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Key Clinical Message

One should always consider iron deficiency (without anemia) as the cause of

persisting, unexplained unspecific, often severe, symptoms, regardless of the pri-

mary underlying disease. The symptoms of iron deficiency may arise from the

metabolic systems where many proteins are iron containing. Long-standing iron

deficiency may be challenging to treat.
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Introduction

Iron deficiency may be severe despite a normal hemo-

globin and full blood count. Symptoms which may be

prolonged and debilitating, should raise a clinical suspi-

cion on iron deficiency even if full blood count is nor-

mal. A lifelong history of blood loss, such as abundant

menstruation, pregnancies, blood donations, accidents/

surgery as well as history of celiac disease, atrophic gas-

tritis and drugs limiting gastric acid secretion, should be

taken. Ferritin (<30 lg/L) is most sensitive and specific

indicator of iron deficiency, although its pitfalls need to

be taken into consideration. However, the ferritin con-

centration may be near to normal, while iron staining of

a bone marrow aspiration sample is devoid of iron. Fur-

thermore, in determining the iron status, it is essential

not to rely only on results of a single test but to con-

sider the whole picture. Iron therapy should be moni-

tored with repeated ferritin determinations with a target

ferritin concentration of >100 lg/L and carried out until

symptoms have resolved. When iron treatment is

discontinued, the serum ferritin should be determined to

ensure that the level remains stable. Iron should be

reinstituted if the ferritin concentration drops and symp-

toms reappear.

Clinical challenge

Iron deficiency without anemia is a diagnostic challenge, as

it may go unrecognized for a longer period and furthermore,

there are no well-defined diagnostic criteria. The suspicion

should arise, if a patient with normal full blood count pre-

sents symptoms of iron deficiency anemia [1–3] primarily

together with low ferritin concentration and especially when

the medical history supports iron deficiency.

Iron deficiency anemia (hemoglobin ≤ 130 g/L in

males and ≤120 g/L in females) is a late manifestation of

iron deficiency, both of which are common medical con-

ditions in everyday clinical practice [2–4]. Some 10–20%
of menstruating women have iron deficiency, and 3–5%
of them are frankly anemic [4]. Iron deficiency (anemia)

may often be asymptomatic and go undiagnosed for a

long period of time. Blood is frequently drawn for a full

blood count and if microcytic/hypochromic anemia is

present, iron deficiency may be suspected. The serum fer-

ritin concentration (cut off <30 lg/L) is the most sensi-

tive and specific test used for identification of iron

deficiency [2, 3]. However, in clinical laboratories, the

lower limit of the reference range is often set at 10–
20 lg/L [5]. This may lead confusion as the role of fer-

ritin in the detection of iron deficiency is not
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unequivocal. Then the ferritin can be supplemented with

determination of transferrin saturation, soluble transferrin

receptor (sTfr) and the ratio between sTfr and logarithm

of ferritin as well as hepcidin [2, 3].

When is the ferritin concentration
abnormal?

The question of which ferritin concentration signifies

clinically symptomatic iron deficiency has been raised [5,

6]. Patients with true iron deficiency anemia on the basis

of negative bone marrow iron staining may have a serum

ferritin concentration close to 50 lg/L [7]. Patients with

the restless leg syndrome should be considered iron defi-

cient when their ferritin concentration is <75 lg/L [8].

Furthermore, patients with negative bone marrow iron

stores have been shown to present with serum ferritin

levels of close to 100 lg/L [9]. Iron deficiency in patients

with heart failure impairs the quality of life, irrespective

of the presence of anemia. There, iron deficiency was

defined as a ferritin level <100 lg/L or, at 100–299 lg/L
with transferrin saturation <20%, [10]. Notably patients

with inflammation or clinically significantly impaired liver

or renal function were excluded from the trial [10].

Symptoms and differential diagnosis

Weakness, fatigue, difficulty in concentrating, and poor

work productivity are nonspecific symptoms ascribed to

low delivery of oxygen to body tissues and decreased

activity of iron-containing enzymes [2, 3, 11–13]. The

extent to which these non-hematologic effects of iron

deficiency are manifested before anemia develops may be

unclear [2–4].
During my 30-year carrier as an internist with a spe-

cial interest in thyroid diseases and hematology, I have

met hundreds of patients, mainly menstruating females,

who seek advice because of prolonged (1–25 years) fati-

gue, brain fog, muscle and joint pains, weight gain,

headache, dyspnoea, palpitations, sometimes associated

with sleep disturbances, arrhythmia, lump in the throat

or difficulty in swallowing, and restless legs. The

patients have often received a spectrum of diagnoses,

such as subclinical hypothyroidism (treated with

levothyroxine alone or with T3 containing prepara-

tions), chronic fatigue syndrome, fibromyalgia, chronic

Lyme disease, burnout, and overtraining. The blood

count has usually been normal. At referral, their serum

ferritin concentrations have ranged from 1 to about

150 lg/L. If there has been no obvious reason for iron

deficiency, such as celiac disease, multiple blood dona-

tions, multiple pregnancies, or long periods of abundant

menstruation, the differential diagnostics at serum

ferritin >50 lg/L has included liver and kidneys dis-

eases, occult blood in stools, IgA deficiency, calcium

disorders, D-vitamin or vitamin B12 deficiency and, if

the history revealed prolonged use of pyridoxine

(>20 mg/daily, vitamin B6 toxicity [14].

Cases highlighting the problem

Over the past 10 years I have treated patients without

anemia but symptoms of iron deficiency and borderline

serum ferritin concentrations with oral (hundreds) and/or

intravenous iron (over 200) with excellent results. Here

are two examples.

Patient 1. A previously a healthy 55-year-old female

(body mass index 24.8 kg/m2) was hospitalized 2 months

earlier because of severe subacute thyroiditis (fever, severe

neck pain, sedimentation rate 105 mm/h, C-reactive pro-

tein 145 mg/L, free T4 35 pmol/L) and she was treated

with prednisolone (starting 60 mg daily). At the first visit,

3 months after start of treatment, the patient was still

taking prednisolone 10 mg daily. Her TSH was 21 mU/L

and free T4 8.5 pmol/L. Levothyroxine 100 lg/day was

initiated but after few days and she reported severe palpi-

tations and the levothyroxine dose was halved and later

discontinued. At the same time, she reported muscle and

joints pains already few years back and restless legs (occa-

sional use of pramipexole 0.0088–0.018 mg/day) for

10 years. Her menopause had occurred 6 years earlier,

but her menstruation had always been scarce and she had

never donated blood or been pregnant. The hemoglobin

concentration was 140 g/L but the ferritin concentration

was 27 lg/L; liver and kidney diseases as well as celiac

disease was excluded and repeated tests for occult blood

in stools were negative.

The patient was considered iron deficient for reasons

unknown. Ferrous sulfate 150 mg daily was prescribed.

After 12 months the serum ferritin concentration was

100 lg/L without any change in hemoglobin concentra-

tion, but her years-long symptoms had gradually disap-

peared (Fig. 1). The iron supplementation was continued

for another 4 months and then discontinued. Gradually

the patient reported reappearance of restless legs and fati-

gue. Then full blood count and ferritin were determined

and the iron supplementation was reinitiated. The same

took place when the iron was again withdrawn without

any change in the full blood count.

Patient 2 was a healthy 40-year-old female (body mass

index 31.6 kg/m2) but had always had abundant menstru-

ation with duration of 5–7 days. She had had two normal

pregnancies and deliveries 10 and 7 years earlier with a

history of anemia during pregnancies. One year before

referral levothyroxine treatment (100 lg/daily) for

hypothyroidism had been instituted (positive family
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history, TPO antibodies >1000 IU/mL, TSH 9,4 mU/L

and free T4 9.9 pmol/L). The patient was referred because

of intractable fatigue and sleep disturbances (waking up

several times during the night for 6 years). Sleep apnea

was excluded by polysomnography. The thyroid hormone

had induced chemical euthyroidism and had relieved her

fatigue slightly. Her history raised a suspicion of iron

deficiency despite a normal complete blood count (he-

moglobin concentration 137 g/L) 3 months before refer-

ral. The ferritin concentration was only 5.4 lg/L (Fig. 2).

Oral iron was prescribed with increasing doses and from

month 7–14 the patient took ferrous sulfate 100 mg three

times daily with apparently good compliance. During that

time both her hemoglobin increased by 10 g/L as a sign

of iron deficiency, the tiredness and sleep disturbances

were somewhat relieved, but the patient was not still feel-

ing well. Iron (ferric carboxymaltose, 500 mg) was

infused i.v. on months 14, 18, and 25 and every time all

the symptoms disappeared within 4 weeks after the infu-

sion and reappeared, when the ferritin level dropped to

about 100 lg/L after the first two infusions. The patient

has no knowledge of the laboratory results at the time,

when she reported the reappearance of the symptoms.

Discussion

Iron deficiency is a common clinical challenge [2–4], but
the diagnosis is difficult when blood count is normal. It has

been unclear to what extent the non-hematologic effects of

iron deficiency are manifested before anemia, if it develops

[2, 3, 11]. Even if ferritin is the most sensitive method to

detect iron deficiency [2, 3] it may be difficult to determine

which ferritin concentration is indicating iron deficiency

[5, 6]. Therefore one has to rely on non-hematologic symp-

toms and interpret the ferritin concentration in conjunc-

tion with symptoms taking into consideration the

differential diagnostic possibilities which may give similar

symptoms. Iron deficiency is usually a result of increased

host requirements such as high-performance sport, limited

supply such as vegetarian diet, and increased blood loss.

Often this can be ascertained by a lifetime history of iron

loss due to heavy menstrual bleeding, blood donations,

multiple pregnancies, accidents/surgery among others [15].

Furthermore, the diagnosis is supported by the ferritin

determination and exclusion of other causes of symptoms

[16, 17]. Hypothyroidism based on symptoms is indistin-

guishable from iron deficiency [18, 19]. Fatigue and neu-

rocognitive symptoms often raise a suspicion of

depression. Furthermore, headache and muscle and joint

pain associated with iron deficiency are repeatedly consid-

ered migraine and fibromyalgia syndrome, respectively [3,

19]. The multitude of symptoms is commonly associated

low ferritin concentration without anemia [1, 17, 20–22].
In addition, iron supplementation has been shown to

improve fatigue and physical performance with low ferritin

concentration [23–25]. The symptoms of iron deficiency

may arise from the metabolic system where many of the

proteins are iron containing [2, 3, 11–13]. Even if the

amount of functional protein-bound iron is minimal its

role is apparently important. The conclusion is that the

Figure 1. Hemoglobin, mean corpuscular volume (MCV) and ferritin of a patient, who received 1-year oral iron and whose symptoms relapsed

twice after discontinuation of oral iron at the same time when the ferritin concentration decreased to the <100 lg/L.
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supply of iron to these systems may also explain the fluctu-

ation of symptoms as described in the cases. Furthermore,

there may a question of iron deficiency in combination

with functional iron deficiency, where there is an insuffi-

cient mobilization of erythroid iron in the presence of

increased requests [2, 3, 5].

Iron should be administrated much longer, on average

6–12 months, than only a few months, which is common

practice in general care [3]. This may partly due to poor

compliance mainly due to adverse effects of oral iron and

this should always be addressed during following-up con-

tact with the patients during oral iron therapy. Intoler-

ance to oral iron is probably the main cause for

intravenous iron therapy. Even if the severe adverse

effects with the current intravenous iron preparation are

rare [2, 3] they still exist and may lead to the discontinu-

ation of the infusion, and strategies to treat them should

be planned beforehand. Furthermore, it needs to be taken

into consideration that in relation to intravenous iron

there may be a placebo effect of improved subjective well-

being. In case 2, this is most probably not the cause of

fluctuating symptoms, as the patients did not know the

behavior of ferritin concentration when she reported the

reappearance of her symptoms.

Conclusion

The presented cases with symptoms of iron deficiency ane-

mia as examples are demonstrating that a normal full

blood count is common in association with low ferritin

levels that would indicate iron deficiency. It is much more

important to listen to the patient’s description of his/her

symptoms than to use the full blood count to rule out iron

deficiency. If symptoms are in accordance with iron defi-

ciency, the patient should be considered iron deficient at

least up to a serum ferritin concentration of 100 lg/L, or
even much higher, if the patient has an inflammatory con-

dition, kidney disease or fatty liver [2, 3]. Iron deficiency

irrespective of manifestation should always be treated (17).

The ferritin level should be controlled regularly during

and after the iron administration with a sustained target

ferritin of more than 100 lg/L. A marked improvement

or total disappearance of symptoms should decide the

duration of iron treatment. If the patient has apparently

had iron deficiency for more than [5]–10 years, the fer-

ritin concentration may repeatedly drop with the reap-

pearance of symptoms when oral (Fig. 1) or intravenous

(Fig. 2) iron therapy is discontinued.

When the patient is symptomless he/she should be fol-

lowed for an extended period of time to ascertain that

the ferritin concentration remains stabilized, especially if

the patient is a female with abundant menstruations or

planning pregnancy. No blood donations should be

allowed. I consider the diagnosis and management of iron

deficiency without anemia as one of the greatest chal-

lenges during my 35-year career as an internist. Further-

more, I am convinced that there is still a lot to be

discovered about iron metabolism.
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Figure 2. Hemoglobin, mean corpuscular volume (MCV) and ferritin of a patient who received oral iron for 1 year and thereafter intravenous

iron three times after the first two infusions the patients’ symptoms relapsed when her ferritin concentration decreased to the <100 lg/L.

ª 2018 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd. 1085

E. T. Soppi Iron deficiency without anaemia



Authorship

ETS: solely responsible for examining and treating the

patients and writing this study.

References

1. Sawada, T., A. Konomi, and K. Yokoi. 2014. Iron

deficiency without anemia is associated with anger and

fatigue in young Japanese women. Biol. Trace Elem. Res.

159:22–31.

2. Camaschella, C. 2015. Iron-deficiency anemia. N. Engl. J.

Med. 372:1832–1843.

3. Lopez, A., P. Cacoub, I. C. Macdougall, and L. Peyrin-

Biroulet. 2016. Iron deficiency anaemia. Lancet 387:907–

916.

4. Umbreit, J. 2005. Iron deficiency: A concise review. Am. J.

Hematol. 78:225–231.

5. Goodnough, L. T., E. Nemeth, and T. Ganz. 2010.

Detection, evaluation, and management of iron-restricted

erythropoiesis. Blood 116:4754–4761.
6. Peyrin-Biroulet, L., N. Williet, and P. Cacoub. 2015.

Guidelines on the diagnosis and treatment of iron

deficiency across indications: a systematic review. Am. J.

Clin. Nutr. 102:1585–1594.
7. Punnonen, K., K. Irjala, and A. Rajam€aki. 1997. Serum

transferrin receptor and its ratio to serum ferritin in the

diagnosis of iron deficiency. Blood 89:1052–1057.

8. Picchietti, D. L., J. G. Hensley, J. L. Bainbridge, K. A. Lee,

M. Manconi, J. A. McGregor, et al. 2015. Consensus

clinical practice guidelines for the diagnosis and treatment

of restless legs syndrome/willis-ekbom disease during

pregnancy and lactation. Sleep Med. Rev. 22:64–77.
9. Mast, A. E., M. A. Blinder, A. M. Gronowski, C. Chumley,

and M. G. Scott. 1998. Clinical utility of the soluble

transferrin receptor and comparison with serum ferritin in

several populations. Clin. Chem. 44:45–51.
10. Anker, S. D., J. Comin Colet, G. Filippatos, R.

Willenheimer, K. Dickstein, H. Drexler, et al. 2009. Ferric

carboxymaltose in patients with heart failure and iron

deficiency. N. Engl. J. Med. 361:2436–2448.
11. Dallman, P. R., E. Beutler, and C. A. Finch. 1978. Effects

of iron deficiency exclusive of anaemia. Br. J. Haematol.

40:179–184.

12. Cammack, R., and H. Baum. 1990. Iron dependent

enzymes in mammalian systems. Pp.12–35 in P. Ponka, H.

M. Schulman, R. C. Woodworth and G. W. Richter, eds.

Book iron transport and storage. CRC Press, 1990.

13. Nie, G., A. D. Sheftel, S. F. Kim, and P. Ponka. 2005.

Overexpression of mitochondrial ferritin causes cytosolic

iron depletion and changes cellular iron homeostasis.

Blood 105:2161–2167.

14. Dalton, K., and M. J. Dalton. 1978. Characteristics of

pyridoxine overdose neuropathy syndrome. Acta Neurol.

Scand. 76:8–11.

15. Hershko, C., and C. Camaschella. 2014. How I treat

unexplained refractory iron deficiency anemia. Blood

123:326–333.
16. Johnson, S., A. Lang, M. Sturm, and S. H. O’Brien. 2016.

Iron deficiency without anemia: A common yet under-

recognized diagnosis in young women with heavy

menstrual bleeding. J. Pediatr. Adolesc. Gynecol. 29:628–
631.

17. Cl�enin, G. E. 2017. The treatment of iron deficiency

without anaemia (in otherwise healthy persons). Swiss

Med. Wkly 147:w14434.

18. Ravanbod, M., K. Asadipooya, M. Kalantarhormozi, I.

Nabipour, and G. R. Omrani. 2013. Treatment of iron-

deficiency anemia in patients with subclinical

hypothyroidism. Am. J. Med. 126:420–424.
19. Soppi, E. 2015. Iron deficiency is the main cause of

symptom persistence in patients treated for

hypothyroidism. Thyroid 25(suppl 1):A-74.

20. Ortancil, O., A. Sanli, R. Eryuksel, A. Basaran, and H.

Ankarali. 2010. Association between serum ferritin level

and fibromyalgia syndrome. Eur. J. Clin. Nutr. 64:308–312.
21. Sinclair, L. M., and P. S. Hinton. 2005. Prevalence of iron

deficiency with and without anemia in recreationally active

men and women. J. Am. Diet. Assoc. 105:975–978.

22. Yokoi, K., and A. Konomi. 2017. Iron deficiency without

anaemia is a potential cause of fatigue: meta-analyses of

randomised controlled trials and cross-sectional studies.

Br. J. Nutr. 117:1422–1431.

23. Krayenbuehl, P. A., E. Battegay, C. Breymann, J. Furrer,

and G. Schulthess. 2011. Intravenous iron for the

treatment of fatigue in nonanemic, premenopausal women

with low serum ferritin concentration. Blood 118:3222–
3227.

24. Pasricha, S. R. Sr, M. Low, J. Thompson, A. Farrell, and L.

M. De-Regil. 2014. Iron supplementation benefits physical

performance in women of reproductive age: a systematic

review and meta-analysis. J. Nutr. 144:906–914.

25. Sharma, R., T. L. Koch, and S. H. O’Brien. 2014. Effect of

intravenous iron therapy on quality of life in non-anemic

iron-deficient young women with fatigue. Blood 124:4858.

1086 ª 2018 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

Iron deficiency without anaemia E. T. Soppi


