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Abstract

arms while ferritin rose more with supplement alone.

Iron deficiency develops long before haemoglobin falls, and the tests used routinely detect the anaemia rather than the deficiency.
Among 114 young women referred with heavy menstrual bleeding, 58 had ferritin below 20 ng/mL and only 24 of those, 41.4 per
cent, were anaemic. Haemoglobin alone identified iron deficiency with a sensitivity of 41.4 per cent and the full blood count with
46.3 per cent, against specificities of 91.1 and 83.9 per cent. A test that misses more than half of cases is not a screening test for
this condition. The case for measuring ferritin is therefore strong on detection, and two things qualify it. The threshold is
unsettled, with 15, 20, 30 and 50 ng/mL all in current use and a guideline panel suggesting 30 on low certainty evidence. And in a
randomised comparison of supplementation against a high-iron diet in 44 women, vitality and mental health improved in both
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Introduction

Iron depletion proceeds in stages. Stores fall first, then transport
iron and erythropoiesis are affected, and only at the end does
haemoglobin drop below the threshold for anaemia [1,2,3]. A
woman can therefore be substantially iron deficient with an
entirely normal full blood count.

Menstruating women lose iron monthly and are among the
groups in whom deficiency is most common, with prevalence in
industrialised countries reported between 4 and 33 per cent
[4,5,21]. The relationship between heavy menstrual bleeding,
deficiency and anaemia has been set out directly [21], and
clinical guidelines on managing it in that population have been
reviewed [22]. Symptoms attributed to deficiency without
anaemia include fatigue, reduced exercise tolerance, impaired
cognition and restless legs [1,6,7,17]. Deficiency without
anaemia has been associated with anger and fatigue in young
women [17], and with reduced quality of life in those with heavy

menstrual bleeding [18].

This review examines how much deficiency the routine tests
miss, which threshold defines the condition, and what the
randomised evidence shows about treating it.

Objective

The purpose of this review is to establish three things from the
published literature. First, the performance of haemoglobin and
the full blood count as tests for iron deficiency in menstruating
women. Second, which serum ferritin threshold is supported, and
on what strength of evidence. And third, whether treating
deficiency in the absence of anaemia improves symptoms in
randomised comparison.
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Literature Review

What the routine tests miss: A retrospective review examined
114 young women aged 9 to 19 consecutively referred to a
young women's haematology clinic with heavy menstrual
bleeding. Fifty-eight, or 50.9 per cent, had ferritin below 20
ng/mL indicating iron deficiency. Of those 58, only 24, or 41.4
per cent, were anaemic and 25, or 46.3 per cent, were microcytic
(Figure 2) [8].
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Figure 2: Iron deficiency and anaemia in 114 young women referred with
heavy menstrual bleeding [8]

Sensitivity and specificity: In the same cohort, the sensitivity of
haemoglobin alone for identifying women with ferritin below 20
ng/mL was 41.4 per cent (95% CI 28.7 to 54.1), and of the full
blood count alone 46.3 per cent (33.0 to 59.6). Both had
reasonable specificity, at 91.1 per cent (83.6 to 98.5) for
haemoglobin and 83.9 per cent (74.3 to 93.6) for the full blood
count (Figure 1) [8].
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Figure 1: Sensitivity of routine tests for detecting ferritin below 20 ng/mL

[8]

Table 1: Performance of routine tests against ferritin below 20 ng/mL in 114
young women [8]

Test Sensitivity Specificity

Haemoglobin alone | 41.4% (28.7 to 54.1) | 91.1% (83.6 to 98.5)

Full blood count

46.3% (33.0 to 59.6)
alone

83.9% (74.3 to 93.6)

The threshold is unsettled: Conventional criteria have used
serum ferritin thresholds of below 30 ng/mL, and more recently
below 50 ng/mL has been proposed [9,10]. A diagnostic
algorithm for otherwise healthy people sets 30 micrograms per

litre as appropriate for males and females above 15 years, with
15 and 20 micrograms per litre for children aged 6 to 12 and
adolescents aged 12 to 15 respectively (Figure 3) [11]. A
guideline panel developing diagnostic recommendations
suggests a threshold of 30 ng/mL or below in menstruating
individuals and suggests against 15 ng/mL or below, describing
this as a conditional recommendation based on low certainty in
the evidence [12].
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Figure 3: Serum ferritin thresholds in current use [9,10,11,12]

Why no threshold resolves it: Reviews of this condition state
plainly that it is not easy to diagnose, and that any chosen cut-off
value for the diagnostic parameters of iron status will have either
low specificity or low sensitivity (Figure 4) [6]. Ferritin is
additionally an acute phase reactant, so an inflammatory
response produces falsely reassuring values, and diagnostic
algorithms recommend excluding this by history and C-reactive
protein measurement [11,24]. Meta-analysis has quantified how
far plasma ferritin requires adjustment for subclinical
inflammation [24], and international guidance on using ferritin to
assess iron status addresses the same problem [26,27].
Quantitative assessment of body iron using paired measures has

been proposed as an alternative [23,25].

Who is suggested for testing: The same algorithm recommends a
baseline set of blood tests including haemoglobin, haematocrit,
mean cellular volume, mean cellular haemoglobin, percentage of
hypochromic erythrocytes and serum ferritin in symptomatic
patients with fatigue and in populations at risk, defined as
adolescence, heavy or prolonged menstruation,
high-performance sport, vegetarian or vegan diet, eating disorder
and underweight (Figure 6) [11].

Table 2: Serum ferritin thresholds and the basis for each
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THE TRADE ANY THRESHOLD MAKES
Lower threshold

Higher threshold

higher specificity,
misses milder deficiency

higher sensitivity,
treats those who may not benefit

any chosen value has either low specificity or low sensitivity

Figure 4: The trade any threshold makes [6,11]

GROUPS IN WHICH TESTING IS SUGGESTED

S
High-performance sport Vegetarian or vegan diet
Eating disorder Underweight

Figure 6: Groups in which testing is suggested [11]

What treatment achieves: Randomised trials have examined iron
supplementation for unexplained fatigue in non-anaemic women,
including oral supplementation in primary care, oral iron in
non-anaemic menstruating women with low ferritin, and
intravenous iron in non-anaemic premenopausal women
[13,14,15]. Improved aerobic capacity assessed by maximal
oxygen uptake has also been associated with supplementation in
women with deficiency in the absence of anaemia [6,16]. A
systematic review of randomised trials examined fatigue and
adults

specifically [31], and Cochrane reviews cover daily and

physical capacity in non-anaemic iron-deficient
intermittent supplementation in menstruating women [29,30].
Trials in pregnancy address a related but distinct question

[19,20].

An important qualification: In an Australian study, 44 women
with deficiency and ferritin below 20 micrograms per litre were
randomly allocated to iron supplementation or a high-iron diet
for 12 weeks. Mental health and vitality scores increased in both
intervention groups, while ferritin increased more under
supplementation (Figure 5) [6]. The symptomatic improvement
was therefore not confined to the arm in which iron stores rose
most.

How the iron is given: Tolerability shapes whether treatment is
completed. Ferrous sulfate has been reported to cause significant
gastrointestinal side effects in adults in systematic review and
meta-analysis [32], and absorption studies comparing
consecutive with alternate-day dosing found the latter increased
fractional absorption [33]. Guidance on diagnosis and treatment

sets out where oral and intravenous routes each apply [34].

A RANDOMISED COMPARISON IN 44 WOMEN OVER 12 WEEKS

Iron supplementation

vitality and mental health rose

High-iron diet

vitality and mental health rose

Difference between arms

ferritin rose more with supplement

Figure 5: A randomised comparison in 44 women over 12 weeks [6]

Threshold Source and status
Guideline panel suggests against in menstruating
15 ng/mL individuals [12]
20 ng/mL Applied in the referral cohort described above [8]
30 ng/mL Guideline suggestion and diagnostic algorithm
[11,12]
50 ng/mL Proposed in a recent review [10]

Table 3: Where in the sequence each test becomes positive

Stage of iron depletion What it shows

Ferritin drops; haemoglobin normal

Stores fall (1.2]

Erythropoiesis becomes

. Transferrin saturation falls [2,19]
restricted

Haemoglobin drops below threshold
[1]

Only at the third stage [8]

Anaemia develops

Detected by routine testing

Measuring ferritin reliably: International guidance addresses the
use of ferritin concentrations to assess iron status in individuals
and populations [18], and reviews have set out what is required
to interpret a value correctly [19,20]. Because concentrations rise
with inflammation, meta-analysis has examined how to adjust
for subclinical inflammation when assessing deficiency [21], and
Cochrane review has assessed ferritin as an index of deficiency
and overload [20]. Physiologically based thresholds derived
from national survey data have been proposed as an alternative
to consensus cut-offs [10].

Method

Search strategy: PubMed and the archives of the major
haematology, clinical nutrition and general practice journals
were searched for studies of iron deficiency without anaemia.
Search terms combined iron deficiency without anaemia and
threshold,
menstruating women, screening, fatigue and randomised trial.
Reference lists of the diagnostic algorithm [11] and the guideline
panel document [12] were screened by hand for primary sources.

non-anaemic iron deficiency with ferritin

Eligibility: Studies were included if they reported the

performance of diagnostic tests for iron deficiency in defined
3
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populations, proposed or evaluated a ferritin threshold, or tested
treatment against a comparator. Guideline and consensus
documents are cited for the recommendations they contain and
identified as such.

Data extraction and handling: Population, the ferritin threshold
applied, the comparator and the reported estimate were extracted
as published. The threshold is stated alongside every prevalence
and performance figure, because thresholds of 15, 20, 30 and 50
ng/mL are all in current use and the choice determines both how
many people are identified and how the tests perform against
them. This review reports published findings and the content of
existing guidance. It does not recommend screening, testing or
iron treatment for any individual, all of which are matters for the
treating clinician. No pooling or re-analysis was performed.
Figures 1 to 6 and Tables 1 to 3 reproduce published values only.
This is a narrative synthesis of published literature and was not
registered as a systematic review.

Concluding Remarks

The detection argument in the title is the strongest part of this
case and the numbers make it plainly. In a population selected
for heavy menstrual bleeding, half had ferritin below 20 ng/mL
and fewer than half of those were anaemic [8]. Haemoglobin
identified 41.4 per cent of them. A test with that sensitivity is a
test for anaemia, which is what it was designed for, and it is
being used as though it were a test for iron status.

The specificity figures point the same way from the other
direction. At 91.1 per cent for haemoglobin, a low value is
informative when it appears; the problem is that it usually does
not appear until the deficiency is advanced [8]. Relying on it
means waiting for the last stage of a process that has been
running for months.

Two things temper the case. The first is that no threshold
settles the question. Fifteen, twenty, thirty and fifty ng/mL are all
in current use, a guideline panel suggests thirty while explicitly
advising against fifteen, and it grades that recommendation as
conditional on low certainty evidence [10,11,12]. Reviews of the
condition state that any cut-off will have either low specificity or
low sensitivity [6]. Moving from haemoglobin to ferritin
improves detection substantially; it does not produce a clean
dividing line.

The second is the randomised comparison in 44 women,
where vitality and mental health improved in both the
supplementation and the high-iron diet arms while ferritin rose
more with supplementation [6]. If the symptomatic benefit
appears where the biochemical response is smaller, then part of it
is not attributable to the change in iron stores. That does not
undermine treating deficiency, but it does caution against
reading symptom improvement as confirmation that the
deficiency caused the symptoms.

A practical consequence follows for how testing is framed.
Ferritin is an acute phase reactant, so a normal value in an unwell
or inflamed patient does not exclude deficiency, and the
diagnostic algorithm accordingly pairs it with C-reactive protein
[11]. A screening approach built on ferritin alone inherits a false
negative in exactly the patients most likely to be tested for other
reasons.

Two limitations belong with these conclusions. The
performance figures derive from 114 young women referred to a
specialist clinic with heavy menstrual bleeding, which is a
high-prevalence population, so sensitivity and specificity would
differ in unselected primary care [8]. And the randomised
evidence on symptoms is drawn from small trials with differing
entry thresholds, iron preparations and outcome instruments,
which is why the benefit remains described as controversial in
the trial literature itself [4,13,14].

There is a measurement question underneath all of this that
the threshold debate tends to obscure. Ferritin is an indirect
index of stores, and its interpretation requires adjustment where
inflammation is present, which meta-analysis has quantified
[24,25]. International guidance now addresses how the measure
should be used to assess iron status in individuals and
populations, and a Cochrane review has assessed its diagnostic
accuracy for deficiency and overload [26,27]. The question is not
only where to draw the line but how reliably the quantity being
measured reflects what the line is meant to separate.

Finally, a note on treatment that follows from detection rather
than preceding it. If ferritin testing is extended, more women will
be identified, and the tolerability of what is offered then matters
at scale. Ferrous sulfate produces significant gastrointestinal
effects in a substantial proportion of adults, and alternate-day
dosing has been shown to increase fractional absorption relative
to consecutive daily dosing [32,33]. A screening policy that
identifies more people without addressing how they are treated
will convert a detection gap into an adherence one [29,30,34].

A further point concerns what happens after a positive result.
Oral iron is effective and safe in most patients and is the usual
first step [4,29]. Where it fails or is not tolerated, intravenous
preparations have been compared with oral iron in persistent
deficiency [28], and single-dose intravenous treatment has been
trialled specifically in fatigued non-anaemic women [7,15]. The
choice between them is a clinical decision that this review does
not address.

Finally, a note on the population these figures describe. The
cohort reviewed here consisted entirely of young women
referred to a specialist clinic with heavy menstrual bleeding, in
whom half had ferritin below 20 ng/mL [8]. The relationship
between heavy menstrual bleeding, iron deficiency and anaemia
has been examined directly [22,24], and heavy bleeding is
common enough in European survey data that the group is large
[23]. Applying the same sensitivity figures to unselectef
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menstruating women would overstate what the test misses,
because fewer of them are deficient to begin with [25,26].

A wider observation about the evidence base. Systematic
review of randomised trials of iron supplementation on fatigue
and physical capacity in non-anaemic iron-deficient adults exists
[26], as does Cochrane review of daily iron supplementation in
menstruating women [25], and guidance on diagnosis and
treatment across indications has been synthesised [27]. The
disagreement described in this review is therefore not for want of
trials; it concerns where to place a threshold on a continuous
variable and how much symptom benefit follows from crossing
it [4,11,26].

On that question the physiology is more settled than the
clinical evidence. Iron is required for immune function, muscle
metabolism and neuronal functioning [32], and the relationship
between deficiency and reduced work capacity has been
critically reviewed [33]. Supplementation improved progressive
fatigue resistance during dynamic exercise in iron-depleted
non-anaemic women [16]. What remains uncertain is not
whether iron matters below the anaemia threshold but at which
concentration the deficit becomes worth correcting [4,34].
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