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for Appropriate Classification of Microcytic Anaemia
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Haemocytometric parameters such as MCV, erythrocyte and reticulocyte counts, RDW-SD, and ZPP/Hb ratio are considered to be
valuable for discriminating between iron deficiency anaemia and thalassaemia syndromes in subjects with microcytosis. ZPP/Hb ratio
values are obviously increased in patients with iron deficiency and, to a lesser degree, in some subjects with α - or ß-thalassaemia trait.
With regard to screening for detection of thalassaemia syndromes or iron deficiency MCV is recommended as an initial test. Subsequent
application of the discriminant formula 2 × RDW (fL) - 5 × RBC(×1012/L) - 250 × reticulocytes (×1012/L) + 30 × ZPP/Hb ratio
(µmol/mol Hb) yields appropriate classification in 90% of subjects with iron deficiency, α-thalassaemia or ß-thalassaemia. 
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INTRODUCTION
Particularly in children, young women and elderly people
iron deficiency is a frequent cause of anaemia.  Iron defi-
ciency in children is mostly due to an unbalanced diet
with respect to nutrients which contain insufficient
amounts of iron.  In adults, chronic loss of blood may be
a causal factor for iron deficiency.  Iron supplementation
and insufficient availability of iron for heme synthesis in
a hospital patients population may be complicated by
pathophysiological abnormalities which are likely to be
present simultaneously1-4).  Evaluation of serum iron con-
centration in combination with transferrin concentration
is indicated for clinical evaluation of the iron state.
Clinical interpretation is rather complicated in case of
anaemia of chronic disease or anaemia due to acute blood
loss.
During erythropoiesis zinc protoporphyrin (ZPP) may
accumulate as a result of reduced availability of iron for
heme synthesis.  A result of ZPP/Hb ratio within healthy
reference limits is indicative of sufficient availability of
iron in bone marrow for heme synthesis5,6).
Haemocytometric parameters like erythrocyte count,
haemoglobin concentration, MCV and reticulocyte count
contribute to the differential diagnosis of microcytic
anaemia.
In the case of microcytic anaemia additional evaluation
of the red cell distribution width based on the standard
deviation (RDW-SD), the reticulocyte count and the
ZPP/Hb ratio is performed.  Increased ZPP/Hb levels are
indicative of iron deficiency but slightly elevated results
are also demonstrated in some subjects with ß-thalas-
saemia trait and α-thalassaemia trait.
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This study demonstrates the efficacy of haemocytometric
parameters and the ZPP/Hb ratio to discriminate
between patients with α-thalassaemia trait, ß-thalas-
saemia trait, iron deficiency and apparently healthy sub-
jects.

PATIENTS AND METHODS
Blood specimens were drawn into Vacutainer tubes, with
K3EDTA as anticoagulant (Becton Dickinson, Franklin
Lakes, NJ, USA).
Haemocytometric investigations, including RDW-SD and
reticulocyte counts, were determined by the Sysmex XE-
2100 automated haematology analyzer (Sysmex
Corporation, Kobe, Japan).
Measurement of ZPP/Hb ratio was performed on a dedi-
cated haematofluorometer (AVIV Biomedical Inc.,
Lakewood NJ 08107, USA) by front surface illumination
fluorometry7).  The result of the ZPP/Hb ratio is
expressed as µmol ZPP per mol Hb.
Haemoglobin electrophoresis was performed in order to
diagnose subjects with ß-thalassaemia trait (Sanquin,
Amsterdam, The Netherlands).  Increased HbA2 content
(> 3.0 %) was considered to confirm ß-thalassaemia trait.
If an abnormal haemoglobin variant was observed in the
pattern of haemoglobin fractions and in case of an
increased foetal haemoglobin fraction (HbF) in the elec-
tropherogram (> 1.5 %), the sample was excluded from
the study.
Detection of α-thalassaemia trait was performed by
application of DNA technology (CLB, Amsterdam, The
Netherlands).  Samples lacking the α-thalassaemia gene
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at one or more α-chains of the haemoglobin molecule
were classified as α-thalassaemia trait.  Samples with the
α,α/α,α-gene type were considered to be normal.
Determination of the serum iron concentration was per-
formed by the Vitros 950 IRC Analyzer (Ortho-Clinical
Diagnostics Raritan NJ, USA).  Serum transferrin con-
centrations were measured with the BN-II nephelometer
(Dade Behring, Dearfield, IL, USA).
The study design comprises 4 groups:
1. Apparently healthy subjects (Ref)

The reference subjects group consists of 70 caucasian
male and female blood donors.

2. Iron deficiency anaemia subjects (IDA)
The iron deficient group consisted of 47 male and
female patients, with MCV values = 80fL, iron con-
centrations < 8µmol/L combined with transferrin con-
centrations > 4mg/L.

3. Subjects with α-thalassaemia trait (α)
The α-thalassaemia trait group consisted of 54 male
− 79
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and female patients.  Abnormal DNA-analyses at the
α-chain of haemoglobin were considered to be confir-
matory for α-thalassaemia trait.

4. Subjects with ß-thalassaemia trait (ß)
The ß-thalassaemia trait group consisted of 78 male
and female patients.  An increased HbA2 content was
considered to be confirmatory for ß-thalassaemia trait.

Statistical analysis and algorithm 
for discrimination

For statistical evaluation the software package SPSS/PC,
version 10.0 for Windows, was used.  
In order to discriminate efficiently between subjects with
microcytic erythrocytes, an algorithm is established from
parameters which classify activity of erythropoiesis.  An
appropriate weight factor for each parameter is added by
application of discriminant analysis.
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RESULTS
Results of single haemocytometric parameters are plotted
in Fig. 1.  On the basis of MCV results patients with
microcytic erythropoiesis are discriminated from the ref-
erence subjects group.  Despite statistically significant
deviations between subject groups with α-thalassaemia,
ß-thalassaemia and iron deficiency (p < 0.0001), respec-
tively, discrimination based on the separate results for
MCV, RBC, RDW-SD, ZPP/Hb ratio and reticulocyte
count cannot be unequivocally performed because of
rather low sensitivity and specificity indices for separate
single parameters (Table 1).  With application of the
ZPP/Hb ratio the iron deficiency group can be distin-
guished from the reference subjects group and the α- and
ß-thalassaemia patients groups (p < 0.001).  Subjects
− 80
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with ß-thalassaemia trait can be discriminated from iron
deficiency and in most cases from α-thalassaemia by
using the MCV/RBC ratio and RDW-SD results (Fig. 1).
Sensitivity and specificity for these parameters cover a
wide range (Table 1).  In view of the low sensitivity sin-
gle haemocytometric parameters are not thought to be
satisfactory for discriminating between the several
patient groups (Table 1).
In Fig. 2, the results are demonstrated after combination
of several haemocytometric parameters in a discriminant
function 2 × RDW (fL) - 5 × RBC (×1012/L) - 250 × retic-
ulocytes (×1012/L) + 30 × ZPP/Hb ratio (µmol/mol Hb).
By application of this algorithm patients with thalas-
saemia are successfully discriminated from patients with
iron deficiency (p < 0.001).  Subsequent discrimination
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α-thalassaemia trait
β-thalassaemia trait
Iron deficiency
Normal subjects

95% confidence interval

32 - 66
20 - 50
54 - 94
38 - 76
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86%
97%
43%

-

Specificity

94%
99%
88%

-

Table 2 Use of the discriminant function (2 × RDW-5 × RBC-250 × reticulocytes+30 × ZPP/Hb ratio)
for 3 subject groups and a reference subjects group.
between α-thalassaemia trait and ß-thalassaemia trait is
performed appropriately (p < 0.001).  If compared with
the reference subjects group, sensitivity and specificity
indices were calculated as 86% and 94%, respectively,
for subjects with α-thalassaemia trait, and 97% and 99%
for ß-thalassaemia trait (Table 2).  In Table 2 the ranges
(95% confidence interval) for results of the discriminant
function are shown for each patient group and the refer-
ence subjects group.

DISCUSSION
Discrimination between an iron deficient state and
haemoglobin disorders is often requested for subjects
with microcytic anaemia, particularly for people originat-
ing from the Mediterranean area or South East Asia.  The
diagnosis of microcytic anaemia is initially based on a
decreased MCV value.  Mild erythrocytosis and a marked
degree of microcytosis are characteristic features for het-
erozygous ß-thalassaemia and α-thalassaemia with geno-
type -,-/αα or -α/-α.  
Results within the reference interval for apparently
healthy subjects or only slightly decreased MCV values
are characteristic of α -thalassaemia with genotype 
-α/αα.  In cases of iron deficiency RBC count and MCV
value are more or less decreased, depending on whether
the anaemia is of acute or chronic origin8).
Already for many years, the use of red cell indices has
been recommended to discriminate subjects with iron defi-
ciency from subjects with a thalassaemia syndrome 9-11).
However, application of the Mentzer formula
(MCV/RBC), the Shine & Lal formula (MCV2 ×
MCH/1000) and the England & Fraser formula (MCV-5
× Hb-RBC) resulted in only about 30-40 % of subjects
being appropriately classified.  
Application of the erythrocyte protoporphyrin content was
published already many years ago in order to discriminate
appropriately subjects with iron deficiency from subjects
with thalassaemia in case of microcytic anaemia12,13).
Later, ZPP/Hb ratio was recommended for the classifica-
tion of microcytic erythrocyte disorders 2,5,6,8,14,15).
Results of investigations concerning screening proce-
dures for ß-thalassaemia based on RBC indices originat-
ing from a mixed population of subjects with ß-thalas-
saemia, subjects with iron deficiency and apparently
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healthy subjects are described by Akai16).  When the com-
bined criteria of MCV = 80fL and RDW-SD = 32fL were
evaluated in order to detect ß-thalassaemia, sensitivity
and specificity amounted to 88% and 93%, respectively.
However, in a population which also concerned patients
with α-thalassaemia sensitivity of 64% and specificity of
84% were achieved with identical cut off values for
MCV and RDW-SD17).  
The reticulocyte count is used as a parameter to follow
therapy in patients with iron deficiency and with the
anaemia of chronic disease.  Increase of reticulocyte
counts is frequently observed after effective oral iron
therapy.  Use of the reticulocyte count for screening for
thalassaemia is not yet common.
Multivariant discriminant analysis concerning MCH,
RBC, MCV and RDW, is useful for the diagnosis of α-
or ß-thalassaemia and iron deficiency18).  Sensitivity for
screening subjects for α-thalassaemia was 70%, for ß-
thalassaemia 72% and IDA 92% in patients with micro-
cytic anaemia.
As discrimination of thalassaemia trait from IDA has
important clinical implications a reliable diagnosis is
important to reduce unnecessary testing and inappropri-
ate treatment.
In case of microcytic erythrocytes (MCV = 80fL) iron
deficiency can be differentiated from apparently healthy
subjects and subjects with thalassaemia with application
of the ZPP/Hb ratio.  As a result of our study a discrimi-
nant function is recommended using the haematological
parameters RDW-SD, RBC, ZPP/Hb ratio and reticulo-
cyte count.  Using the discriminant function 2 × RDW - 5
× RBC - 250 × reticulocytes + 30 × ZPP/Hb ratio it is
possible to discriminate between α-thalassaemia and ß-
thalassaemia trait and to separate thalassaemia from iron
deficiency with a rather high level of accuracy.
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