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Heterozygous f-thalassaemia cannot be dif-
ferentiated from iron-deficiency anaemia, except by
extensive haematological tests. Textbooks of hae-
matology (Harris, 1963; Lehmann and Huntsman,
1966; Wintrobe, 1967) and detailed reviews (WHO,
1967) point out that serum iron is a useful index in
differentiating between the two conditions since it is
high or normal in the thalassaemia trait and marked-
ly low in iron-deficiency anaemia. Of course this
does not apply to individuals in whom both con-
ditions coexist. The frequency of coexisting iron
deficiency and the thalassaemia trait is expected to
be similar to that of iron deficiency in the general
population; this is supported by recent reports in-
dicating that iron metabolism is not disturbed in
the thalassaemia trait (Crosby and Conrad, 1964).

In Greece, extensive studies have established the
high incidence and the geographical distribution of
the f-thalassaemia trait (Malamos, Fessas, and
Stamatoyannopoulos, 1962; Barnicot et al, 1962/63;
Fraser et al, 1964; Stamatoyannopoulos and
Fessas, 1964). On the other hand, though iron
depletion exists, it has not been thoroughly in-
vestigated. Since both the thalassaemia trait and
iron deficiency are commonly encountered in
Greece, the present study was undertaken in order
to obtain information on two points.

(1) the serum and unsaturated serum iron-
binding capacity levels in normal individuals and in
heterozygotes for the ,B-thalassaemia and (2) the
relation of serum iron levels to that of haemoglobins
A2 and F.

Patients
The following groups were studied: (1) One hundred
Received 21 June 1971.
* This work was partly supported by grant 743 from the National

Research Foundation and Abbott Laboratories.

and fourteen genetically proven heterozygotes for g-
thalassaemia who were the parents of patients with
homozygous f-thalassaemia. There were 48 males and
66 females. By this selection individuals carrying the
abnormal ,B-thalassaemia gene were assured.

(2) Fifty controls, who were all parents (25 males and
25 females) of children with acute diseases. They were
comparable to heterozygotes for age, and in the case of
the mothers, for number of deliveries. Their age
ranged from 20-40 years.

(3) Twelve children with iron-deficiency anaemia.
None of these people had received iron medication

during the last three months preceding investigation.
All were subjected to a complete haematological in-
vestigation for both the thalassaemia trait and iron
depletion. The haematological findings on which the
diagnosis of ,B-thalassaemia was based were red cell
abnormalities, low MCV (<70,t3) and MCH (<26 pg
per red cell), decreased osmotic fragility, and increased
haemoglobin A2 (>3-8%), with or without elevation of
haemoglobin F. Few heterozygotes had normal
haemoglobin A2 and increased haemoglobin F. Iron
depletion was considered to be present when serum iron
was below 70 Htg% and transferrin saturation below 20°O.

Methods
Standard methods were used for visual red cell count-

ing, erythrocyte morphology, microhaematocrit, and
haemoglobin (as cyanmethaemoglobin) determinations.
Mean corpuscular haemoglobm levels (MCH) and mean
corpuscular volumes (MCV) were also calculated (Dacie
and Lewis, 1963).
As a screening procedure, osmotic fragility was tested

using one tube containing 4 ml of 0-36% buffered NaCl.
Normally more than 80% of red cells are haemolysed.
Reticulocytes were counted on dry smears after 2 hours'
incubation at 370 C in brilliant cresyl blue. This
method allowed detection ofred cell with haemoglobin H
inclusions. Alkali-resistant haemoglobin was measured
by the method of Singer, Chernoff, and Singer (1951).
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Haemoglobin electrophoresis was done on starch gel in
TRIS-EDTA borate buffer atpH 86, for 12-14 hours, in
a refrigerating chamber. Starch was examined visually
for increase of haemoglobins A2 and F, and for the pre-
sence of other abnormal haemoglobins.

Quantitation of haemoglobin A2 was performed after
electrophoresis on cellulose acetate in TRIS-EDTA
borate buffer at pH 8-9, for 90 minutes at 280 volts at
room temperature by elution of the different fractions
and spectrophotometric estimation (Marengo-Rowe,
1965). This method proved most successful. The
standard error calculated in double specimens was
+ 0-130o.
Serum iron (SI) and unsaturated iron-binding capa-

city (USIBC) were determined according to the method
of Petters et al (1956).

Results
SI and USIBC Levels. Figure 1 shows the

individual values of SI and USIBC in 114 hetero-
zygotes and 50 normal controls. A wide variation
of both parameters was found. A good percentage
had iron depletion.

Variation of SI and USIBC in normal and hetero-
zygote males and females can be more clearly seen in
Fig. 2, where the percentage distribution curves and
the means and standard devision of both para-
meters are presented.
No great differences were seen in the distribu-

tion curves or the means and standard deviation of
SI and USIBC between either normal and hetero-
zygote males or normal and heterozygotes females;
of course, differences existed between the sexes.
Furthermore, the distribution curves indicate that
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FIG. 1. Levels of serum iron and unsaturated serum iron-binding
capacity in 114 heterozygotes for 9-thalassaemia and 50 normal
controls.
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FIG. 2. Percentage distribution (mean ± SD) of SI and USIBC
in normal and heterozygote males and females.

with the exception of normal males, in each of the
other 3 groups, the ranges in SI and USIBC levels
were wide and a good percentage of individuals had
low levels of SI. Iron depletion was found in 14
(29-1 %) of the male heterozygotes, in 8 (32%) of the
normal females and in 31 (46 6%) of the female
heterozygotes.

Iron Depletion and Haemoglobin Levels.
The influence of iron depletion on haemoglobin
synthesis was studied by comparing haemoglobin
levels in individuals with normal levels of serum iron
with those with serum iron depletion. The dis-
distribution curve, mean and standard deviation of
haemoglobin in each group are shown in Figure 3.
Haemoglobin levels in male and female hetero-

zygotes were lower than in normal controls.
Heterozygotes with iron depletion had lower levels
of haemoglobin than heterozygotes with normal
serum iron. The mean haemoglobin levels in male
heterozygotes with normal SI levels was 12-94 +
1-2 g/100 ml and 11-51 ±2-1 g/100 ml in those with
low SI (p < 0-01). The respective values in female
heterozygotes were 11-37 + 1-2 g/100 ml with

155

rp. ,L 0_

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.9.2.154 on 1 June 1972. D
ow

nloaded from
 

http://jmg.bmj.com/


Kattamis, Lagos, Metaxotou-Mavromati, and Matsaniotis

o=normal SI Hb (9/lOOml)
o=Iow SI mean I±S DI p |

9
8-
7-
6-
5-
4-
3-
2-
-

O _

4 -

3 -I
2-

_

HE TEROZYGOTES
(females)

CONTROLS
(females)

FTo12801F1i0<0-051
C)

7 8 9 K0 11 12 13 14 15 lb 17
Hb (q/K)Oml)

FIG. 3. Distribution of haemoglobin, in controls and heterozygotes
with and without iron depletion.

normal SI and 10-2 + 0-91 g/100 ml in those with low
SI levels (p < 0-05).
Very low haemoglobin was found in few hetero-

zygotes with severe iron depletion ie, with serum
iron below 30 jug% and a saturation of less than 10%.

Relationship of SI Deficiency to the Levels of
of Hb F and Hb A2. The possible effect of iron
depletion on the production of haemoglobin A2 and
F was investigated by comparing the levels of these
haemoglobins between individuals with normal and
low SI levels both in controls and in heterozygotes
with ,B-thalassaemia, as well as by the variations
observed in patients with iron-deficiency anaemia
after iron administration.

Heterozygous ,B-thalassaemia is heterogeneous; it
includes 4 distinct types, the distinction being based
mainly on the levels of haemoglobins A2 and F
(Malamos et al, 1962; Fessas, 1966).
Table I, shows the criteria as well as the inci-

dence of each type of heterozygous /3-thalassaemia
in 106 parents of patients with homozygous /B-
thalassaemia. The majority of heterozygotes
(76-4%) belonged to type I, which is characterized
by increased haemoglobin A2 (> 3-8%), and normal
or slightly increased haemoglobin F ( < 5 %O). Only
a small percentage of the parents studied belonged
to the remaining 3 types. In order to secure a
homogeneous group of individuals with the /B-
thalassaemia trait to allow comparison of the pos-
sible effect of iron depletion on the production of
haemoglobins A2 and F, we studied mainly hetero-
zygotes with type I thalassaemia namely, all those
with increased (>38%) or border line levels (3 5-
3-8%) of haemoglobin A2.

Variations of haemoglobins F and A2 in hetero-
zygotes with type I, /3-thalassaemia and controls are
shown in Figure 4. No differences in haemo-
globin F levels were found between individuals with
normal and those with low serum iron either in the
control group or in the group of heterozygotes. On
the contrary, the haemoglobin A2 levels were in-
fluenced by the presence of iron depletion. In nor-
mal individuals with low serum iron (SI), the mean
Hb A2 level was 1V7%±0-95% and in those with

BLE I
IRON DEFICIENCY, TYPES, AND INCIDENCE OF 9-THALASSAEMIA TRAIT, IN 106 PARENTS OF PATIENTS

WITH HOMOZYGOUS 3-THALASSAEMIA
Classification according to Fessas (1966) slightly modified

} Main Criteria of each Type Incidence of Parents of Patients withMain CieioHomozygous 3-thalassaemia
Type of 1-thalassaemia Trait

RedpCell HboA2 Hb Serum Iron Serum Iron
I Classical trait; high A2 Abnormal Raised (>380,) Normal or raised 81(76-4) 50 31

variant 0
(1-50,)

1)3

II 68-thalassaemia
a. High F variant Abnormal Normal Greatly raised 4(3 8°0) 2 2
b. Low F variant Abnormal Normal Normal 12(11-3 °,) 6 6

III High F-high A2 variant Abnormal Raised (> 3-8%') Greatly raised 9(8-5 0) 6 3
(6.20°o)

Total 106 64 42
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normal SI it was 2-6 ± 067 (p < 0 01). The same
was true with heterozygotes; those with low SI had
lower Hb A2 levels (4 60 ± 06%) than those with
normal SI (5.6+0.96%)
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FIG. 4. Levels of haemoglobins A2 and F,t n normals and hetero-

zygotes with and without iron deficiency.

The effect of iron supplementation on the levels of
haemoglobins F and A2 was studied in 7 of the 12
children with iron-deficiency anaemia. Serial
haematological exaninations were made during
treatment and the results are summarized in Table
II. They illustrate how low Hb A2 levels of iron-
deficient children gradually rose to normal after
iron administration. The increase in Hb A2
ranged from 0-5-2% of total haemoglobin.

Table I shows that Hb A2 levels were within
normal range in types IIa, and IIb (fl8-thalassaemia).
In type IIb, Hb F is also normal and the diagnosis of
thalassaemia can be made only by pedigree studies.
Of 12 heterozygotes in this group, 6 were also iron
deficient. As iron depletion lowers the level of
haemoglobin A2, it could be argued that the normal
haemoglobin A2 levels at least in the 6 heterozygotes,
may have resulted from coexisting iron deficiency,
which must be corrected before the /-thalassaemia
trait can be diagnosed with certainty.

Discussion
In the extensive population studies, on the thalas-

saemia trait in Greece serum iron has only occa-
sionally been estimated (Malamos et al, 1962). In
the present study an attempt has been made to
determine the incidence of iron deficiency in a
selected group of adults who had a very small
chance of developing a negative iron balance.

TABLE II
HAEMATOLOGICAL CHANGES IN 7 PATIENTS WITH IRON DEFICIENCY DURING

TREATMENT WITH IRON

Case No. Daysaftenrt Haemoglobin (g/l1000 ml)i Haematocrit () Reticulocytes (%) Hb A2 (%)

1 0 7 0 25 1-8 1-2
6 7-8 29 8-0 1-5
12 8-5 33 3 0 2-3

2 0 8-0 29 11 1-4
6 8-5 31 7-0 1-8
12 9-8 35 4-0 2-0

3 0 6-0 18 19 1-6
6 7 0 25 8-0 1-80
12 91 35 40 2-20

4 0 7-3 28 1-5 1-7
6 7-8 29 6-0 2-0
12 99 36 30 2-6

5 i 0 7-3 28 1-8 1 9
6 8-0 29 8-0 2-75
12 10-0 33 4 0 3-2
20 11.0 35 3 0 3-5

6 0 7-5 29 1-2 2 0
6 8-2 30 6-0 2-25
12 10-0 35 4 0 2-5

7 0 6-0 20 0 9 2-2
6 7-0 26 1-0 2-5
12 8-2 30 5 0 2-7
20 111 35 30 30
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Despite this, only male controls had normal serum
iron and transferrin saturation; a good percentage
(29%-47%) of male heterozygotes and females
(both normal and heterozygotes) had low serum iron
and transferrin saturation. The slightly higher
frequencies of iron depletion noted in the hetero-
zygotes, and especially in the male subjects was
impressive and difficult to explain. A detailed
questionnaire disclosed that most of heterozygotes
with iron depletion served as blood donors for their
children. Ten of them have given blood at least
twice during the year of study.
The identical percentage distribution curves of

serum iron and unsaturated serum iron-binding
capacity in normals and heterozygotes suggests that
the same factors are responsible for inducing iron
depletion in both groups.
Haemoglobin levels are generally low in the

fl-thalassaemia trait. Differences between sexes are
similar to those between normal male and females.
In heterozygotes iron deficiency caused a further
lowering in haemoglobin levels which was pro-
portional to the degree of iron depletion. Besides
haemoglobin, iron depletion affects consequently the
mean corpuscular haemoglobin (MCH) levels.
Reduction in MCH was again proportional to the
degree of iron depletion; in severe depletion it was
less than 20 pg per erythrocyte.
The diagnosis of the fl-thalassaemia trait is

mainly based on the levels of haemoglobin A2.
Kunkel et al (1957), using starch block electro-
phoresis, reported an increase of haemoglobin A2, in
34 individuals with the fl-thalassaemia trait; the
mean haemoglobin A2 level was 5 11 ±1+350/ com-
pared to 2 5 + 0 35% in 350 normal controls. In
this study cellulose acetate electrophoresis yielded
identical mean values in both 114 heterozygotes
(5.11+1.1%) and normal controls (2.6+0.6%).
The simplicity and the small standard error of the
method (± 0-13%) make this a more advantageous
method than laborious starch block procedure in
studies of very numerous samples.

Iron depletion affects the production of haemo-
globin A2. The levels of haemoglobin A2 in the
20 patients with iron deficiency were considerably
lower than in individuals with normal iron levels.
This is in agreement with the results reported by
Josephson et al (1958) in a small number of patients
with iron-deficiency anaemia. In this study it was
also shown that iron deficiency inhibits the pro-
duction of haemoglobin A2 even in individuals with
the f-thalassaemia trait. Similar data have been
recently reported by Wasi, Disthasongchan, and
Na-Nakarn (1968) in 8 individuals with the fi-thalas-
saemia trait.

Two possible mechanisms were postulated to ex-
plain inhibition of haemoglobin A2 synthesis in
iron deficiency. Firstly, if the different peptide
chains compete for haem moieties then in iron
deficiency-where there is a haem deficit-the
usual proportion of normal haemoglobins will be
altered in favour of one competing more effectively
(Wasi et al, 1968). Secondly, iron may directly
affect the rate of globin synthesis. Recent studies
in vitro have demonstrated that the lack of iron in
incubation mixtures causes retardation in the rate
of globin synthesis and disaggregation of poly-
somes (Rabinovitz and Waxman, 1965).

Considering that reduction of haemoglobin A2
synthesis was induced by iron deficiencyin both
normal and heterozygotes, it can be postulated that
iron shortage mainly affect the 8-peptide chain. If
the first hypothesis is correct, the reduction of
haemoglobin A2 may be attributed either to a de-
crease affinity of 8-chain or to an increased affinity of
fl-chain to conjugate with haem. This results in
the low proportion of Hb A2 (a2fl2) compared to
Hb A (a2fl2), demonstrated in iron deficiency.
According to the second hypothesis, iron shortage
should affect the rate of 8-chain synthesis, which
again results in lowering the proportion of haemo-
globin A2. In the case of heterozygous ,B-thalas-
saemia, where a genetically determined defect in
fl-chain synthesis and a compensatory overproduc-
tion of 8-chain are presumed, the mechanism by
which iron deficiency causes a decrease in the pro-
portion of haemoglobin A2, seems to be more
complicated. Unlike haemoglobin A2, the levels
of Hb F(a2y2) seem to be unaffected by iron de-
ficiency; in other words neither affinity for haem
nor the rate of synthesis of y-chain is reduced.
The altered proportions of haemoglobin A2 in

iron-deficiency anaemia may have no major
physiological effect since its amount is so low. Its
particular importance lies in the diagnosis of the
thalassaemias, since haemoglobin A2 is increased in
fl-thalassaemia but low in the a- and 8-thalassaemia
traits. Hence it would be difficult if not impossible
to distinguish between iron-deficiency anaemia and
the a- or 8-thalassaemia trait on the basis of haemo-
globin A2 levels since haemoglobin A2 is low in both
conditions.
The observations of this study point to the neces-

sity for simultaneous search for iron depletion,
when an investigation for thalassaemia traits (a, f,
or 8) is conducted. In areas where both conditions
are prevalent, the reduction of haemoglobin A2,
caused by iron deficiency, is of particular impor-
tance, since it may mask the diagnosis ofthalassaemia
traits. In our experience this is mainly true of
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cases of ,8-thalassaemia trait associated with severe
iron depletion which causes pronounced anaemia
(unpublished data). It is therefore suggested that
in the presence ofiron deficiency, iron stores must be
first repleted, before the diagnosis of thalassaemia
trait can be definitely made.

Summary
Serum iron and unsaturated serum iron-binding

capacity were estimated in 114 heterozygotes for the
/-thalassaemia trait and in 50 normal individuals.
Both parameters showed wide variation but no
significant differences were found between the two
groups. Low serum iron and transferrin satura-
tion levels were detected in 32% of the normal
female, in 290% of the male heterozygotes, and in
4700 of the female. Iron deficiency caused a
significant decrease of haemoglobin levels both in
normal and heterozygous individuals. It was also
associated with considerable decrease in haemo-
globin A2 but not of haemoglobin F. Controls
with normal serum iron levels had higher haemo-
globin A2 than did controls with iron deficiency.

Inhibition of haemoglobin-A2 synthesis by severe
iron depletion may mask the diagnosis of hetero-
zygous thalassaemia states. Therefore iron deple-
tion should be treated before the diagnosis of
thalassaemia trait can be definitely made.
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