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Abstract.

 

Objectives

 

: Iron is essential for DNA synthesis; its deficiency may lead
to impaired DNA synthesis and subsequent alterations in levels of apoptosis. Here,
we have aimed to investigate effects of iron deficiency anaemia (IDA) on apoptotic
response of phagocytic cells and to understand whether the effect is reversible after
iron supplementation.

 

 Materials and methods

 

: Forty-nine IDA patients and 26 healthy
controls, aged between 6 months and 12 years with similar demographic status, were
considered. Neutrophil- and monocyte-apoptotic responses of IDA patients and the
control group were compared by flow cytometry. Then, IDA patients were provided
with oral iron supplementation. On day 15 of iron therapy, neutrophil- and monocyte-
apoptotic responses of IDA patients were rechecked and were compared to those of
control group.

 

 Results

 

: Neutrophil- and monocyte-apoptotic responses in terms of early
and late percentages of apoptosis, and percentages of necrotic cells, were significantly
less in IDA patients compared to the control group. The significantly low apoptotic
responses of IDA patients rose to levels of the control group by day 15 of iron therapy.
Besides, the effect of IDA on apoptotic responses was found to be more enhanced in
severe IDA patients that those of mild IDA patients. 

 

Conclusion

 

: Correction of
differences after iron supplementation therapy implies that IDA might be a cause for
changes in neutophil- and monocyte-apoptotic responses. The impact of this diminution
of apoptotic cellular function in IDA should be further investigated, with longitudinal
studies, in order to document the impact of any severe and/or long-lasting IDA on
autoimmunity and malignancy.

INTRODUCTION

 

Traces of elements such as iron, zinc, copper and manganese make up a small percentage of
body mass but are vital for the body’s proper functioning (Bridges 1992). These metals must be
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present in appropriate amounts, and they must be available to react with other elements to form
critical molecules and participate in important chemical reactions. Iron is indispensable for cell
growth and survival (Maclean 

 

et al

 

. 2001). It participates in oxidation–reduction processes and its
deficiency affects haem synthesis, electron transport and DNA synthesis (Reichard & Ehrenberg
1983; Bridges 1992). Impaired DNA synthesis as a result of iron deficiency may lead to subsequent
alteration in levels of programmed cell death. Apoptosis can be initiated by activation of both
intrinsic and extrinsic caspase pathways (Binet 

 

et al

 

. 1996; Thiele & Kastan 2002). The intrinsic
pathway begins with release of cytochrome c from mitochondrial membranes (Thiele & Kastan
2002). Iron plays a central role in the production of mature cytochrome c (Reed 1997). It is also
well known that differentiation of monocytes and macrophages is also iron-dependant (Kramer

 

et al

 

. 2002). Because apoptosis could be viewed as the last step in cell differentiation, it is possible
that apoptosis of monocytes may also be affected by iron deficiency 

 

in vivo

 

. Although there are
some cell culture studies that demonstrate increased apoptotic response in the presence of hypoxia
and iron chelation (Haq 

 

et al

 

. 1995; Kovar 

 

et al

 

. 1997; Simonart 

 

et al

 

. 2000), further 

 

in vitro

 

investigations have found that numbers of apoptotic neutrophils and mononuclear cells do not
differ from those of control groups (Bergman 

 

et al

 

. 2005). In the light of such conflicting
reports, detailed clinical studies are needed to determine how the functions of neutrophils and
monocytes are affected in iron deficiency, and how the reported 

 

in vitro

 

 effects can translate into
clinical conditions.

We have aimed to investigate the impact of iron deficiency anaemia (IDA) on apoptotic responses
of phagocytic cells and to understand whether any effect is reversible after iron supplementation.

 

MATERIALS AND METHODS

 

Study design and patients

 

The study to be conducted in Marmara University Medical Center and Goztepe Educational
Hospital was approved prospectively by the local ethics committee of Marmara University Medical
Center in Istanbul, Turkey.

Patients aged between 6 months and 12 years, with a prior haemogram and peripheral smear
at their first visit to Marmara University Medical Center or to Goztepe Educational Hospital
‘Healthy Child Clinic’ or ‘Sick Child Clinic’ or ‘Paediatric Haematology Clinic’, were selected
in order to determine possible IDA patients or to provide healthy children for the control group.
Those with possible IDA or those who seemed to be among the healthy control group, were
ordered haemograms, peripheral smears and ferritin level analysis. Heparinized blood for
apoptosis tests and occult blood in faeces

 

 ×

 

 3 were collected.
Both IDA patients and the healthy control group or their parents were questioned regarding

their eating habits (amount of milk, green vegetables and red meat consumed/day), pica;
pattern of defecation, history of bleeding/operation, accident or chronic illness of any kind.
Eating green vegetables and red meat (at least 250 g/week) and consuming less than 500 mL/day
milk was considered as a program of good eating habits.

All patients had a physical examination including recording height and weight percentiles.
Patients with non-anaemic iron deficiency, any chronic illness, any haematologic disease

other than IDA, history of gastrointestinal bleeding or having had surgery, or who had any parasitic
or other infection in the last month, or who had ingested any iron containing drug, were excluded
from the study. Forty-nine IDA patients and 26 healthy children as the control group, all aged
between 6 months and 12 years with similar demographic status, were included in the study
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(Table 1). Apoptosis tests were performed on both IDA patients and control children on their
inclusion to the study.

Oral ferrous sulfate supplementation (3 mg/kg/day in bid-ferrosanol) was provided for the
IDA patients. On day 15 of iron supplementation therapy, apoptosis tests were rechecked on 26
of the IDA patients. Tests could not be performed on 23 of the IDA patients as their parents
refused extra blood withdrawal on day 15 (Table 2).

 

Isolation of white blood cells

 

White blood cells from venous blood of patients were isolated by an ammonium chloride-based
method. Briefly, 3 ml of blood was mixed with 30 ml of erythrocyte lysing solution (0.1 m

 

m

Table 1. Characteristics of 49 iron deficiency anaemia (IDA) patients and 26 healthy children

IDA (n = 49) Controls (n = 26) P

Gender (n) 28F/21M 12F/14M 0.467*
Age (years) (mean ± SD) 3.8 ± 3.3 3.8 ± 3.1 0.996**
Weight (kg) (mean ± SD) 17.3 ± 9 17.4 ± 8.7 0.956**
Height (cm) (mean ± SD) 97.7 ± 22.4 98.4 ± 22.6 0.996**
‘Good eating habits’ (n) 15 21 0.00*
No ‘good eating habits’ (n) 34 5
Hemoglobin (g/dL) (mean ± SD) 8.3 ± 1.5 12.3 ± 0.5 0.00**
Red blood cell count (1012/L) (mean ± SD) 4.2 ± 0.5 4.6 ± 0.3 0.00**
Mean corpuscular volume (fl) (mean ± SD) 63.9 ± 6.4 78.9 ± 4.1 0.00**
Red cell distribution width (mean ± SD) 17.5 ± 2.7 13.6 ± 0.8 0.00**
Ferritin (μg/L) 5.9 ± 4.7 50.3 ± 18.1 0.00**

F, female; M, male.
*Fisher’s exact chi-squared test.
**Mann–Whitney U-test.

Table 2. Characteristics of 26 iron deficiency anaemia (IDA) patients having apoptosis tests on day 15 of iron supple-
mentation therapy and 23 IDA patients not having apoptosis tests on day 15 of iron supplementation therapy

IDA with apoptosis 
tests performed 
on day 15 (n = 26)

IDA with apoptosis 
tests not performed 
on day (n = 23) P

Gender (n) 16F/10M 12F/11M 0.572*
Age (years) (mean ± SD) 3.7 ± 3.5 3.8 ± 3.1 0.508**
Weight (kg) (mean ± SD) 17.7 ± 10.6 16.8 ± 7.1 0.673**
Height (cm) (mean ± SD) 96.7 ± 23.9 98.9 ± 20.9 0.514**
‘Good eating habits’ (n) 8 7 1.00*
No ‘good eating habits’ (n) 18 16
Hemoglobin (g/dL) (mean ± SD) 8.3 ± 1.6 8.4 ± 1.5 0.865**
Red blood cell count (1012/L) (mean ± SD) 4.2 ± 0.4 4.2 ± 0.6 0.849**
Mean corpuscular volume (fl) (mean ± SD) 63.3 ± 7.4 64.7 ± 6.4 0.589**
Red cell distribution width (mean ± SD) 17.8 ± 3.3 17.1 ± 1.9 0.464**
Ferritin (μg/L) (mean ± SD) 4.9 ± 3.6 7.2 ± 5.6 0.203**

F, female; M, male.
*Fisher’s exact chi-squared test.
**Mann–Whitney U-test.
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EDTA; 155 m

 

m

 

 NH

 

4

 

Cl; 10 m

 

m

 

 KHCO

 

3

 

) and was incubated at room temperature for 15 min.
Following centrifugation at 600 

 

g

 

 for 10 min, supernatant was discarded and the cell pellet was
washed with phosphate-buffered saline gel (PBS-gel; PBS containing 0.1% gelatin) and cell
count was adjusted to 3–4 

 

×

 

 106.

Evaluation of apoptosis and cell necrosis
Apoptosis was induced in cells by using phorbol myristate acetate (PMA, Sigma-Aldrich,
Taufkirchen, Germany) as previously described but with some modifications (Takei et al. 1996).
In optimization studies, we used peripheral blood samples from normal children (n = 5). Cell
death was induced by PMA in half of the cells, while the rest were incubated under the same
conditions without PMA, for evaluating spontaneous cell death of neutrophils. Samples were
taken at specific time points (0, 1st, 2nd, 3rd and 6th hour for spontaneous apoptosis, and 0, 3rd
and 6th hour for PMA-induced samples); differences were clearly seen (Fig. 1). Apoptosis was
evaluated by the method defined below and the 3rd hour of evaluation was chosen as time point
for the experiments. Briefly, two tubes were prepared for each apoptosis experiment and 1 × 106

cells/mL were dispensed into the tubes. One of these was induced for apoptosis using 100 ng/mL
of PMA, at 37 °C for 3 h, while other was incubated at the same temperature without stimulation,
as a control. Fluorogenic caspase-3 substrate, Phi-Philux (OncoImmune Inc., College Park, MD,
USA) was used to stain then evaluate apoptotic events in monocytes and neutrophils. Following
washing with PBS-gel, cells were labelled with 50 μL Phi-Philux (OncoImmunin Inc.) at 37 °C
in the dark for 1 h. Cells were then washed again with PBS-gel and, while evaluation by flow
cytometry (FACScan, Becton Dickinson, Mountain View, CA, USA) 20 μg/mL of propidium
iodide was added to the tubes, to reveal late stages of apoptotic cell death.

For analysis, monocytes and neutrophils were separately gated according to their granularity
and size, on forward scatter versus side scatter plots. Early apoptosis, late apoptosis and cell necrosis
were evaluated on fluorescence 1 (FL1 for Phi-Philux) versus fluorescence 3 (FL3 for propidium

Figure 1. Optimization of phorbol myristate acetate (PMA)-induced apoptosis in healthy subjects (n = 5) in
comparison to spontaneous apoptosis of neutrophils. Half the samples treated with PMA while the other half was
left without PMA. Late apoptosis of neutrophils positive for both Phi-Philux and propidium iodide staining was checked
in various time points and PMA induced cell death has been shown (P = 0.034, Mann–Whitney U-test). SLA, spon-
taneous late apoptosis.
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iodide) plots. Percentage of cells stained with Phi-Philux only was evaluated as early apoptosis;
percentage of cells stained with both Phi-Philux and propidium iodide was evaluated as late
apoptosis and percentage of cells stained with propidium iodide only was evaluated as necrotic cells.

Statistical analysis
For comparisons of continuous variables, the Mann–Whitney U-test was used; frequency of
distribution of different parameters were compared among groups of patients by means of Fisher’s
exact chi-squared test; for comparisons of pre- and post-treatment variables the Wilcoxon
signed-rank test was used. Significance level was accepted with P < 0.05.

RESULTS

Haemoglobin, haematocrit and red blood cell counts at inclusion in the study in IDA patients
were shown to have undergone a statistically significant increase on day 15 of iron supplemen-
tation treatment (Table 3).

Effects of IDA on parameters of apoptosis
In IDA patients, neutrophil apoptosis (in terms of percentages of early and late neutrophil
apoptosis), and percentages of necrotic neutrophils were all found to be significantly lower than
in the control group (Table 4; Figs 2–4). In IDA patients, monocyte apoptosis (in terms of
percentages of early and late monocyte apoptosis), and percentages of necrotic monocytes were
all found to be significantly lower than the control group (Table 4; Figs 5–7).

Effects of iron supplementation on parameters of apoptosis
In IDA patients, parameters of both neutrophil and monocyte apoptosis at inclusion into the
study, were shown to increase to the values of those of control patients, on day 15 of iron
supplementation treatment (Table 4). This increase was found to be statistically significant for
all neutrophil and monocyte apoptosis responses, but not for percentages of necrotic neutrophils
(P = 0.269), while percentages of neutrophil and monocyte apoptosis (P = 0.058 and P = 0.078,
respectively) were found to have a borderline statistical significance (Table 4).

Effects of severe IDA on parameters of apoptosis
Iron deficiency anaemia patients were divided in two groups, severe IDA patients (those with
haemoglobin levels of ≤ 8.0 g/dL) and mild IDA patients (those with haemoglobin levels of

Table 3. Haemoglobin, red blood cell count, mean corpuscular volume and red cell distribution width values at admis-
sion to the study and on day 15 of iron treatment

At admission to 
the study (n = 49)

At day 15 of iron 
treatment (n = 26) P*

Hemoglobin (g/dL) (mean ± SD) 8.3 ± 1.5 9.7 ± 1.6 0.000
Red blood cell count (1012/L) 4.2 ± 0.5 4.7 ± 0.5 0.000
Mean corpuscular volume (fl) (mean ± SD) 63.9 ± 6.4 67.5 ± 7.3 0.000
Red cell distribution width (mean ± SD) 17.5 ± 2.7 18.5 ± 4.1 0.322

*Wilcoxon signed-rank test.
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Table 4. Neutrophil and monocyte apoptosis in iron deficiency anaemia (IDA) and control groups

IDA at admission 
to the study 
(n = 49) (mean ± SD)

P (IDA at 
admission versus 
control)

IDA at day 15 of iron 
treatment (n = 26) 
(mean ± SD)

P (IDA at admission 
versus IDA at day 15 
of iron treatment)

Controls (n = 26) 
(mean ± SD)

P (IDA at day 15 
of iron treatment 
versus control)

Early neutrophil apoptosisa (%) 26.2 ± 22.6 0.017* 37.9 ± 24.1 0.058** 41.4 ± 23.7 0.596*
Late neutrophil apoptosisb (%) 12.5 ± 13.6 0.01* 24.0 ± 23.9 0.049** 24.7 ± 21.7 0.876*
Neutrophil necrosisc (%) 9.2 ± 8.7 0.041* 11.5 ± 14.8 0.269** 14.2 ± 11.1 0.138
Early monocyte apoptosisa (%) 15.8 ± 21.1 0.007* 29.3 ± 26.5 0.078** 31.7 ± 32.5 0.583*
Late monocyte apoptosisb (%) 0.9 ± 1.6 0.021* 4.6 ± 12.8 0.017** 3.2 ± 5.0 0.51*
Monocyte necrosisc (%) 1.7 ± 2.4 0.009* 6.9 ± 17.3 0.026** 3.9 ± 4.8 0.84*

*Mann–Whitney U-test.
**Wilcoxon signed-rank test.
aMeasured by percent fluoresence of Phi-Philux that is cleaved by active caspase-3.
bMeasured by percent fluoresence of Phi-Philux that is cleaved by active caspase-3 and propidium iodide.
cPercentage of cells that are stained by propidium iodide only.
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≥ 8.01 g/dL), in order to demonstrate effects of severe IDA on parameters of apoptosis. In severe
IDA patients, monocyte apoptosis (in terms of percentages early and late apoptosis), were found
to be significantly lower than those of mild IDA patients, while neutrophil apoptosis (in terms
of percentages of early and late apoptosis, P = 0.077 and P = 0.059, respectively) were found to
have a borderline statistical significance (Table 5).

Figure 2. Median (inter-quartile range) values for early neutrophil apoptosis (%) upon inclusion into the study
and at day 15 of iron therapy and the controls were 18.33 (5.97–44.90), 35.55 (22.30–56.36) and 40.93 (24.84–
58.09), respectively (P = 0.017, Mann–Whitney U-test). IDA, iron deficiency anaemia.

Table 5. Neutrophil and monocyte apoptosis in severe and mild IDA patients

Severe IDA at admission 
to the study (n = 20) (mean ± SD)

Mild IDA at admission to 
the study (n = 29) (mean ± SD) P*

Early neutrophil apoptosisa (%) 18.9 ± 18.3 31.1 ± 24.2 0.077
Late neutrophil apoptosisb (%) 8.9 ± 12.8 15.0 ± 13.8 0.059
Neutrophil necrosisc (%) 7.8 ± 7.1 10.1 ± 9.7 0.433
Early monocyte apoptosisa (%) 7.1 ± 14.0 21.9 ± 23.2 0.002
Late monocyte apoptosisb (%) 0.7 ± 1.8 1.1 ± 1.5 0.02
Monocyte necrosisc (%) 1.6 ± 1.3 1.8 ± 3.0 0.464

*Mann–Whitney U-test.
aMeasured by percent fluoresence of Phi-Philux that is cleaved by active caspase-3.
bMeasured by percent fluoresence of Phi-Philux that is cleaved by active caspase-3 and propidium iodide.
cPercentage of cells that are stained by propidium iodide only.
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DISCUSSION

Iron deficiency is probably the most prevalent and most common micronutrient deficiency in the
developing world today (Lukes 1995; Tatala et al. 1998; Asobayire et al. 2001; Abalkhail &
Shawky 2002; Hashizume et al. 2003). According to the World Health Organization, frequency
of paediatric IDA in developing countries is between 46% and 51% (World Health Organization
1998). Results from limited studies conducted in different provinces in Turkey have shown that
iron deficiency is the most important cause of anaemia in children, with prevalence of between
3.2% and 18.3% (Gurel et al. 1981; Calvo & Gnazzo 1990; Kocak et al. 1995; Aydinok et al.
1998; Koc et al. 2000; Kilinc et al. 2002; Keskin et al. 2005). According to these results, Turkey
has a comparatively moderate-to-high pre-valance of IDA. Poor diet and low dietary iron
bioavailability are the principal factors that contribute to this high incidence of iron deficiency
(Bridges 1992; Tatala et al. 1998; Simonart et al. 2000; Sherry et al. 2001). Likewise, numbers
of patients with poor eating habits in our study were found to be significantly higher in IDA
group than controls.

In addition to its role in haemoglobin production, iron also contributes to changing levels of
apoptosis (Bridges 1992; Thiele & Kastan 2002). There are both intrinsic and extrinsic pathways
and mechanisms that result in apoptotic cell death (Binet et al. 1996). Both cascades converge
at one point of activation, that of caspase-3. Thus, measurement of caspase-3 activation is a

Figure 3. Median (inter-quartile range) values for late neutrophil apoptosis (%) upon inclusion to the study and
at day 15 of iron therapy and the controls were 6.42 (1.87–23.06), 19.97 (3.25–41.57) and 22.38 (5.96–35.32),
respectively (P = 0.01, Mann–Whitney U-test). IDA, iron deficiency anaemia.
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direct and relevant method for demonstrating cells that undergo apoptosis rather than some
others (e.g. methods such as Annexin V staining), which also shows monocyte and neutrophil
activation (Salvesen & Dixit 1997). The intrinsic pathway occurs with release of mitochondrial
cytochrome c (Smith 2000); iron is an important component of mature cytochrome c (Reed 1997).
Thus, impaired DNA synthesis as a result of iron deficiency may lead to subsequent alteration
in levels of programmed cell death. Accordingly, several in vitro experiments have been performed
to determine the status of neutrophil/monocyte apoptosis with iron chelation (Fukuchi et al.
1994; Hannah et al. 1995; Haq et al. 1995; Hileti et al. 1995; Binet et al. 1996; Kovar et al.
1997; Juckett et al. 1998; Kyriakou et al. 1998; Yuan 1999; Rakba et al. 2000; Simonart et al. 2000;
Maclean et al. 2001; Kramer et al. 2002; Mecklenburgh et al. 2002; Bergman et al. 2005).
Although iron deficiency and induction of apoptosis have well documented association, from
several in vitro experiments (Fukuchi et al. 1994; Hileti et al. 1995; Kovar et al. 1997; Kyriakou
et al. 1998; Yuan 1999; Rakba et al. 2000), hypoxia and/or iron chelation of neutrophils from
healthy individuals have also been shown to cause a profound but reversible inhibition of apoptosis
(Hannah et al. 1995; Mecklenburgh et al. 2002). Haq et al. (1995), induced iron deprivation in
human leukaemic cells by incubation with either galium or desferioxamine and observed an
increase in the number of apoptotic cells, which could be prevented by iron supplementation to
the medium. Similar findings were reported by Maclean et al. (2001), Juckett et al. (1998),
Simonart et al. (2000) and Kovar et al. (1997) on myeloid cells of normal mouse, on human
umbilical vein endothelial cells, on Kaposi’s sarcoma cells and on mouse B-cell lymphoma cells,
respectively. Yet, on the contrary, the in vitro study of Bergman et al. (2005) revealed that the

Figure 4. Median (inter-quartile range) values for neutrophil necrosis (%) upon inclusion into the study and at
day 15 of iron therapy and the controls were 6.62 (3.49–11.53), 6.77 (2.62–15.13) and 12.13 (4.83–20.28), respec-
tively (P = 0.041, Mann–Whitney U-test). IDA, iron deficiency anaemia.
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number of apoptotic neutrophils and mononuclear cells from IDA patients do not differ from
that of control groups. In our investigation, neutrophil and monocyte apoptosis responses, in
terms of early and late apoptosis percentages, and necrotic cell percentages were all found to be
significantly lower than those of control groups. In IDA patients, both neutrophil and monocyte
apoptosis parameters upon their inclusion to the study were demonstrated to have increased to
the values of controls on day 15 of iron supplementation treatment. Correction of differences
after iron supplementation therapy and demonstration of the enhanced effect of IDA on apoptotic
responses in severe IDA patients, when compared to mild IDA patients, implies that IDA might
be a reason for changes in neutophil and monocyte apoptoses. Discrepancies between previous
investigations and our results might be because those had been carried out in vitro, whereas this
investigation was performed on clinical bases with healthy individuals. The discordance might
emphasize differences from each other between in vivo and in vitro conditions.

Delayed neutrophil apoptosis has been associated with inflammatory states such as sepsis or
pneumonia (Dibbert et al. 1999). In the resolution of inflammation, accumulated neutrophils
need to be safely removed. Apoptosis of neutrophils controls the duration and the intensity of
an inflammatory response and therefore the extent of neutrophil-mediated tissue damage. Under
normal conditions, cell death and cell proliferation have a critical balance that regulates the size
of cell populations and apoptosis plays a key role in this balance. It is imperative for cells to
undergo spontaneous apoptosis as a mechanism to facilitate normal cell turnover and immune
system homeostasis. Sustained immune reactions may lead to disruption of the critical balance

Figure 5. Median (inter-quartile range) values for early monocyte apoptosis (%) upon inclusion to the study and
at day 15 of iron therapy and the controls were 4.58 (1.12–28.54), 28.8 (1.99–48.56) and 14.31 (4.92–58.01), respec-
tively (P = 0.007, Mann–Whitney U-test). IDA, iron deficiency anaemia.
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and contribute to a number of human diseases, ranging from neurodegenerative or autoimmune
disorders to malignancy (Thompson 1995; Hanahan & Weinberg 2000; Okada & Mak 2004;
Navratil et al. 2006). The notion that apoptosis might influence the malignant phenotype goes
back to the early 1970s (Lowe & Lin 2000). Kinetic studies of tumour growth implied that cell
loss from tumours could be massive and hence changes in this ‘cell loss factor’ could have a
major impact on tumour growth or regression (Kerr et al. 1972; Wyllie et al. 1980). Besides,
there are studies highlighting disruption of apoptosis can promote tumour initiation, progression
and treatment resistance (Clarke et al. 1993; Lowe et al. 1993; Merritt et al. 1994; Symonds
et al. 1994; Pritchard et al. 1998; Schmitt et al. 1999), and it seems likely that one or more
apoptotic programs must be lost to reach the malignant state (Lowe & Lin 2000).

As the source of energy production, mitochondria have a critical importance in apoptosis.
Mature cytochrome c from mitochondria that encompass iron requisition (Reed 1997) is essential
for the flow of the apoptotic cascade. Thus, it is logical to observe inhibition of apoptosis in an iron
deficiency setting in otherwise healthy human beings, as we have demonstrated in this clinical study.

In conclusion, inhibition of neutrophil and monocyte apoptosis as shown here might lead
to disruption of the immune balance in IDA patients. Inhibition of apoptosis could initiate a
pro-inflammatory state for the immune system that could lead to autoimmunity or to malignancy
in the long term. Hence, results of our research shown here – diminution of apoptotic function
with iron deficiency anaemia – indicate the necessity of longitudinal studies in order to document
the impact of severe and long-lasting IDA on autoimmunity and malignancy.

Figure 6. Median (inter-quartile range) values for late monocyte apoptosis (%) upon inclusion to the study and
at day 15 of iron therapy and the controls were 0.4 (0.12–0.84), 1.08 (0.45–2.66) and 0.61 (0.29–4.72), respectively
(P = 0.021, Mann–Whitney U-test). IDA, iron deficiency anaemia.
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