflammation, cancer, or another inflamma-
tory disorder. In these settings, ferritin may rise because of inflaimmation while tissue iron
availability falls. The clinician may see a ferritin in the “normal” range and falsely conclude
that iron status is adequate.

The hepcidin-ferroportin pathway explains much of this problem. Inflammation in-
creases hepcidin, reducing intestinal absorption and limiting iron release from macrophages.
Transferrin saturation falls because less iron is available in circulation. Ferritin may remain
normal or high because iron is retained in storage sites and because ferritin itself rises as an
acute-phase reactant (5,0).

Inflammatory bowel disease is a useful model because all mechanisms may coexist:
chronic intestinal blood loss, reduced intake during flares, malabsorption, inflammation-
driven hepcidin elevation, and intolerance of oral iron. ECCO consensus guidance recom-
mends regular monitoring using haemoglobin, ferritin, transferrin saturation, and C-reactive
protein, especially after correction because recurrence is common (31). A prospective study
in patients with inflammatory bowel disease found that iron deficiency was associated with
disease activity and anaemia risk, and emphasized eatly detection and management (33).

Iron deficiency without anaemia can affect patients with inflammatory bowel disease
even during remission. Herrera-deGuise et al. reported that iron deficiency in the absence of
anaemia impaired perceived health-related quality of life in patients with inflammatory bowel
disease (32). This matters because fatigue in inflammatory bowel disease is often attributed
only to intestinal inflammation, mood, sleep, or medication. Iron status may be one modifia-
ble contributor.

Heart failure and iron deficiency without anaemia

Heart failure has changed the way clinicians think about iron deficiency. In heart failure,
iron deficiency predicts worse symptoms, lower exercise capacity, poorer quality of life, and
increased clinical risk, even when anaemia is absent. The widely used heart failure definition
is ferritin below 100 pg/L, or ferritin 100-299 pg/L. with transferrin saturation below 20%
(5,23-30).

The FAIR-HF trial showed that intravenous ferric carboxymaltose improved symptoms,
functional capacity, and quality of life in patients with chronic heart failure and iron deficiency,
with or without anaemia (23). CONFIRM-HF found sustained improvement in functional
capacity, symptoms, and quality of life over one year in symptomatic iron-deficient heart fail-
ure patients treated with ferric carboxymaltose (24). AFFIRM-AHF studied patients after
acute heart failure and found that ferric carboxymaltose reduced heart failure hospitalisations,
although the composite primary outcome narrowly missed conventional statistical signifi-
cance (25). IRONMAN tested ferric derisomaltose and showed a numerically lower rate of
recurrent heart failure hospitalisation and cardiovascular death, with interpretation affected
by the COVID-19 pandemic and trial conduct issues (26).

The HEART-FID trial did not meet its primary hierarchical composite endpoint in am-
bulatory patients with heart failure and iron deficiency (27). This does not erase earlier find-
ings, but it does make the field more nuanced. Meta-analyses suggest that intravenous iron
reduces heart failure hospitalisation, while effects on cardiovascular and all-cause mortality
remain uncertain (29,30). Oral iron has been less convincing. The IRONOUT HF trial found
that high-dose oral iron did not improve exercise capacity over 16 weeks in patients with heart
failure with reduced ejection fraction and iron deficiency (28).

Heart failure therefore illustrates two principles relevant to the wider review. First, iron
deficiency can be clinically important without anaemia. Second, route of treatment matters.
In inflammatory or hepcidin-mediated states, oral iron may not provide enough usable iron,
while intravenous iron can bypass intestinal absorption.
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Table 2 Clinical settings where iton deficiency without anaemia should be actively considered
Setting Why haemoglobin alone is insufficient Key tests

Menstr.uatlng women Iron stores may be depleted before anaemia devel- CBC, ferritin, TSAT, menstrual history
with fatigue ops

Heavy meflstrual bleed- Chronic loss can be substantial and recurrent CBC, ferritin, TSAT, prégnancy test when
ing relevant, gynaecological assessment

Inflammatory bowel  Blood loss, malabsorption, and inflammation may ~ CBC, ferritin, TSAT, CRP, disease activity
disease coexist assessment

Iron deficiency worsens symptoms and function

: . CBC, ferritin, TSAT, renal function
even without anaemia

Heart failure

Functional iron deficiency may occur with normal CBC, ferritin, TSAT, renal profile, inflamma-

Chronic kidney disease or high ferritin tory markers

Repeated donation can reduce stores while hae-

Blood donors . . .
moglobin screening remains acceptable

Ferritin in frequent donors where available

Reduced intake and absorption can cause recur-

Post-bariatric surgery CBC, ferritin, TSAT, B12, folate

rent deficiency

Older adults with new Occult gastrointestinal blood loss must be consid- ~ CBC, ferritin, TSAT, stool or endoscopic
iron deficiency ered evaluation based on risk

Choosing oral or intravenous iron

Oral iron remains appropriate for many adults with iron deficiency without anaemia. It
is inexpensive, accessible, and effective when absorption is intact and losses are not excessive.
Gastrointestinal adverse effects are common and include nausea, constipation, abdominal
discomfort, diarrhoea, and dark stools. Poor tolerance is a major reason for non-adherence.

Traditional high-dose daily regimens are being reconsidered. Oral iron increases hep-
cidin, and increased hepcidin can reduce absorption from subsequent doses. Studies in iron-
depleted women showed that daily or divided dosing can increase hepcidin and reduce frac-
tional iron absorption, while alternate-day dosing may improve absorption and tolerability in
some settings (35-37). In practice, lower-dose or alternate-day dosing can be useful when
patients cannot tolerate daily therapy, although the optimal regimen depends on severity, ur-
gency, and the patient’s baseline status.

Intravenous iron should be considered when oral iron is not tolerated, ineffective, poorly
absorbed, or unlikely to work because of active inflammation or heart failure. It may also be
useful when rapid repletion is clinically important or when recurrent blood loss outpaces oral
replacement. In non-anaemic fatigued women with low ferritin, intravenous iron studies such
as the trial by Krayenbuehl et al. and the PREFER study showed improvement in fatigue in
selected groups, especially with lower baseline ferritin, although adverse events and cost must
be considered (21,22). In heart failure, the intravenous route has the strongest trial evidence

(23-30).
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Intramuscular iron is generally not favoured because of pain, staining, unpredictable ab-
sorption, and safer intravenous alternatives.

Table 3 Treatment approach according to clinical context

Patient context Initial treatment approach When to escalate or change

Fatigue with ferritin <30 pg/L and
no inflammation

If intolerance, poor response, malabsorption,

Oral iron plus search for cause .
or ongoing loss

Menstruating woman with ferritin -~ Oral iron is reasonable; treat men- Consider IV iron if severe symptoms, intoler-
<50 pg/L and unexplained fatigue strual cause if heavy bleeding ance, poor absorption, ot poor response

Inflammatory bowel disease in remis- Oral or IV depending on severity, 1V iron if active disease, intolerance, signifi-
sion with mild deficiency prior tolerance, and disease status  cant deficiency, or rapid repletion needed

Active inflammatory bowel disease 1V iron often preferred Reassess inflaimmation and recurrence risk

IV iron has the strongest evidence ~ Repeat ferritin and TSAT; monitor symp-

Heart failure with iron deficiency b . 4 HE .
ase oms an events

Chronic kidney disease without anae- Individualised; evidence base is less ~ Consider specialist input when ferritin and
mia direct TSAT conflict or ESA therapy is planned

Oral iron may fail because of ab-

Post-bariatric surgery rption limit
sorption limits

1V iron if recurrent or refractory deficiency

Older adult or male with unexplained Treat iron deficiency but investigate Gastrointestinal evaluation is often required
iron deficiency cause depending on clinical context

Measuring response

Response should not be judged by haemoglobin alone because haemoglobin may be
normal at baseline. A better approach is to measure both laboratory and patient-centred out-
comes.

Laboratory response includes tising ferritin and transferrin saturation. The timing varies
by dose, route, adherence, inflammation, and ongoing losses. For oral iron, reassessment after
six to twelve weeks is common. For intravenous iron, reassessment depends on formulation
and local practice, but testing too eatly can be misleading because ferritin may rise sharply
after infusion.

Symptom response should be specific. The patient should be asked about fatigue sever-
ity, exercise tolerance, sleep, restless legs, concentration, work capacity, palpitations, breath-
lessness, and dizziness. A simple 0-10 fatigue score can be useful. In heart failure, functional
class, six-minute walk distance, health-related quality of life instruments, and hospitalisations
may be relevant. In inflammatory bowel disease, fatigue scores and disease activity should be
interpreted together.

Failure to respond has several explanations. The diagnosis may be wrong. The patient
may not have taken oral iron because of adverse effects. Iron may not have been absorbed
because of inflammation, proton pump inhibitor use, coeliac disease, atrophic gastritis, bari-
atric surgery, or ongoing intestinal disease. Blood loss may be continuing. Another diagnosis
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such as hypothyroidism, depression, sleep apnoea, malignancy, chronic infection, autoim-
mune disease, chronic kidney disease, vitamin B12 deficiency, or medication adverse effects
may be responsible for symptoms.

Quality of life

Quality of life is often where iron deficiency without anaemia becomes clinically visible.
The complaint is not always dramatic. Patients may say they are “not themselves,” cannot
complete usual work, need to rest after minor exertion, lose concentration in the afternoon,
avoid exercise, or feel mentally slower. These symptoms are easy to minimise because they
are common and non-specific.

The trial evidence supports the relevance of quality of life in selected settings. The PRE-
FER study reported improvement in mental quality-of-life and cognitive function scores after
ferric carboxymaltose in fatigued iron-deficient women with normal or borderline haemoglo-
bin (22). In inflammatory bowel disease, iron deficiency without anaemia has been associated
with impaired perceived health-related quality of life (32). In heart failure, trials of intravenous
ferric carboxymaltose reported improvements in symptoms, functional capacity, and quality-
of-life measures, with benefits not limited to patients with anaemia (23,24).

Quality-of-life outcomes should be interpreted cautiously. Fatigue and poor function are
influenced by many variables. The presence of iron deficiency does not prove causality. How-
ever, when iron deficiency is documented and clinically plausible, treatment is reasonable,
especially when the risks of replacement are low and the cause is being addressed.

Diagnostic pathway

A structured pathway prevents both underdiagnosis and overdiagnosis. The starting
point is the clinical situation, not a random ferritin result. Testing is most useful when there
is fatigue, restless legs, exercise intolerance, heavy menstrual bleeding, pregnancy or postpar-
tum status, blood donation, inflammatory disease, heart failure, chronic kidney disease, gas-
trointestinal symptoms, post-bariatric surgery, or unexplained symptoms compatible with
iron deficiency.

Initial tests should include a complete blood count, ferritin, transferrin saturation, and
C-reactive protein where inflammation is possible. Mean corpuscular volume and mean cor-
puscular haemoglobin may be normal in early deficiency. Red cell distribution width may rise,
but it is not enough to exclude or confirm iron deficiency. Reticulocyte haemoglobin content
and soluble transferrin receptor can help in selected cases, especially when inflammation com-
plicates interpretation, but availability vaties.

The clinician should then ask why iron is low. In a menstruating woman with heavy
bleeding, the cause may be clear, though still requiring treatment. In a postmenopausal
woman or adult man, unexplained iron deficiency should raise concern for gastrointestinal
blood loss until reasonably excluded. In inflammatory bowel disease, both disease activity and
iron indices need monitoring. In heart failure, iron deficiency may be part of the syndrome
itself and should be managed within heart failure care.

Figure 2 A practical diagnostic pathway for adults with fatigue and normal haemoglobin

Adult with fatigue or reduced exercise tolerance

|— Check for common non-iron causes

| sleep, thyroid disease, mood disorder, infection, inflammatory disease,

| medication effects, pregnancy, renal disease, cardiopulmonary disease

v

CBC ferritin transferrin saturation * CRP
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Ferritin <30 ng/L
Iron deficiency likely

Treat and identify cause

Ferritin 30-50 pg/L with symptoms or menstrual loss
Possible clinically relevant deficiency

Consider trial of iron and reassess

Ferritin <100 pg/L in inflammatory disease or heart failure
Iron deficiency likely in context

Consider disease-specific pathway

Ferritin 100-300 pg/L with TSAT <20%
Functional or inflammatory iron deficiency likely

Consider IV iron in selected settings

1T 1T 1T T

Ferritin normal with normal TSAT and low clinical suspicion

Look for other causes of fatigue

Discussion

Iron deficiency without anaemia occupies an awkward place in clinical medicine. It is
common enough to matter, but non-specific enough to invite overdiagnosis. The answer is
not to test everyone with tiredness, nor to ignore iron status until anaemia appears. The an-
swer is targeted testing in patients whose history or chronic disease context makes iron defi-
ciency plausible.

The most important diagnostic correction is to stop treating haemoglobin as a screening
test for iron stores. Haemoglobin answers a different question. It tells whether anaemia is
present. It does not tell whether iron stores are adequate, whether tissue iron delivery is im-
paired, or whether ferritin is being distorted by inflammation.

Thresholds should be contextual. In otherwise healthy adults, ferritin below 30 pg/L is
a practical marker of iron deficiency. In symptomatic menstruating women, fatigue trials sug-
gest that ferritin below 50 pug/L may identify a group in whom iron treatment can help. In
inflammatory disease and heart failure, ferritin must be interpreted with transferrin saturation
and inflammatory markers. A ferritin value that would look adequate in a healthy adult may
be inadequate in chronic inflammation.

The treatment evidence is strongest for subjective fatigue in selected non-anaemic iron-
deficient women and for functional outcomes in heart failure. Objective performance out-
comes are less consistent. This distinction should be discussed honestly with patients. Iron
may improve fatigue, but it is not a universal treatment for tiredness. Clinical response should
be measured, and failure to improve should trigger reassessment.

Women’s health deserves particular attention because iron depletion is often normalised.
Heavy menstrual bleeding is common, but patients may not volunteer it unless asked specif-
ically. A woman may have years of fatigue, normal haemoglobin, and ferritin below 20 pg/L,
yet no one has connected the symptoms to menstrual iron loss. Treating such a patient with
iron without addressing bleeding is incomplete care.
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Chronic disease adds another layer. Inflammatory bowel disease, chronic kidney disease,
and heart failure can all produce iron deficiency through blood loss, malabsorption, inflam-
mation, hepcidin elevation, or reduced iron mobilisation. These patients need disease-specific
thresholds and follow-up. In heart failure, intravenous iron has become part of evidence-
based supportive care for iron-deficient patients, mainly improving symptoms, functional sta-
tus, quality of life, and heart failure hospitalisation risk, while mortality effects remain uncer-
tain.

The atticle also highlights a broader issue in laboratory medicine. Reference ranges are
not the same as clinical adequacy. A ferritin value can be “within range” and still be too low
for a symptomatic patient with ongoing losses. Conversely, a ferritin value can look adequate
but be misleading in inflammation. The clinician must interpret results in context.

Conclusion

Iron deficiency without anaemia is a clinically important and treatable condition in se-
lected adults. It should be considered in patients with unexplained fatigue, reduced exercise
tolerance, restless legs, heavy menstrual bleeding, pregnancy or postpartum iron loss, inflam-
matory bowel disease, chronic kidney disease, heart failure, recurrent blood donation, malab-
sorption, or post-bariatric surgery.

Diagnosis requires more than a complete blood count. Ferritin and transferrin saturation
should be assessed, with C-reactive protein or other markers of inflammation when relevant.
In otherwise healthy adults, ferritin below 30 ug/L strongly supports iron deficiency. In symp-
tomatic menstruating women, ferritin below 50 pg/L may be clinically relevant. In inflamma-
tory disease and heart failure, ferritin below 100 pg/L or ferritin between 100 and 300 pg/L
with transferrin saturation below 20% should raise concern for iron deficiency or restricted
iron availability.

Treatment should be individualized. Oral iron is suitable for many patients, especially
when deficiency is mild, absorption is intact, and rapid repletion is not required. Lower-dose
or alternate-day regimens may improve tolerability. Intravenous iron is appropriate when oral
iron is ineffective, not tolerated, pootly absorbed, or unsuitable because of inflammatory dis-
ease, heart failure, or the need for rapid repletion.

The cause of iron deficiency should always be sought. In menstruating women, heavy
menstrual bleeding must be addressed. In adult men and postmenopausal women, unex-
plained iron deficiency requites careful evaluation for gastrointestinal blood loss or other pa-
thology. In chronic inflaimmatory disease, iron status should be monitored rather than
checked once.

A normal haemoglobin should not end the assessment when the clinical picture suggests
iron deficiency. For many patients, recognising iron deficiency before anaemia develops can
improve fatigue, function, and quality of life, while also preventing progression to overt anae-
mia.

References

1. Auerbach M, DeLoughery TG, Tirnauer JS. Iron Deficiency in Adults: A Review. JAMA. 2025;333(20):1813-1823. PMID:

40159291.

I

Camaschella C. Iron deficiency. Blood. 2019;133(1):30-39. PMID: 30401704.

3. Al-Naseem A, Sallam A, Choudhury S, Thachil J. Iron deficiency without anaemia: a diagnosis that matters. Clin Med (Lond).
2021;21(2):107-113. PMID: 33762368.

V1

Balendran S, Forsyth C. Non-anaemic iron deficiency. Aust Prescr. 2021;44(6):193-199. PMID: 35002031.
Dignass A, Farrag K, Stein J. Limitations of Serum Ferritin in Diagnosing Iron Deficiency in Inflammatory Conditions. Int J

Chronic Dis. 2018;2018:9394060. PMID: 29744352,

6. Cappellini MD, Comin-Colet J, de Francisco A, Dignass A, Doehner W, Lam CSP, et al. Iron deficiency across chronic in-
flammatory conditions: International expert opinion on definition, diagnosis, and management. Am | Hematol.
2017;92(10):1068-1078. PMID: 28612425.

7. Peyrin-Biroulet L, Williet N, Cacoub P. Guidelines on the diagnosis and treatment of iron deficiency across indications: a
systematic review. Am | Clin Nutr. 2015;102(6):1585-1594. PMID: 26561626.

AIM Vol.4 Issue 2 https://journals.eikipub.com/index.php/AIM-Medicine/index 25



https://portal.issn.org/resource/ISSN/2977-0335
https://journals.eikipub.com/index.php/AIM-Medicine/index

European Institute Annals of Innovation in Medicine (AIM) ISSN:
of Knowledge & Innovation 2977-0335

10.

11.

12.
13.
14.
15.
10.
17.
18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

AIM Vo

Tolascon A, Andolfo I, Russo R, Sanchez M, Busti F, Swinkels D, et al. Recommendations for diagnosis, treatment, and pre-
vention of iron deficiency and iron deficiency anemia. Hemasphere. 2024;8(7):¢108. PMID: 39011129.

Verdon F, Burnand B, Stubi CLF, Bonard C, Graff M, Michaud A, et al. Iron supplementation for unexplained fatigue in
non-anaemic women: double blind randomised placebo controlled trial. BM]J. 2003;326(7399):1124. PMID: 12763985.
Vaucher P, Druais PL, Waldvogel S, Favrat B. Effect of iron supplementation on fatigue in nonanemic menstruating women
with low ferritin: a randomized controlled trial. CMAJ. 2012;184(11):1247-1254. PMID: 22777991.

Houston BL, Hurrie D, Graham J, Perija B, Rimmer E, Rabbani R, et al. Efficacy of iron supplementation on fatigue and
physical capacity in non-anaemic iron-deficient adults: a systematic review of randomized controlled trials. BM] Open.
2018;8(4):¢019240. PMID: 29626044.

Pratt J], Khan KS. Non-anaemic iron deficiency: a disease looking for recognition of diagnosis. Eur ] Haematol.
2016;96(6):618-628. PMID: 26256281.

Abuaisha M, Itani H, El Masri R, Antoun J. Prevalence of Iron Deficiency without anemia in the general population present-
ing to primary care clinics: a cross-sectional study. Postgrad Med. 2020;132(3):282-287. PMID: 31933400.

Mansour D, Hofmann A, Gemzell-Danielsson K. A Review of Clinical Guidelines on the Management of Iron Deficiency
and Iron-Deficiency Anemia in Women with Heavy Menstrual Bleeding. Adv Ther. 2021;38(1):201-225. PMID: 33247314.
Munro MG, Mast AE, Powers JM, Kouides PA, O’Brien SH, Richards T, et al. The relationship between heavy menstrual
bleeding, iron deficiency, and iron deficiency anemia. Am J Obstet Gynecol. 2023;229(1):1-9. PMID: 36706856.

Martens K, Vanoeveren J, Vandenbussche N, et al. Sex, lies, and iron deficiency: a call to change ferritin reference ranges.
Hematology Am Soc Hematol Educ Program. 2023;2023(1):617-623. PMID: 38066931.

Sawada T, Konomi A, Yokoi K. Iron deficiency without anemia is associated with anger and fatigue in young Japanese
women. Biol Trace Elem Res. 2014;159(1-3):22-31. PMID: 24756645.

Yokoi K, Konomi A. Iron deficiency without anaemia is a potential cause of fatigue: meta-analyses of randomized controlled
trials and cross-sectional studies. Br ] Nutr. 2017;117(10):1422-1431. PMID: 28625177.

Dugan C, Cabolis K, Miles LF, Richards T. Systematic review and meta-analysis of intravenous iron therapy for adults with
non-anaemic iron deficiency: An abridged Cochrane review. ] Cachexia Sarcopenia Muscle. 2022;13(6):2637-2649. PMID:
36321348.

Waldvogel S, Pedrazzini B, Vaucher P, Bize R, Cornuz |, Tissot JD, et al. Clinical evaluation of iron treatment efficiency
among non-anemic but iron-deficient female blood donors: a randomized controlled trial. BMC Med. 2012;10:8. PMID:
22272750.

Krayenbuehl PA, Battegay E, Breymann C, Furrer J, Schulthess G. Intravenous iron for the treatment of fatigue in nonane-
mic, premenopausal women with low serum ferritin concentration. Blood. 2011;118(12):3222-3227. PMID: 21705493.
Favrat B, Balck K, Breymann C, Hedenus M, Keller T, Mezzacasa A, et al. Evaluation of a single dose of ferric carboxymalt-
ose in fatigued, iron-deficient women: PREFER a randomized, placebo-controlled study. PLoS One. 2014;9(4):¢94217.
PMID: 24751822.

Anker SD, Comin Colet J, Filippatos G, Willenheimer R, Dickstein K, Drexler H, et al. Ferric carboxymaltose in patients with
heart failure and iron deficiency. N Engl ] Med. 2009;361(25):2436-2448. PMID: 19920054.

Ponikowski P, van Veldhuisen DJ, Comin-Colet J, Ertl G, Komajda M, Mareev V, et al. Beneficial effects of long-term intra-
venous iron therapy with ferric carboxymaltose in patients with symptomatic heart failure and iron deficiency. Eur Heart J.
2015;36(11):657-668. PMID: 25176939.

Ponikowski P, Kirwan BA, Anker SD, McDonagh T, Dorobantu M, Drozdz J, et al. Ferric catboxymaltose for iron defi-
ciency at discharge after acute heart failure: a multicentre, double-blind, randomised, controlled trial. Lancet.
2020;396(10266):1895-1904. PMID: 33197395.

Kalra PR, Cleland JGF, Petrie MC, Thomson EA, Kalra PA, Squire IB, et al. Intravenous ferric derisomaltose in patients with
heart failure and iron deficiency in the UK: an investigator-initiated, prospective, randomised, open-label, blinded-endpoint
trial. Lancet. 2022;400(10369):2199-2209. PMID: 36347265.

Mentz RJ, Garg J, Rockhold FW, Butler ], DeVore AD, Ezekowitz JA, et al. Ferric Carboxymaltose in Heart Failure with
Iron Deficiency. N Engl ] Med. 2023;389(11):975-986. PMID: 37632463.

Lewis GD, Malhotra R, Hernandez AF, McNulty SE, Smith A, Felker GM, et al. Effect of Oral Iron Repletion on Exercise
Capacity in Patients With Heart Failure With Reduced Ejection Fraction and Iron Deficiency: The IRONOUT HF Random-
ized Clinical Trial. JAMA. 2017;317(19):1958-1966. PMID: 28510680.

Graham FJ, Pellicori P, Kalra PR, Cleland JGF. Intravenous iron in patients with heart failure and iron deficiency: an updated
meta-analysis. Eur ] Heart Fail. 2023;25(4):528-537. PMID: 36823953.

Anker SD, Khan MS, Butler J, von Haehling S, Jankowska EA, Ponikowski P, et al. Systematic review and meta-analysis of
intravenous iron therapy for heart failure and iron deficiency. Nat Med. 2025;31(4):1089-1098. PMID: 40159279.

Dignass AU, Gasche C, Bettenworth D, Birgegird G, Danese S, Gisbert JP, et al. European consensus on the diagnosis and
management of iron deficiency and anaemia in inflammatory bowel diseases. ] Crohns Colitis. 2015;9(3):211-222. PMID:
25518052.

Herrera-deGuise C, Casellas F, Robles V, Navarro E, Borruel N. Iron Deficiency in the Absence of Anemia Impairs the Per-
ception of Health-Related Quality of Life of Patients with Inflammatory Bowel Disease. Inflamm Bowel Dis.
2016;22(6):1450-1455. PMID: 27057682.

Peyrin-Biroulet L, Lopez A, Cummings JRF, Dignass A, Detlie TE, Danese S. Iron Deficiency in Patients with Inflammatory
Bowel Diseases. Dig Dis Sci. 2022;67(10):4721-4730. PMID: 35384624.

Loveikyte R, Boer M, van der Meulen-de Jong AE, Hoentjen I, van Bodegraven AA, de Boer NKH, et al. Anemia and Iron
Deficiency in Outpatients with Inflammatory Bowel Disease: Ubiquitous Yet Suboptimally Managed. ] Clin Med.
2022;11(22):6843. PMID: 36431320.

1.4 Issue 2 https://journals.eikipub.com/index.php/AIM-Medicine/index 26



https://portal.issn.org/resource/ISSN/2977-0335
https://journals.eikipub.com/index.php/AIM-Medicine/index

_]EIKI European Institute Annals of Innovation in Medicine (AIM) ISSN:
of Knowledge & Innovation 2977-0335

35. Moretti D, Goede JS, Zeder C, Jiskra M, Chatzinakou V, Tjalsma H, et al. Oral iron supplements increase hepcidin and de-
crease iron absorption from daily or twice-daily doses in iron-depleted young women. Blood. 2015;126(17):1981-1989. PMID:
26289639.

36. Stoffel NU, Cercamondi CI, Brittenham G, Zeder C, Geurts-Moespot AJ, Swinkels DW, et al. Iron absorption from oral iron
supplements given on consecutive versus alternate days and as single morning doses versus twice-daily split dosing in iron-
depleted women: two open-label, randomised controlled trials. Lancet Haematol. 2017;4(11):e524-¢533. PMID: 29032957.

37. von Siebenthal HK, Moretti D, Zimmermann MB, Stoffel NU. Alternate day versus consecutive day oral iron supplementa-
tion in iron-depleted women: a randomized double-blind placebo-controlled study. EClinicalMedicine. 2023;65:102286.
PMID: 38021373.

AIM Vol.4 Issue 2 https://journals.eikipub.com/index.php/AIM-Medicine/index 27



https://portal.issn.org/resource/ISSN/2977-0335
https://journals.eikipub.com/index.php/AIM-Medicine/index

