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Abstract
Introduction
Iron deficiency anemia (IDA) is the most common cause of anemia in both developed and developing
countries. Leukopenia is an infrequent side effect of iron therapy reported in the literature as sporadic
cases. We conducted a study to clarify this issue and to check its consequences in a big cohort of patients
with IDA.
Objective
To assess the relationship between iron therapy (intravenous) and leukopenia, neutropenia or
lymphocytopenia, and its clinical impact, if any, on patients.
Materials and Methods
this is a retrospective study conducted in Hamad Medical Corporation, Doha/Qatar. the clinical and
biochemical data of 1567 females with IDA who attended the hematology clinic and were treated with
intravenous iron therapy were collected and analysed. Complete and differential blood counts and iron
profile were studied before and after iron treatment. In addition, cases who developed infections during the
time of leukopenia were noted and checked for possible complications.
Results
After iron therapy, out of 1567 case of iron deficiency anemia, 30 cases (1.914%) developed leukopenia,15
cases (0.957%) developed neutropenia and 12 cases (0.765%) developed lymphocytopenia. All had
normal WBC counts before treatment. 2 patients (6.66%) had infection, 1 had upper respiratory tract
infection and 1 urinary tract infection, the latter was treated with antibiotics. There were no reported
infections during or after iron therapy.
Conclusions
Leukopenia in form of neutropenia or lymphocytopenia may occur as a side effect of IV iron therapy,
however, its clinical significance appeared to be limited.

Introduction
Iron deficiency (ID) is the most common cause of anemia world-wide, and it accounts for the most
common nutritional deficiency. Iron deficiency anemia (IDA) particularly affects females in the childbearing age and children at the pre-school age.
Causes of iron deficiency include malnutrition (mainly in developing countries), parasitic infections like
hookworm, schistosomiasis, bleeding from any source, malabsorption syndromes.
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The signs and symptoms can be linked to impaired oxygen delivery to the tissues causing fatigue,
exertional dyspnea, light-headedness and pallor, or linked to iron deficiency like pica, ice craving, beeturia
and restless leg syndrome. (1,2)
Anemia was found to account for 8.8% of total disability from all conditions in one large study. (1)
IDA has been linked to impaired mental and motor development in children (3), preterm birth, heart failure
and may predispose to infection and increase mortality rates in peri-operative settings. (4,5)
Early diagnosis of IDA is vital to treat early and avoid complications. Treating the cause of IDA and iron
replacement are the mainstay of the management. Intravenous iron replacement is currently in wide use
because of the advantage of overcoming gastric intolerance and constipation that occur with oral iron and
the advantage of rapid replacement of iron.
Low count of circulating white blood cells (WBC) is the definition of leukopenia which can be at the
expense of neutrophils, lymphocytes, or both. Leukopenia comes from various causes and usually needs
holistic approach.
Leukopenia, neutropenia or lymphocytopenia; as a side effect of iron therapy, has only been reported as
sporadic cases in the literature and its clinical significance has not been studied.
We conducted this study to measure the prevalence of Leukopenia, neutropenia or lymphocytopenia as a
side effect of IV iron therapy in a large cohort of females with IDA.

Objective: To assess the relationship between iron therapy (intravenous) and leukopenia, neutropenia or
lymphocytopenia, and its impact on patient’s clinical settings.

Materials And Methods
We retrospectively reviewed the electronic medical records of patients attended Haematology clinic for IDA
and treated with intravenous iron (ferric carboxymaltose or iron saccharide) over 2 years (1-2017: 1-2019)
in Hamad Medical Corporation, Doha, Qatar.
All adult females with IDA who received IV iron were included. Anemia due to other etiologies and
conditions (including other medications) that may alter WBCs count were excluded. Age, Ethnicity, BMI,
Complete blood count and iron studies data were collected using electronic health records (Cerner) before
and after treatment with IV iron therapy. Data about concomitant infection at the time of IDA, during or
after IV iron therapy, the use of antibiotics and infection related complications were collected. Leukopenia
was defined as WBCs count less than 4000/microlitre, Neutropenia as ANC less than 1500/microlitre and
lymphocytopenia as lymphocytes less than 1000/microlitre.

Statistical analysis:
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Data were presented as mean +/- SD. Paired t test was used to compare data for patients before versus
after iron therapy when the data was normally distributed and mann whitney u test was used when the
data was not normally distributed. Significance was accepted when p < 0.5.

Results
After iron therapy, out of 1567 case of iron deficiency anemia, 30 cases (1.914%) developed leukopenia,15
cases (0.957%) developed neutropenia and 12 cases (0.765%) had lymphocytopenia. All had normal
readings before treatment. (tables 1-3)

Only 2 patients (6.66%) had infection during the period of iron therapy. One had upper respiratory tract
infection and the other had urinary tract infection. The latter was treated with antibiotics. No other patients
had recorded infection.

Discussion
Leukocytopenia is defined as low count of circulating WBCs. This can be caused by low neutrophils count,
low lymphocytes count, other WBCs components or combined. Neutropenia can be primary idiopathic or
secondary to many conditions including viral infections, hematological diseases, thyroid disorders, drug
related or autoimmune diseases. (6) Lymphopenia has a broad variety of causes, most importantly are
viral infections, hematological disorders and corticosteroids therapy, (7, 8)
Iron deficiency has been proposed to be infrequently associated with neutropenia and lymphopenia when
other causes are ruled out. (9–11)
Although parenteral iron replacement has a relatively high safety profile, previous case reports suggested a
link between iron therapy and impaired production of cell lineages like thrombocytes and leukocytes. The
burden of leukopenia/neutropenia/lymphopenia as a consequent of iron therapy has not been well
addressed in the literature. One review of 11 case reports and a case series described that
thrombocytopenia can be induced by iron replacement (ferrous sulphate).(12)
Brito-Babapulle et al reported a case of fatal bone marrow suppression linked to ferric carboxymaltose
therapy in a patient with IDA. This case started as amegacaryocytic thrombocytopenia and erythroid cell
aplasia which was followed by a drop in neutrophils count. Other causes were well excluded death
occurred before a donor for bone marrow transplant was found. (13) Another case report described the
occurrence of neutropenia in a man after oral iron therapy that was transient and improved 1 month after
stopping the iron tablets. (14) In our study the incidence of leukopenia, neutropenia and lymphopenia were
with parental iron therapy was 1.9, 0.95, 0.76 percent, respectively in a large cohort of females treated with
intravenous iron for IDA.
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Iron is required for the oxidative response of neutrophils to allow the production of reactive oxygen species
(ROS). However, neutrophil function may be severely altered in conditions of iron overload, as observed in
chronically transfused patients. Therefore, a tight regulation of neutrophil iron homeostasis seems to be
critical for avoiding iron toxicity.
In animal models, it was found that iron-dependent increase of hepatic hepcidin resulted in neutrophil
intracellular iron trapping and consecutive defects in oxidative burst activity. Moreover, systemic iron
overload has been correlated with a surprising neutrophil priming and resulted in a more powerful
oxidative burst. (15)
Excessive iron may impair haematopoiesis, although the mechanisms of this deleterious effect is not
entirely known.
In vitro tests show that commonly available intravenous iron formulations have differing capacities to
saturate transferrin directly: Iron gluconate > iron sucrose > iron dextran. Intravenous iron treatment
produces oxidative stress, as demonstrated by increases in plasma levels of lipid peroxidation products
(malondialdehyde), at a point that is much earlier than the time to peak concentration of catalytically
active iron, suggesting a direct effect of iron sucrose on oxidative stress. (16)
In animal models, iron overload was found to have a negative impact on the hematopoietic system
through the accumulation of the reactive oxygen species (ROS) and its effect on adhesion molecules and
cytokine production. It was suggested that ferrous ammonium sulfate can mediate cell apoptosis and
cause growth arrest in immature cells.(17) One study found that ferrous ammonium sulphate (FeAS),
induced growth arrest and apoptosis in immature hematopoietic cells, which was mediated via reactive
oxygen species (ROS) activation of p38MAPK and JNK pathways. (17)
It has been postulated that i.v. iron might promote infection but there are conflicting studies in the
literature. The risk of infection is thought partly to be because of some i.v. irons having a potentially
immune activating effect. Iron sucrose can induce phenotypical and functional monocytic alterations and
have a higher potential to modulate monocyte differentiation to macrophages and mature dendritic cells
than more stable preparations. (18, 19)
In our cohort, with normal renal function, there was no significant association with infections, with only 2
infections reported in 1567 females who received i.v. iron therapy.
A few small trials in CKD populations suggest an increased infection risk with i.v. iron. Agarwal et al.
undertook a single-centre RCT that randomly assigned no dialysis-dependent CKD (NDD-CKD) patients
with IDA to either oral iron (69 patients) or i.v. iron sucrose (67 patients). As a secondary outcome
measure, they found an increase in serious adverse events (SAEs) because of infections in patients
receiving i.v. iron, with infections in the oral iron group occurring 27 times in 11 patients, whereas in the i.v.
iron group, they occurred 37 times in 19 patients; the adjusted RR ratio was 2.12 (1.24–3.64), P < 0.006)
(20, 21)
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A systematic review and meta-analysis of RCT investigated the safety and efficacy of i.v. iron therapy.
They obtained data from Medline, Embase, and the Cochrane Central Register of Controlled Trials from
1966 to June 2013. In total, 72 trials with 10 605 patients were included. Intravenous iron was found to be
associated with a significant increase in RR of infection of 1.33 (95% CI: 1.10–1.64) compared with oral or
no iron supplementation. (22)
However, these findings were subject to bias as infection was not a predefined endpoint in many of the
trials and patients had renal disorders. They could also not detect a dose–response association between
iron and risk of infection.(23)
Other studies have shown contrasting results regarding risk of infections associated with i.v. iron. In
another meta-analysis that included 103 RCT, Avni et al. concluded that there was no increased risk of
infections with the use of i.v. iron. (24)
More prospective studies are needed to address the possibility of increased infection risk in patients
receiving i.v. iron therapy.

Conclusions
Leukopenia in the form of neutropenia or lymphocytopenia may infrequently occur as a side effect of IV
iron therapy, However, its clinical significance appeared to be limited.
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Tables
Table 1: Iron induced leukopenia

Variables

WBC

Hb

MCV

Platelet

ANC

Lymphocyte

Fe level

Fe Sat

TIBC

Transferrin

feritin

Before Fe therapy
mean

4.7*

8.85

67.9

304.27

2.5*

1.57

10.41

19.69

70.8*

13.5*

22.00

SD

0.78

1.59

10.1

63.88

0.9

0.42

17.57

26.93

22.2

30.84

65.26

Mean

3.59

11.4*

79*

257.6*

1.67

1.44

12.00

32.7*

45.1

6.89

159*

SD

0.24

1.46

7.57

66.61

0.47

0.31

3.91

20.22

21.8

8.94

70.00

After Fe therapy

* p <0.05

Table 2: Iron induced neutropenia
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Variables

WBC

Hb

MCV

Platelet

ANC

Lymphocyte

iron
level

Fe
saturation

TIBC

Transferrin

ferritin

5.1*

9.5

69

339*

2.44*

1.90

7.22

16.18

76.5*

3.21

20.3

1.37

1.3

12

98.7

1.15

0.45

7.07

20.46

9.06

0.53

38.7

3.75

11.8*

81.9*

295.9

1.2

1.94

14.9*

29.56*

58.7

6.01*

126.8*

0.53

1.01

8.71

66.2

0.2

0.52

5.88

12.65

9.8

8.96

47.6

Units
Before
Fe
therapy

After Fe
therapy

* p <0.05

Table 3: Iron induced lymphocytopenia

Variables

WBC Hb

MCV

Platelet

ANC

Lymphocyte

Mean

5.25

9.48

74.31

310.4*

3.05

1.7*

SD

1.28

1.85

8.35

90.37

1.17

0.41

Mean

7.22

11.5*

80.2*

223.75

6.14*

0.65

SD

4.08

1.50

5.77

61.41

3.93

0.19

Units
Before Fe therapy

After Fe therapy

* p < 0.05
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