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Abstract: Anemia is defined as a decrease in the hemo-
globin concentration below the age- and sex-specific lower 
limit, established by WHO as 130 g/L in men and 120 g/L 
in women. In principle, there are many differential diag-
noses which must be considered. The diagnostic evalua-
tion furthermore is complicated by the fact that anemias 
are often multicausal. A rational evaluation of anemia 
should always take into account the epidemiological data 
and also the individual patient’s history. The classification 
according to the size and the hemoglobin content of the 
red blood cells based on the erythrocyte indices still plays 
a central diagnostic role. The worldwide most important 
cause of a hypochromic-microcytic anemia is iron defi-
ciency. Anemia of chronic disease (ACD) and thalassemia 
are to be considered as differential diagnoses. Disorders 
of vitamin B12 and folic acid metabolism are clinically the 
most important causes of hyperchromic-macrocytic ane-
mia. The normochromic-normocytic group includes most 
forms of anemias. In these cases one should not try to 
cover all possible causes by a fully comprehensive labora-
tory panel within the first blood sample already. It is more 
appropriate to proceed step-by-step to evaluate the most 
frequent and clinically most important reasons first. This 
especially applies to geriatric and multimorbid patients 
where the diagnostic effort must be adjusted to the indi-
vidual needs and prognosis of the patient, not only from 
economical but also from ethical reasons. In unexplained 
anemias, consultation of a hematologist should be con-
sidered. In case of doubt, bone marrow biopsy is required 
to precisely evaluate the hematopoiesis and to exclude a 
hematological disorder.

Keywords: anemia; differential diagnosis; macrocytic; 
microcytic; normocytic.

Introduction

Anemia is defined as a decrease in hemoglobin concentra-
tion (Hb) below the age- and sex-specific reference values. 
Larger laboratories usually establish their own normative 
data based on regional measurements. Epidemiological 
studies mostly rely on the criteria set by a WHO expert 
group in 1968 [1]. According to this, the hemoglobin con-
centration depends on both age and sex with lower hemo-
globin limits of 120 g/L for women and 130 g/L for men 
(Table 1).

A low hemoglobin concentration can have negative 
effects on the cardiovascular system, cognitive func-
tions and quality of life. However, rather than being a 
disease itself, anemia should be considered the result of 
an underlying congenital or acquired disease or disor-
der. Therefore, the clinical picture of anemia is coupled 
with a wide array of differential diagnoses which the 
clinician should consider carefully. Given the high 
prevalence of anemia [2, 3], the diagnosis should be 
based on sound reasoning in order to minimize labora-
tory investigations and costs. Although it is obviously 
desirable to have a diagnostic approach tailored for an 
individual patient, it may be best to follow a standard-
ized protocol and modify that as required by individual 
circumstances.

Epidemiology

In clinical practice, this standard protocol starts with a 
patient-based evaluation of the epidemiological data that 
one keeps at the back of one’s mind. You will encoun-
ter frequently that which is frequent but only rarely that 
which is rare (“if it’s rare it’s not on my chair”). This 
applies not only to general practitioners, but also to 
hospitals and – except for specialist outpatient clinics – 
university hospitals.

In children and adolescents, iron deficiency anemia 
and thalassemia are by far the most common forms of 
anemia in Europe – at least an order of magnitude more 
common than any other form [1, 4, 5].
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In adults, anemia is mostly caused by an impaired 
iron supply for erythropoiesis. Premenopausal women 
and pregnant women are primarily affected by genuine, 
absolute iron deficiency. In those aged 65 and older, 
anemia of chronic disease (ACD), pathophysiologically 
due to disturbed iron metabolism, is the most common 
type of anemia accounting for approximately 20% of 
cases. Other frequent causes of anemia in geriatric 
patients include malnutrition and chronic renal insuffi-
ciency [2, 6–11].

Case history

Considering the patient’s history is an essential part of 
diagnosing anemia. The cause of anemia can be identified 
more effectively and more cost-efficiently if one knows 
about the patient’s social background, eating habits, 
as well as family and medical history. In this context, 
the clinical assessment of the anemia symptoms is also 
important. In other words: is there also a clinical mani-
festation of the decreased hemoglobin level or could it be 
merely related to the applied reference value. Older men 
are a good example. The physiological drop in testoster-
one level results in a decrease in hemoglobin, a fact that 
is not considered in the WHO reference ranges. Thus, a 
hemoglobin level of 120 g/dL obtained in an asympto-
matic 80-year-old man is usually no reason to initiate an 
extensive diagnostic work-up.

Laboratory diagnostics

The first steps in the evaluation of anemia depend on the 
laboratory screening panel initially used. Typically, this 
includes the complete blood count, consisting of hemo-
globin, red blood cell count, hematocrit, the erythrocyte 
indices mean corpuscular volume (MCV) and mean cor-
puscular hemoglobin (MCH), the number of platelets 
and leukocytes, as well as the differential blood count. 

Table 1: Lower hemoglobin limit depending on age and sex accord-
ing to the WHO [1].

  Hb lower limit, g/L

Children 6 months to 6 years  110.0
Children 6–14 years   120.0
Men   130.0
Women, not pregnant   120.0
Women, pregnant   110.0

Reticulocytes usually have to be ordered separately and 
are not typically available at the initial evaluation.

First, one should look at the differential blood count. 
When blasts are detected, it is indicative of a serious, 
underlying hematological disease that requires immedi-
ate admission, or referral to a hematologist. Also with a 
white blood cell count of over 25 × 109/L and in the absence 
of other obvious causes, the patient should be referred to 
a specialist in order to exclude a hematologic neoplasm. 
Although platelet counts above 500 × 109/L can also occur 
reactively, for example, in the context of iron deficiency, 
a myeloproliferative neoplasm should be assumed unless 
proven otherwise.

In the case of an isolated anemia, the further diagnos-
tic measures depend on the size and hemoglobin content 
of the erythrocytes. If the reticulocyte count is already 
available at this point, the anemia can be divided into a 
hyper-regenerative (reticulocytes  > 100/μL) and a hypo-
regenerative form. This distinction is valuable because 
a hyper-regenerative anemia really only occurs, with the 
exception of therapy-related regenerations, in a subacute 
hemorrhage or hemolytic anemia. Both cases require 
immediate action in the form of further diagnostics or 
intensive medical care.

If the reticulocytes are not elevated, or they are 
not yet available, an initial diagnosis has to be based 
on the red cell indices, MCV and MCH. The classifica-
tion is then made in favor of hypochromic-microcytic 
(MCH  < 27  pg, MCV  < 80 fL), normochromic-normocytic 
(MCH 27–34 pg; MCV 80–96 fL) or hyperchromic-macro-
cytic (MCH  > 34  pg; MCV  > 96 fL). This “time-honored” 
classification is still valid from the clinical perspective 
because it ensures that the most important types of 
anemia, and in particular those with the most severe 
consequences, are not being missed (Figure 1). A hypo-
chromic-microcytic anemia is to be considered the result 
of an iron deficiency, and to be investigated as such, 
until proven otherwise. In the case of a hyperchromic-
macrocytic blood count, one initially assumes a vitamin 
B12/folic acid deficiency and acts accordingly in order to 
prevent permanent damage to the patient.

Hypochromic-microcytic anemia
In theory, there are several possible causes of hypochro-
mic-microcytic anemia (Figure 1). But only three of them 
matter in clinical practice: iron deficiency anemia, ACD 
and thalassemia. What are the typical characteristics of 
these forms of anemia and how can one tell them apart 
most easily?
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Iron deficiency anemia

A negative iron balance first causes a storage iron deple-
tion (stage I), where the total body iron is decreased, 
without the synthesis of hemoglobin being affected. In 
this stage, there is no immediate clinical dysfunction. In 
stage II, the iron-deficient erythropoiesis, iron deficiency 
becomes a disease, as the amount of iron is no longer suf-
ficient to meet the requirement of the erythropoietic pre-
cursors in bone marrow. The hemoglobin concentration, 
however, is still within the reference range. Finally, when 
the iron supply is insufficient to maintain a normal hemo-
globin concentration, stage III of iron deficiency, the iron 
deficiency anemia (Figure 2), is reached.

There are several iron parameters that can be used 
to assess the iron metabolism of a person. It is, however, 
important always to bear in mind that these tests indicate 
something different in terms of iron deficiency [12]. The 
individual parameters do not measure a single entity called 
“iron deficiency” but they are related to a specific stage 
of iron deficiency (Figure 3). Ferritin reflects the amount 
of iron stored, but says nothing about the iron supply 
for the red cell precursors in bone marrow. This requires 
other parameters which allow to monitor the supply of 
the erythropoiesis with iron. These include zinc proto-
porphyrin (ZPP), the soluble transferrin receptors (sTfR), 
the hypochromic erythrocytes (HYPO) and reticulocyte 
hemoglobin (CHr). An indirect indication of iron-deficient 
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Figure 1: Classification of anemia according to the red cell indices.

Figure 2: Peripheral blood film of a patient with an iron deficiency 
anemia.
The erythrocytes are smaller than normal red blood cells. As a result 
of the lack of hemoglobin, there is an increase in central pallor, 
which occupies more than the normal approximate one-third of the 
red cell diameter. Most erythrocytes appear ring-shaped, known as 
anulocytes.

Storage iron depletion

Iron-deficient erythropoiesis

Iron deficiency anemia
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Hemoglobin
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Figure 3: Laboratory parameters of iron metabolism and their 
sensitivity.
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erythropoiesis is provided by a reduced transferrin satura-
tion of   ≤  15%. Finally, a hemoglobin analysis is required to 
confirm the drop in hemoglobin below the lower limit and, 
thus, to diagnose the most severe form of iron deficiency, 
the iron deficiency anemia [13]. Consequently, there is no 
such thing as the “best iron parameter”. In detecting dif-
ferent stages, the various tests, however, efficiently com-
plement one another in order to characterize the severity 
of the iron deficiency in the individual patient.

According to WHO recommendation, the best way to 
determine the iron status of an individual is to analyze 
the serum ferritin level [14]. From the theoretical point 
of view, this is correct, because ferritin is the only labo-
ratory parameter that reflects the iron stores and, thus, 
captures iron deficiency at the earliest stage. A serum fer-
ritin  < 12 μg/L is deemed proof of storage iron deficiency. 
However, even levels  < 22 μg/L seem to be associated with 
a clinically relevant storage iron depletion [15].

There is, however, a potential problem when using fer-
ritin as a screening parameter of iron deficiency, because 
ferritin is also an acute-phase protein that co-reacts in con-
nection with inflammatory disorders, as well as in liver 
diseases. Therefore, ferritin measurement is only of limited 
use in particular in multimorbid patients. Caution should 
be exercised in this regard also in the case of the elderly: 
Aging goes hand-in-hand with a subclinical inflammatory 
process that can elevate the serum ferritin concentration 
and, thus, mask an existing iron deficiency [16].

The general recommendation in connection with 
a normal or elevated ferritin level is that an additional 
acute-phase protein should be examined in order to rule 
out a false-normal ferritin concentration [17]. As a rule, 
the C-reactive protein (CRP) is used for this purpose. But 
this does not quite solve the problem yet, since ferritin 
exhibits a different dynamics than CRP in the inflamma-
tory process, which causes that about 15% of cases of iron 
deficiency are not detected even when this tandem analy-
sis is employed. Meanwhile, recommendations have been 

Table 2: Typical constellation of iron parameters at different stages of iron deficiency.

Stage    I    II    III

Storage iron 
depletion

Iron-deficient 
erythropoiesis

Iron-deficiency 
anemia

Ferritin   ↓   ↓   ↓
Transferrin saturation  n   ↓   ↓
CHr   n   ↓   ↓
HYPO   n   ↑   ↑
ZPP   n   ↑   ↑
sTfR   n   ↑   ↑
Hemoglobin   n   n   ↓

issued that suggest that the α1-acid glycoprotein should be 
used as a further acute-phase protein in addition to CRP. 
But this does not make the diagnostics any cheaper [18].

Given the diagnostic uncertainty of ferritin, there is 
a clear need for a diagnostic alternative, particularly in 
multimorbid patients. This alternative is provided by the 
parameters of iron-deficient erythropoiesis that monitor 
the iron supply for erythroid precursors. ZPP is of particu-
lar diagnostic value. It is produced instead of heme when 
the iron support to the erythropoiesis becomes insuffi-
cient and zinc, instead of iron, is incorporated into pro-
toporphyrin IX. The measurement therefore captures all 
disturbances of the iron metabolism, not only the absolute 
iron deficiency [19, 20]. False-elevated levels, by contrast, 
are measured only in the very rare congenital, erythro-
poietic porphyria. The ZPP analysis prompts the clini-
cian to the following question: “Does the anemia have 
anything to do with iron?” The clear answer: yes, or no. 
Values within the normal range rule out disorders of the 
iron metabolism except for an isolated depletion of the 
iron stores (stage I). Elevated levels provide proof of iron-
deficient erythropoiesis, and also allow for an assessment 
of their clinical significance. Typically, you would con-
sider an anemia when the ZPP reaches twice the standard 
value, ie ZPP  > 80 μmol/mol heme. In the case of severe 
forms of anemia with a hemoglobin level  < 90 g/L, ZPP 
is usually  > 200 μmol/mol heme, and a long-lasting iron-
deficient erythropoiesis can produce concentrations of up 
to 1000 μmol/mol heme.

To proof the existence of an iron deficiency beyond 
doubt requires the analysis of one of the parameters of 
the iron-deficient erythropoiesis in addition to ferritin 
(Table 2). Here, HYPO, CHr and sTfR have a key advantage 
over ZPP, because their analysis was automated. However, 
they do not solely depend on the iron metabolism, which 
means that other factors, too, must be considered when 
interpreting them. For HYPO and CHr, these are gener-
ally all factors that affect the erythrocytic hemoglobin 
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concentration, but also, above all, those that cause a 
hyperchromic blood count. In the case of sTfR, it is espe-
cially the quality and quantity of erythropoiesis that is 
reflected in the measured serum levels, apart from the 
iron metabolism [21]. Chronic lymphocytic leukemia, too, 
causes an increase in the sTfR concentration in correla-
tion with the tumor burden, even though there is no iron 
deficiency present [22].

Depending on the desired sensitivity and specificity, 
different cut-off values were proposed for HYPO and CHr in 
the past. Now, the preferred proof of iron-deficient erythro-
poiesis is usually HYPO  > 5% and CHr  < 28 pg [23]. The situ-
ation is somewhat more complex for sTfR. The parameter 
is measured using different methods that use calibrators 
with varying degrees of transferrin affinity. This results 
in test-dependent reference values, some of which differ 
from each other quite considerably (e.g. 0.4–1.8 mg/L for 
Dade Behring and 0.7–4.2 mg/L for Nichols Institute). In 
addition, reference values were not always obtained from 
individuals whose iron metabolism had been studied 
carefully. Consequently, the “normal population” also 
included people with an iron deficiency. This can be seen 
when considering the different reference values for males 
and females, even though people without an iron defi-
ciency do not exhibit any sex-specific differences in their 
sTfR concentration. Furthermore, the manufacturer’s ref-
erence values were partially revised on the basis of inves-
tigations done on a group of individuals whose iron status 
was defined precisely [15, 24]. In order to fully exploit the 
potential of this diagnostically superior parameter, it is 
therefore recommended to check the quality of the stated 
reference values against the literature, or even to derive 
one’s own reference values for the sTfR test used.

Anemia of chronic disease

Anemia of chronic disease (ACD) is also caused by an iron-
deficient erythropoiesis. In contrast to the genuine, abso-
lute iron deficiency, the iron deficiency in the context of 
ACD is only of a functional nature. The pathogenesis of 
ACD is complex and multifactorial. The focus is on hep-
cidin-triggered iron deprivation, which puts the body in 
a state of functional deficiency. Although iron is abun-
dantly available in the body, to provide an unspecific 
defense mechanism, it is blocked within the reticulo-
endothelial system. As a result, iron is unavailable to the 
pathogen or the inflammatory process – but unfortunately 
also to the erythropoiesis [25–27].

Any inflammatory or malignant process can induce 
ACD, but only if it persists for, typically, at least six to eight 

weeks. Particularly noteworthy here are autoimmune dis-
eases (e.g. polymyalgia rheumatica, rheumatoid arthritis, 
systemic lupus erythematosus), chronic infections (e.g. 
tuberculosis, osteomyelitis, endocarditis) and malignan-
cies. A substantial amount of the anemia of the elderly is 
also ACD, caused by cytokine imbalance. Acute inflamma-
tion also causes an iron blockade, but this is without clini-
cal significance due to the short duration of the disease 
and the long life span of the erythrocytes.

ACD plays an important role in clinical practice. It is, 
in fact, regarded as the most common type of anemia in 
hospitalized patients and the elderly [6, 7, 10]. However, it 
must be emphasized that not every anemia occurring in a 
chronic disease is ACD; it is only those that can be linked 
pathophysiologically to a cytokine-induced derange-
ment of iron metabolism. Therefore, the epidemiological 
surveys on ACD should be treated with caution, since the 
diagnosis in such cases is usually based only on a ferritin 
and/or CRP analysis.

ACD can only be proven beyond doubt by examina-
tion of a Prussian blue stain of a bone marrow smear. 
This can confirm both the sufficient amount of iron in 
reticulo-endothelial stores and the iron-deficient erythro-
poiesis, which becomes obvious by decrease of the iron-
containing red cell precursors. A bone marrow biopsy is 
of course not always possible, nor is it necessary in most 
cases to arrive at a reliable ACD diagnosis.

The key task of ACD diagnostics consists in confirm-
ing iron-deficient erythropoiesis and ruling out an abso-
lute iron deficiency. This can be done very easily with two 
parameters, ZPP and sTfR. ZPP captures all derangements 
of iron metabolism, including those related to ACD [28]. 
The sTfR concentration, on the other hand, is elevated 
only in the case of a genuine, absolute iron deficiency; 
with ACD, it remains within the reference range [29, 30]. 
Valuable information is also obtained from the ZPP level: 
levels  > 150 μmol/mol heme are observed only in connec-
tion with a very severe form of ACD. ZPP  > 200 μmol/mol 
heme virtually never occurs with ACD, and suggests an 
iron deficiency anemia. In other words, the insufficient 
iron supply for erythropoiesis in the case of ACD is not as 
pronounced as in an anemia that is caused by absolute 
iron deficiency. Accordingly, the ACD in most cases is nor-
mochromic-normocytic. A hypochromic-microcytic blood 
count develops only after a long and severe course of the 
chronic illness. However, MCV levels  < 70 fL are practi-
cally never reached.

Of course, one can ignore ZPP and sTfR and work 
only with the traditional parameters, but the diagnostics 
would then be more difficult and not entirely clear, par-
ticularly if the erythrocytes are only borderline microcytic. 
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Decreased transferrin saturation in such cases points to 
an iron-deficient erythropoiesis. CHr  < 28 pg confirms 
a current insufficient supply for erythropoiesis, while 
an increase in HYPO  > 5% indicates that the insufficient 
supply has already persisted for some time. But none of 
this makes any difference between iron deficiency anemia 
and ACD. By this point, at the latest, one must analyze the 
sTfR, or rely on elevated ferritin. CRP does not really help 
much in this situation. Although elevated CRP is tradition-
ally part of ACD, it also renders the assessment of elevated 
ferritin more difficult, by signaling that the ferritin might 
also be false-normal. In other words, iron deficiency 
anemia would produce precisely the same laboratory con-
stellation in connection with an acute inflammation. To 
be honest, one must admit that in clinical practice, and 
when an underlying chronic disease is known, ACD diag-
noses have been only assumptions more often than they 
have been confirmed beyond doubt. It would help diag-
nostically to know the serum level of hepcidin, which is 
reduced with iron deficiency anemia and elevated with 
ACD [31, 32]. Several laboratories now offer this parameter 
and we would expect that it will play a key role in the dif-
ferential diagnosis in the future. It has not been standard-
ized yet, which means that the measured values depend 
on the method (ELISA, mass spectrometry) and standard 
used and on the respective ability to capture the isoforms 
hepcidin-20 and hepcidin-22 in addition to the bioactive 
hepcidin-25 [33].

Patients with ACD and a co-existing iron deficiency, 
not uncommon in rheumatoid arthritis, present a particu-
larly challenging constellation. Diagnosis with conven-
tional iron parameters was notoriously problematic and 
could generally only be made by bone marrow biopsy. In 
those cases, too, sTfR proved extremely helpful after it 
had been shown that it is able to detect absolute iron defi-
ciency even in combination with a chronic inflammation. 
As long as sTfR is within the reference range, one assumes 
a “simple” ACD in patients with chronic inflammatory dis-
eases. If, however, the sTfR concentration is elevated the 
diagnosis changes in favor of an ACD with a co-existing 
iron deficiency [15, 24]. This challenging differential diag-
nosis underlines the demand for a clear cut-off value to be 
applied to sTfR in order to differentiate between patients 
with and without iron deficiency.

To improve the diagnostic reliability of sTfR for con-
firming or ruling out iron deficiency in complex cases 
of anemia, the TfR-F index was introduced [15, 24]. This 
parameter represents a ratio of the serum sTfR value and 
the common logarithm of serum ferritin concentration. It 
can be used to distinguish between patients with iron defi-
ciency and those without: patients with iron deficiency 

exceed a cut-off value. Our preference is in favor of sepa-
rate interpretation of the individual parameters sTfR and 
ferritin. This is based on the following reasons. First, the 
index reduces two meaningful parameters to a single, 
imaginary value. Second, in our study we have not been 
able to show the superiority of the TfR-F index [22]. Finally, 
the cut-off values of the TfR-F index are test-dependent 
(see above) and in some cases differ substantially from 
each other (R&D Systems:  > 1.5; Dade Behring:  > 1.5; Orion 
Diagnostica:  > 2.2; Nichols Institute:  > 3.5; Roche Diagnos-
tics:  > 3.8), which does not facilitate the diagnosis. When 
the interpretation of the sTfR results becomes problem-
atic as in conditions with increased erythropoiesis or in 
chronic lymphocytic leukemia, the sTfR-F index does not 
provide any diagnostic help when compared to the sole 
sTfR analysis [34].

To estimate the proportion of the erythropoiesis on 
the concentration of sTfR, and to consider it in the differ-
ential diagnosis, the “Thomas plot” combines the TfR-F 
index with CHr as a second parameter of iron-deficient 
erythropoiesis that is independent of the erythropoietic 
activity [23]. Even though the above objections to the 
TfR-F index apply here as well, and the cut-off value of 
TfR-F is not only test-dependent, but also shifts relative 
to CRP, the four-quadrant plot provides a rough guide for 
classifying anemias: anemias can be assigned to one of 
the four quadrants depending on their cause. Quadrant 1 
(TfR-F index  < cut-off, CHr  > 28 pg) contains anemias with 
a normal hemoglobin content, with normal or reduced 
erythropoiesis (e.g. ACD, renal anemia, hypo-regenerative 
anemias, myelosuppression), while Quadrant 2 (TfR-F 
index  > cut-off, CHr  > 28 pg) contains hyper-regenerative 
anemias and iron deficiency anemias undergoing sub-
stitution therapy and/or cases with slight iron-deficient 
erythropoiesis. Typical iron deficiency anemias are located 
in Quadrant 3 (TfR-F index  > cut-off, CHr  < 28 pg) and 
anemias involving derangements of iron metabolism and 
disorders causing a reduced hemoglobin production (e.g. 
severe ACD, ACD combined with iron deficiency, thalas-
semia), in Quadrant 4 (TfR-F index  < cut-off, CHr  < 28 pg).

Thalassemia

In the case of thalassemia, the hypochromic-microcytic 
blood count is due to a deficit in hemoglobin production, 
resulting from a genetically caused, reduced or absent 
function of one or more globin genes. Since hemoglobin, 
from the seventh month of life, physiologically consists of 
95%–98% HbA1, composed of two α and two β chains, only 
the α and β thalassemias are important in clinical practice. 
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thalassemia. In contrast to iron deficiency anemia, it is 
normal or only slightly elevated in thalassemia minor, and 
thus already resolves the differential diagnosis. Elevated 
ZPP value measured in a case of thalassemia minor points 
to additional iron deficiency. Ferritin does not help with 
the differential diagnosis. It does check the iron stores, but 
does not allow for any conclusions about the iron supply 
for erythropoiesis. In cases of β-thalassemia intermedia, 
ZPP of up to 100 μmol/mol heme can be observed. This 
increase is due to the significantly elevated, ineffective 
erythropoiesis when the system capacity for an optimal 
iron support is exceeded. Similar observations are made 
with other highly hyper-regenerative anemias.

In α-thalassemia, the situation is somewhat more 
complicated. The existence of the α chain (being the most 
important globin chain) is secured by four α genes. The 
failure of all four genes is incompatible with survival 
and ends in hydrops fetalis. The absence of three genes 
results in a chronic hemolytic anemia with hemoglobin 
levels of 60–100 g/L, as well as in a significant reduction 
in MCV, MCH and MCHC and a pronounced anisocytosis 
with elevated RDW. The diagnosis is confirmed by means 
of hemoglobin electrophoresis or HPLC with detection 
of hemoglobin H (HbH) consisting of four β chains. If so 
suspected, HbH-containing erythrocytes can be easily 
detected by their classic golf ball morphology using 
brilliant cresyl blue supravital staining. This requires, 
however, a staining incubation time of 3–4 h.

While the severe forms of α thalassemia can hardly 
be overlooked, the loss of one or two α genes, a condi-
tion known as α-thalassemia trait, poses a real diagnos-
tic challenge. The patients are clinically asymptomatic 
and have normal hemoglobin levels. However, the red 
cell indices are usually lowered, which is often misinter-
preted as iron deficiency. Thus, one should always suspect 
an α-thalassemia trait when a person of an appropriate 
ethnic group has a hypochromic-microcytic blood count, 
is not iron deficient and has a normal hemoglobin electro-
phoresis and normal HbA2 – at least until proven other
wise. Real proof of the α-thalassemia trait can only be 
obtained by DNA analysis. Hemoglobin electrophoresis 
and HPLC yield normal readings, except during the neo-
natal period when a low amount of hemoglobin Bart’s (γ4) 
and HbH may be detected.

Practical consequences

What are the consequences for clinical practice? An “all-
inclusive panel” that allows for an adequate clarification 
of the main causes of hypochromic-microcytic anemia, 

The clinical picture and also the laboratory parameters 
may vary greatly depending on the respective genetic 
mutation and the number of affected genes.

β-Thalassemia major (Figure 4) generally does not 
cause diagnostic problems. It is characterized by a severe, 
transfusion-dependent hypochromic-microcytic anemia 
(mostly since early infancy) that is caused by a severe 
reduction or total lack of synthesis of the β globin chains.

More difficult is the recognition of a β-thalassemia 
minor, in which case the production of the β chains 
is only slightly reduced, so that often no or only mild 
anemia occurs. Nevertheless, it results in a hypochromic-
microcytic blood count that does not match the marginally 
normal hemoglobin, therefore allowing the differential 
diagnosis from an iron deficiency anemia. Another dif-
ference from iron deficiency anemia is the mostly normal 
MCHC (normal: 32–36 g/dL) and minimal anisocytosis (red 
cell distribution width, RDW  < 15%). The disease is con-
firmed by hemoglobin electrophoresis or HPLC by detect-
ing elevated HbA2 (normal:  < 3.2%). However, it should be 
noted that the production of HbA2 is selectively reduced in 
connection with iron deficiency, so that iron deficiency can 
mask a β-thalassemia minor. In this context, ZPP is helpful 
because it can exclude a significant iron-deficient eryth-
ropoiesis and substantiate the HbA2 finding. However, 
the ZPP analysis is generally useful in cases of suspected 

Figure 4: Smear of peripheral blood in the case of a transfusion-
dependent β-thalassemia major.
One sees an abundance of hypochromic anulocytes whose cell 
membrane is only slightly covered with hemoglobin, as well as 
individual target cells. Howell-Jolly bodies are present in some 
erythrocytes due to a splenectomy in the past, as are numerous 
Pappenheimer bodies (siderocytes), which indicate derangement of 
iron metabolism. Between the patient’s own erythrocytes, one can 
see transfused donor erythrocytes, one erythroblast and numerous 
platelets. Laboratory, see Table 4, patient 14.
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in our view, would contain the following parameters: 
reticulocytes, ferritin, transferrin saturation, ZPP, sTfR, 
CRP, ALAT, hepcidin and hemoglobin electrophoresis. It 
is obviously of benefit to adapt or condense this panel for 
each patient. For example, in young women with hypo-
chromic-microcytic anemia, a ferritin analysis is usually 
diagnostically sufficient. Hemoglobin electrophoresis is 
generally carried out only when there is a real suspicion 
of a hemoglobin abnormality, or in case of an unexplained 
anemia.

When determining an iron supply deficiency for the 
erythropoiesis, preference is frequently given to HYPO 
and CHr over ZPP, because ZPP analysis cannot yet be 
automated. Regardless, we prefer ZPP because it is the 
only parameter that detects directly, selectively and quan-
titatively an iron-deficient erythropoiesis and not only its 
consequences.

Hyperchromic-macrocytic anemia
The group of hyperchromic-macrocytic anemias com-
prises mainly the types of anemia that are caused by an 
impairment of cell division – primarily by an impairment 
of DNA synthesis. The most important clinical causes are 
vitamin B12 and folic acid deficiency [35–39].

Pathophysiological similar are anemias that are asso-
ciated with medications that affect the folic acid metabo-
lism as well as all those that impair DNA synthesis such 
as cytostatics or immunosuppressants. When it comes 
to minimal macrocytosis with only marginally increased 
MCV, one must also consider alcohol-induced anemia 
and, particularly, hyper-regenerative hemolytic anemia, 
because the reticulocytes are substantially larger than 
normal erythrocytes, which shifts the MCV up. Myelodys-
plastic syndromes (MDS) constitute an important differ-
ential diagnosis in geriatric patients. Macrocytic anemia, 
caused by impaired DNA synthesis and cell division, is 
also often observed in these cases. MDS is, however, rare 
in people younger than 50.

Vitamin B12 and folic acid

The clinically most important anemia in this group is 
caused by an impaired folic acid/B12 metabolism. Based 
on the characteristic bone marrow appearance with a pre-
dominance of conspicuous red cell precursors, known as 
megaloblasts, it has been given the generic name megalo-
blastic anemia. The DNA synthesis derangement in these 

cases is due to an impairment of thymidylate synthase, 
accompanied by a reduced conversion of deoxyuridine 
monophosphate to deoxythymidine monophosphate. This 
reaction requires folic acid, which in turn needs vitamin 
B12. Vitamin B12 demethylates the folic acid and, thus, 
renders it functional. The separated methyl group is trans-
ferred to homocysteine, which is converted to methionine 
as a result. A serum analysis for homocysteine, therefore, 
offers a simple way of checking this, highly complex, meta-
bolic pathway. Serum homocysteine is elevated (Figure 5) 
if there is a lack or any other impairment of vitamin B12 
and/or folic acid. However, with only borderline elevated 
levels, one must keep in mind that the increase in homo-
cysteine can also have other causes, primarily renal failure, 
alcohol abuse and, in particular, technical problems in 
processing the blood sample [40]. The diagnostically 
more reliable alternative in checking the entire vitamin 
B12 metabolism is believed to be the measurement of the 
plasma concentration of methylmalonic acid (MMA) – the 
MMA analysis is more sensitive and more specific than that 
of homocysteine. But it is also significantly more expensive 
and not available everywhere. It is therefore used in clini-
cal practice only in diagnostically problematic cases. As is 
true of homocysteine, the MMA concentration, too, can be 
false-elevated in renal insufficiency [40].

The preferred clinical practice is the serum analysis 
of the individual parameters vitamin B12 and folic acid, 
rather than doing a global check of the entire system. 
A cut-off of 200 ng/L has traditionally been applied to 
vitamin B12, upon several studies had shown that 60%–
80% of people with a level  < 200 ng/L suffer from a clini-
cally significant vitamin B12 deficiency [40]. However, 
higher levels do not rule out a clinically relevant vitamin 
B12 deficiency. This has to do with the fact that around 
80% of the vitamin circulating in the blood is bound to 
haptocorrin, in a biologically inactive complex. Only a 
small fraction that is bound to transcobalamin II, known 
as holo-transcobalamin (Holo-TC), is biologically active 
and capable of supplying cells with vitamin B12. Holo-TC 
tests are now commercially available, and are offered and 
recommended particularly at the early stage of vitamin 
B12 deficiency. This test also makes sense in the context 
of an unexplained hyperchromic-macrocytic anemia in 
order to check the vitamin B12 supply for erythropoiesis. 
The reference range for Holo-TC is 40–200 pmol/L. Lower 
values indicate a deficiency of bioactive vitamin B12 [41].

In the case of folic acid, one must note that the 
serum folic acid concentration only reflects the situation 
of the last one to two weeks and that it does not rule out 
anemia caused by folic acid deficiency. To do so, one must 
examine the erythrocytic folic acid, which allows for an 
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assessment of the last 2–3 months, according to the lifes-
pan of the red cells. Considering that the folic acid in the 
erythrocytes represents 95% of the total folic acid in the 
blood, it is clear that even a minimal hemolysis can distort 
the folic acid concentration significantly.

The morphological findings of the vitamin B12/folic 
acid deficiency in the bone marrow, with markedly ele-
vated, left-shifted, ineffective erythropoiesis, are reflected 
in the hemolysis parameters. LDH is considerably elevated 
and is mostly around 1000 U/L; bilirubin is slightly ele-
vated, at around 2 mg/dL. Deficiency of vitamin B12 and 
folic acid does, however, not only affect erythropoiesis, 
but the entire hematopoiesis. Thus, the picture of a severe 
vitamin B12 and/or folic acid deficiency may also include 
leukopenia with hypersegmented neutrophils and throm-
bocytopenia with levels that can fall below 50 × 109/L.

Given the rather complex metabolism (Figure 6), a 
vitamin B12 deficiency can have a wide range of causes. 
First of all, one must rule out pernicious anemia, an 
autoimmune disease with type A gastritis and antibod-
ies against the intrinsic factor and parietal cells. Gastric 
cancers are frequent with pernicious anemia, so that 

patients require regular gastroenterological monitoring. 
However, a vitamin B12 deficiency may also occur in other 
malabsorption disorders (atrophic gastritis, gastric resec-
tions, exocrine pancreatic insufficiency, bowel resections, 
vitamin-B12-consuming intestinal bacteria, fish tape-
worm, Crohn’s disease, coeliac disease, Zollinger-Ellison 
syndrome, calcium deficiency). Other causes include 
inadequate intake (vegans, alcoholics, goat’s milk), 
increased demand (pregnancy, hemolysis, neoplasias, 
hyperthyroidism), medications (colchicine, neomycin, 
metformin), inactivation by nitrous oxide, or congenital 
problems (intrinsic factor abnormalities, transcobalamin 
deficiency, Imerslund-Gräsbeck syndrome).

Apart from an insufficient supply, folic acid deficiency 
can be caused particularly by an increased demand (preg-
nancy, hemolysis, neoplasias, stress). Other causes include 
drugs (barbiturates, anticonvulsants, contraceptives, sul-
fasalazine) and in particular folic acid antagonists used 
for therapeutic purposes (methotrexate, pemetrexed, sul-
fonamides, trimethoprim, pyrimethamine, triamterene). 
Congenital causes (dihydrofolate reductase deficiency, 
formiminotransferase deficiency), however, are rare.

Methylmalonic acid

Homocysteine

Homocysteine

THF

CH3

CH3-THF

Methionine

Methylmalonyl CoA Succinyl-CoA
Ado

TCR

B12

Holo-HC

80%

Holo-TC

20%

Cell

Blood

Figure 5: About 80% of vitamin B12 in peripheral blood is bound to a glycoprotein from the group of transcobalamins, haptocorrin (formerly 
transcobalamin I).
This complex is referred to as holo-haptocorrin (Holo-HC) and is biologically inactive. Its task presumably consists of returning excess 
vitamin B12 to the liver. The supply for the cells is the sole responsibility of holo-transcobalamin II (Holo-TC), which carries only around 20% 
of vitamin B12 in peripheral blood. Holo-TC binds to a specific transcobalamin II receptor (TCR). This is then absorbed into the cell as part 
of a vesicle. After this bond is broken down, the TCR is recycled, the transcobalamin II is broken down lysosomally, and vitamin B12 is sup-
plied to the cell. The vitamin-B12-dependent reactions are impaired in the case of an intracellular lack of functional vitamin B12. From the 
diagnostic point of view, the impaired breakdown of homocysteine and methylmalonyl-CoA is significant, because one can analyze these 
parameters in peripheral blood to check the functionality of the entire vitamin B12 metabolism.
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Myelodysplastic syndromes

Myelodysplastic syndromes (MDS) represent a heteroge-
neous group of diseases that are predominantly diagnosed 
in the elderly [42]. The peak incidence is between 70 and 
80 years of age; before 50 years of age, MDS is rare. The 
common feature of MDS is an ineffective hematopoiesis, 
which affects one or more cell lines. The bone marrow is 
usually normocellular, or even hypercellular, while cyto-
penias are found in peripheral blood. The clinical picture 
depends on the affected cell line and on the degree of 
cytopenia. The full picture of MDS is characterized by a 
pronounced pancytopenia with transfusion-dependency, 
susceptibility to infection and bleeding. In 20%–30% of 
cases, a transformation to acute myeloid leukemia occurs.

Most MDS patients present with a more or less severe 
anemia, which is typically normochromic and normocytic 
or macrocytic. The number of reticulocytes may be normal 
or reduced. This also applies to sTfR, where serum con-
centration is typically normal, or even decreased, in spite 
of the increased erythropoiesis due to the poor maturation 
of the red cells. A particular MDS entity is the so-called 

5q– syndrome, which is cytogenetically characterized by 
a deletion of the short arm on chromosome 5. The disease 
affects mainly older women and is characterized by a 
mostly isolated, macrocytic anemia.

Practical consequences

In the presence of hyperchromic-macrocytic anemia, 
vitamin B12 and folic acid deficiency must initially be 
excluded. The laboratory panel used should include at 
least reticulocytes, LDH, bilirubin, vitamin B12 serum 
level and erythrocytic folic acid. To also identify more 
complex disorders, we recommend serum homocysteine 
to be added to the battery of laboratory tests. In the case 
of a vitamin B12 deficiency, it is necessary to confirm or 
rule out a pernicious anemia (gastroscopy, antibodies). 
If the cause of a macrocytic anemia remains unclear and 
also not be explained on the basis of a patient’s history 
regarding eating habits, comorbidities and medication, 
the patient should be referred to a hematologist in light of 
the required substantial diagnostic effort.

Pepsin

80%

--

20%

Cleavage

IF receptors

Transcobalamin II

Haptocorrin

Intrinsic factor (IF)

Protein

Vitamin B12

Ca2+

pH>5,4

Vitamin B12
metabolism

Pancreatic enzymes

Figure 6: Scheme of the vitamin B12 metabolism.
The dietary supply of vitamin B12 is through animal source foods, broken down in the stomach (if digestion works properly) and bound to 
haptocorrin. In the duodenum, this compound is cleaved by pancreatic enzymes and vitamin B12 is transferred to the intrinsic factor, under 
the protection of which it reaches the terminal ileum. Here, at a pH  > 5.4 and in the presence of Ca2+, it binds to intrinsic factor receptors 
and is absorbed. The absorbed vitamin B12 is first taken up by transcobalamin II. Most of the vitamin, however, is transferred in the liver 
to haptocorrin and secreted via the bile into the duodenum, creating an enterohepatic circulation. Thanks to the enterohepatic circulation, 
the human organism is able to compensate a complete lack of vitamin B12 intake for 3–6 years, although the physiological body stores of 
vitamin B12 are only 2–5 mg.
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Macrocytic anemia in people aged 50 or older war-
rants special attention. If the blood count in this patients 
group can neither be explained by a vitamin B12 and/or 
folic acid deficiency, nor normalized by way of substitu-
tion, one should first (and foremost) assume MDS. Here, 
too, the patient should be referred to a hematologist, 
because even a suspected diagnosis already warrants a 
timely bone marrow biopsy, including cytology, histology, 
flow cytometry, cytogenetics and molecular testing.

Normochromic-normocytic anemia
In contrast to hypochromic-microcytic and hyperchromic-
macrocytic anemias, which are usually relatively easy to 
clarify, normochromic-normocytic anemias frequently 
pose a real diagnostic challenge to the clinician. On the one 
hand, this has to do with the fact that this group comprises 
most types of anemia. On the other hand, anemias often 
have more than one cause. In fact, they are multfactorial 
in about 30% of cases [9]. If several components co-exist, 
they can mask classical types of anemia, so that also iron 
deficiency, or vitamin B12 and/or folic acid deficiency can 
give rise to a normochromic-normocytic anemia.

There is one diagnostically important question that 
should be answered right at the start of doing a work-up 
on this anemia group: Is the anemia hyper- or hypo-
regenerative? Traditionally, this question is answered 
by the measurement of the reticulocytes. Hyper-regen-
erative anemias are characterized by a reticulocyte 
count  > 100/μL, the counts are lower in hypo-regenerative 
types. A hyper-regenerative anemia may be caused by 
an elevated erythropoiesis during or following therapy 
(chemotherapy, erythropoietin substitution, vitamin B12 
or iron substitution), but also by a subacute hemorrhage 
or hemolysis. A subacute hemorrhage requires immedi-
ate referral and consideration by internal and particularly 
gastroenterological specialists.

The suspected diagnosis of hemolysis is substan-
tiated by an increase in LDH and indirect bilirubin, as 
well as by a reduction in haptoglobin. In the presence of 
hemolysis, one should first look at the patient’s history 
and find out whether a congenital disorder of the red 
blood cells (disorder of hemoglobin synthesis, enzyme 
defect, defective membrane) could be the underlying 
cause (Figure 7). The assessment of the peripheral blood 
smear is then followed by hemoglobin electrophoresis in 
these cases, as well as by measurement of the erythrocyte 
enzymes (G6PDH, pyruvate kinase), analysis of osmotic 
fragility and the EMA test (spherocytosis). Given the costs 

of these specialized tests, they are usually ordered by a 
hematologist.

If congenital anemia is unlikely, the next step should 
be about ruling out fragmentocytes and, thus, a micro-
angiopathic anemia in connection with thrombotic 
thrombocytopenic purpura (TTP) or a hemolytic uremic 
syndrome (HUS), because it constitutes a therapeutic 
emergency that must be treated immediately by plasma-
pheresis [43, 44]. This diagnosis should be considered first 
and foremost when the patient is young and has thrombo-
cytopenia. If microangiopathic anemia is suspected, it is 
recommended to measure the activity of metalloprotease 
ADAMTS13 before starting the treatment [45].

Exclusion of microangiopathic anemia is followed 
by the Coombs test to verify an immunohemolysis [46]. 
In this context, one should keep in mind that five to ten 
percent of immunohemolytic anemias are Coombs test 
negative [47]. This can be the result of a range of causes. 
Generally, though, this is due to the fact that the autoanti-
bodies in these cases are more effective than the Coombs 
serum used in the test, which reacts only once there is a 
load of 500 IgG molecules per erythrocyte. IgG3 and IgA 
autoantibodies, in particular, cause hemolysis at sig-
nificantly lower loads. Even low-affinity IgG can trigger 
hemolysis by complement activation, which is not 
detected by a conventional Coombs test.

Before considering rare causes of hemolysis, such 
as mechanical hemolysis (march hemolysis, heart 
valve), hemolysis in connection with infectious diseases 
(malaria, gas gangrene) or due to toxic exposure (chemi-
cals, drugs, animal poisons), one should first order a flow 
cytometry analysis (FACS) of peripheral blood to rule out 
a monoclonal lymphoid population and, thus, an under-
lying hematological neoplasia. The diagnosis of the only 
acquired corpuscular hemolytic anemia, the paroxysmal 
nocturnal hemoglobinuria (PNH), which is characterized 
by sudden-onset hemolysis with dark morning urine, as 
well as by thrombophilia, has meanwhile also become a 
domain of FACS. The low expression of the glycosylphos-
phatidylinositol (GPI)-anchored surface molecules CD55 
and CD59 can be established not only on the erythrocytes, 
but also on neutrophils and on monocytes, which allows 
an unequivocal diagnosis even after a hemolytic episode, 
when the erythrocytic PNH clone has largely disappeared 
[48, 49].

After excluding a hyper-regenerative anemia, the 
entire range of hypo-regenerative types remains as dif-
ferential diagnosis. The most common ones are combined 
anemias, recent ACD, myelosuppression and especially 
the renal anemia. In order to clarify these cases, the meas-
urement of sTfR proved itself valuable, particularly when 
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performed in tandem with its natural diagnostic partner, 
ZPP [50]. The sTfR concentration depends on the iron 
metabolism, as well as on the quantity and quality of the 
erythropoiesis. Elevated sTfR is measured not only in iron 
deficiency, but also when the erythropoiesis is increased. 
A tandem analysis of sTfR and ZPP thus provides valu-
able information, especially if the erythropoietin level 
is measured at the same time. This way, it is possible to 
confirm or rule out an iron-deficient erythropoiesis, while 
also diagnosing ACD, which typically starts as a normo-
chromic-normocytic anemia before turning into the hypo-
chrom-microcytic form as the disease progresses.

Normal ZPP values exclude any relevant problem 
of the iron metabolism. In these cases, the quantity and 
quality of erythropoiesis can be derived directly from 
the sTfR concentration (Table 3). A hyper-regenerative 
anemia in hemolysis is associated with elevated sTfR. 
Elevated levels are also observed with megaloblastic 
anemias, which are associated with an increased, rela-
tively well maturing erythropoiesis. MDS, by contrast, 
exhibit normal or reduced sTfR concentrations, despite 

Table 3: Clarification of anemias based on ZPP and sTfR [50]. 
IDE, iron-deficient erythropoiesis; EP, erythropoiesis; ACD, anemia 
of chronic disease.

ZPP   sTfR   Diagnosis

normal   normal   no IDE, EP normal
↑   ↑   Iron deficiency
↑   normal   ACD
normal   ↑   no IDE, EP elevated
normal   ↓   no IDE, EP reduced

the elevated erythropoiesis, because the erythropoiesis 
matures poorly, and because the immature red cell precur-
sors carry substantially fewer transferrin receptors than 
the more mature erythroblasts. Hypoplasia and aplasia 
of erythropoiesis can be recognized by a significantly 
decreased sTfR. This relates to therapeutically induced 
myelosuppression following chemotherapy, but also to 
the pure red cell aplasia (PRCA), which is characterized by 
virtually absent sTfR coupled with extremely high erythro-
poietin levels (Table 4).

Congenital?

Membrane defect?

Acquired?

Blood smear, osmotic fragility,
EMA test, SDS-PAGE

Metabolic defect?

Hemoglobin defect?

Blood smear, Heinz bodies,
Erythrocyte enzymes

Blood smear, HPLC,
Hb electrophoresis

Fragmentocytes?

TTP, HUS
Heart valve

MarchCoombs test?

CD55/CD59?

+_

Immunohemolysis

+_

PNH

+

_

Toxic? Infectious? Drugs?

_

cave:  5%–10% of AIHA are Coombs-negative!

Hemolytic anemia

Age? Onset? Family?

Figure 7: Work-up of hemolytic anemia.
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Renal anemia deserves special mention, given its 
high clinical significance especially in the elderly. Renal 
anemia has, in fact, been described in several studies as 
the most frequent form of anemia in geriatric patients [9]. 
The loss of functional renal tissue in elderly impairs the 
kidney’s excretory function as well as the production of 
erythropoietin. When assessing on the basis of creatinine 
alone, the renal function of the elderly tends to be rated 
too positive, often resulting in a failure to recognize the 
renal component of the anemia. Creatinine and eryth-
ropoietin levels within the normal range do not rule out 
renal anemia. The creatinine is often normal as a result 
of reduced muscle mass, so that the assessment of the 
renal function should be based on a creatinine clearance 
instead. A Cockroft clearance is sufficient. Renal anemia 
can already occur at a creatinine clearance of 50 mL/min; 
at levels  < 30 mL/min, it is virtually a certainty [51, 52]. In 
line with the decreased erythropoiesis, the sTfR levels are 
in the lower reference range in the case of renal anemia. 
The erythropoietin level is normal or slightly elevated, but 
the increase is inadequate with respect to the hemoglobin 
concentration (Table 4).

Myelosuppression in patients after chemotherapy, 
or patients with bone marrow infiltration by a hemato-
logical neoplasia or carcinoma, is also very frequently 
associated with an anemia that generally is normochro-
mic-normocytic. It is said to be the second most common 
presentation of anemia in general practice [9]. In this 
context, it makes sense to check first whether nucleated 
red cells (erythroblasts) and neutrophil precursors are 
released into the blood-stream. The presence of a leu-
koerythroblastic anemia is suggestive of a severe bone 
marrow damage. It is most commonly seen in association 
with marrow fibrosis and malignant infiltration of bone 
marrow, especially in patients with carcinomas of the 
breast, prostate gland and lung. In addition to the differ-
ential blood count, a FACS analysis of peripheral blood 
is required in unexplained cases in order to detect any 
monoclonal lymphoid population.

Practical consequences

In view of the wide array of differential diagnoses of a 
normochromic-normocytic anemia, it is best not to be too 
ambitious by trying to cover all possible causes with the 
first blood sample. It makes more sense to proceed step by 
step in the clarification and initially cover only the most 
important causes diagnostically. The first laboratory panel 
should include reticulocytes, LDH, serum creatinine, cre-
atinine clearance, ferritin, transferrin saturation, bilirubin, 

ALAT and CRP. The analysis of sTfR, ZPP and erythropoi-
etin will undoubtly facilitate the clarification. The further 
diagnostic procedure depends on the results obtained with 
the initial screening. One should not be too disappointed 
if the initial findings do not yield a clear result. After all, 
normochromic-normocytic anemias are very often not 
monocausal, but multifactorial, especially when it comes 
to older multimorbid patients. In such cases, it is not criti-
cal to identify all of the components that have contributed 
to the anemia. Instead, one should focus on isolating the 
principal cause. In addition, it is necessary to confirm or 
rule out all those components that can be easily treated, 
such as substrate or erythropoietin deficiency.

Some consider the microscopic examination of periph-
eral blood film an anachronism. In our view, it is the basis 
of every work-up of anemia that has not been clarified 
through a laboratory’s routine panel of tests. With regards 
to the immunohemolytic anemia, one should be aware 
that it frequently occurs in the context of a hematologic 
neoplasia. Arguably, these cases benefit from a referral 
to a hematologist. This also applies to other unexplained 
anemias, because in case of doubt, a bone marrow biopsy 
must be done to assess the hematopoiesis accurately and 
to reliably rule out an underlying hematological disorder.
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