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Abstract. Introduction: The link between iron deficiency anemia (IDA) and neutropenia/ lymphocytopenia is
not well established in the literature. This study aims at assessing the prevalence and clinical characteristics of
neutropenia and lymphocytopenia in IDA patients considering the impact of iron replacement on the total
and differential WBCs’ count. Subjects and Methods: The records of all female patients with IDA who at-
tended our hematology clinic (Jan 2018 to Jan 2020) were retrospectively reviewed. Patients with systemic or
chronic diseases were excluded. Age, BMI, CBC, and iron parameters were collected before and after IV iron
therapy. Results: Out of 1,567 adult females with IDA, 80 patients had leukopenia (5.1%), 64 had neutropenia
(4.0%), and 20 had lymphocytopenia (1.2%). After iron therapy, their mean leukocytes, neutrophils, and lym-
phocytes increased significantly to 4.38 + 1.82 x10%/L, 2.3 £1.56 x10”/L and 1.76 + 0.48 x10°/L,, respectively.
About 67% of women with IDA and neutropenia had increased ANC in response to iron therapy. However,
no significant correlation was found between leukocytes, ANC, or lymphocytes with TIBC or serum iron
concentration. Conclusions: Neutropenia and/or lymphocytopenia may occur in patients with IDA and are
reversible with iron therapy. Iron therapy led to the correction of anemia in 100% and increased ANC in 67%.
Therefore, neutropenic women with IDA should be treated, initially only with iron, and observed for their Hb
and ANC responses before starting any other treatment. (www.actabiomedica.it)
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Introduction

Globally, iron deficiency accounts for the most
common micronutrient deficiency causing Anemia.
Iron is essential for erythropoiesis as well as mitochon-
drial function, DNA synthesis, DNA repair, redox reac-
tions, and oxygen transportation. Additionally, it plays a
central role in embryonic hematopoiesis and continues
in adults to assist in all blood cells’ production (1-3).

Iron deficiency is the main cause of anemia
worldwide, where adult females (childbearing age)
and children are the most affected groups. Iron is
necessary for cellular immune responses, oxidative
metabolism within the mitochondria and production
of hemoglobin and myoglobin. Iron deficiency ane-
mia (IDA) causes an extensive spectrum of signs and
symptoms as well as short and long-term complica-
tions. The prevalence of IDA varies geographically,
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socioeconomically, between age groups, races, and
genders (4, 5).

In developed countries, the most common causes
of IDA are dietary choices (e.g., vegetarian, and ve-
gan), altered iron absorption, and chronic blood loss,
whereas inadequate iron intake and/or a parasitic
infection are the most common causes in develop-
ing countries. During the reproductive years, women
tend to have IDA due to physiologic demands, such as
menstrual blood losses and pregnancy.

Around 14% of all women could experience ex-
cessive or irregular menstrual bleeding, which can
lead to varying degrees of IDA (6). Furthermore, IDA
might be associated with chronic conditions such as
cancers, kidney, cardiovascular, and gastrointestinal
diseases etc (4, 5).

The usual approach of assessing anemia by meas-
uring only hemoglobin levels lacks both specificity and
sensitivity. The World Health Organization (WHO)
expert committee have come up with a more compre-
hensive definition which including several factors such
as gender, age, ethnicity, altitude and based on statisti-
cal distribution considerations and cut-off points (4-
7). It is advised that

“a Hb concentration below 13.7 ¢/dL in a white
man, aged between 20 and 60 years, would have only
an approximately 5% chance of being a normal value.
For older men, this Hb value would be 13.2 ¢g/dL. The
corresponding value for women of all ages would be
12.2 ¢/dL” (8).

IDA is mainly assessed by transferrin saturation
(TSAT') and serum ferritin where levels below 33.70
pmol/L (15 ng/mL) are consistent with a diagnosis of
IDA, using a cut-off of 67.41 pmol/L (30 ng/mL) (9,
10). However, inflammation or infection and gender
variations (naturally higher in men) jeopardize the ca-
pability of serum ferritin for determining IDA. More-
over, malnutrition and chronic illnesses many decrease
transferrin synthesis and consequently low levels of
transferrin. In addition, the diurnal fluctuations in
TSAT levels (up to 70%), may affects the consistency
of results (11-13). Non-hematological manifestations
of IDA may give rise to unpleasant signs and symp-
toms which are proportional to anemia severity (14).
Microcytic anemia and thrombocytosis are typically
associated with iron deficiency but not lymphocyto-

penia (15-18). Few studies have been investigating the
possible effect of IDA on white blood cells in particu-
lar (considering ethnicity) and the potential changes of
WBCs’ count in response to iron therapy.

This study aims at evaluating the possible associa-
tion between IDA and leukopenia (neutropenia and/
or lymphocytopenia) in adult females (non-pregnant)
and the effect of iron therapy on WBC, ANC and
lymphocyte counts. We also explored the association
between abnormalities of white blood cells (WBC)
and the occurrence of infections in these patients, be-
fore or during iron replacement therapy. To the best
of our knowledge, this is the first study to address this
association in the Arab population.

Subjects and Methods

A retrospective cohort observational study has
been conducted at Hamad Medical Corporation
(HMC) (including a chain of 15 hospitals as the larg-
est governmental healthcare provider in Qatar). All
methods were performed in accordance with the rel-
evant guidelines and regulations.

The electronic health records of all female patients
attending the hematology outpatient clinic for the last
2 years (from January-2018 to January-2020) with a
diagnosis of IDA have been reviewed. The diagnosis
was established based on the hemoglobin (Hb) level
(<12.0 g/dL), (serum iron <60 mcg/dL, transferrin
saturation <19 %, Ferritin <30 ng/mL, and TIBC >
350 to < 400 mcg/dL for IDA with mild anemia (Hb
= 9:12 g/dL) and >410 for IDA with severe anemia.

Inclusion criteria included females aged >18 years
and <45 years (child-bearing period) with confirmed
IDA. Exclusion criteria comprised all patients with
other possible causes of anemia, such as hemoglobi-
nopathies, folic acid or vitamin B12 deficiencies, preg-
nancy, chronic disease including (chronic kidney dis-
ease, heart failure, liver failure), and concurrent drug
use that are known to cause leukopenia).

The following data were collected: age, body mass
index (BMI), complete and differential blood counts,
and iron parameters before and after intravenous (IV)
iron therapy (all the 80 patients with leukopenia were
treated with IV iron therapy). Associated infections
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in patients who had IDA and leukopenia were noted,
including the course of the infection and response to
treatment. Severe cytopenia complications are defined
as severe infections leading to sepsis or hospitalization.

Leukopenia was defined as WBCs count below
4,000/puL, and neutropenia as neutrophils count to be
less than 1,500/pL. Neutropenia was classified as se-
vere if absolute neutrophils count (ANC) was less than
500/pL and profound if ANC was less than 100/pL
(16,17). Lymphocytopenia was diagnosed when lym-
phocytes count was less than 1,000/pL.

The iron requirements were calculated according
to the following equation: “Total iron deficiency in mg
= [body weight (kg) x (normal Hb - actual Hb in g/L)
x 0.24] + 500” (19)Marifi</author> </authors></contr
ibutors><titles><title>Parental Ferric Hydroxide Sac-
charate Therapy for Iron Deficiency Anemia: Safety
and Efficacy</title></titles><dates><year>2004</
year></dates><publisher>American Society of Hema-
tology</publisher><isbn>0006-4971</isbn><urls></
urls></record></Cite></EndNote>. The indications
for parenteral iron therapy were bleeding, severe
symptomatic anemia, and non-adherence to oral ther-
apy. Intravenous iron therapy of ferric carboxy-maltose
(1,000 mg) or ferric hydroxide saccharate complex was
given as an initial dose (100 mg) on the first day and
the following days as divided doses of 200 mg.

Ethical approval for the study was obtained from
the institutional review board (IRB) at the Medical
Research Center (MRC), Hamad Medical Corpora-
tion, Doha, Qatar (MRC-01-20-142).

Statistical analysis

Paired “t-test” and Wilcoxon test were used to
compare variables after versus before iron therapy. A
linear regression was used to investigate possible re-
lationships between variables. Excel 2010 statistical
pack was used for analysis. Differences were consid-
ered statistically significant at (p < 0.05).

Results

Out of 1,567 females with IDA (mean age: 38.3
+ 5.2 years, and mean BMI: 28.2 + 3.8 Kg/mz), 80
had leukopenia (5.1%) and 64 had neutropenia (4%).
Their mean leukocyte count was 3.35 + 0.48 x 10 be-
fore iron replacement therapy. After the correction of
Anemia, the leukocyte count increased significantly to
4.38 + 1.82 x 10°/L (P:< 0.05) (Table 1).

Eight out of the 64 patients with neutropenia had
an infection at the time of presentation: 5 with up-
per respiratory tract infections, 1 with gastroenteritis,
1 with lymphadenitis, 1 with urinary tract infections.
Five of these patients received antibiotics, with no re-
ported complications.

After iron therapy, 43/64 patients increased their
ANC. The rest of the patients had no change (4/64) or
decreased ANC (17/64). The mean neutrophils count
was 1.18 + 0.28 x 10°/L before iron replacement and
significantly increased to 2.33 + 1 x 10°/L after iron
therapy (P: < 0.05).

Table 1. Blood parameters in adult females with IDA and leukopenia before and after iron therapy

Before WBC Hb MCV PLT ANC Lymphocyte Serum TS TIBC Transferrin =~ Serum
treatment iron ferritin
Mean 3.35 9.08 72.8 290% 1.46 1.54 7.10 13.40 70.9% 3.17 994

SD 0.48 192 9.85 149.00 041 0.44 12.02 20.68 16.4 1.03 20.30
After
treatment
Mean 4.38% 11.7#  87.3*% 233.00 2.3% 1.56 15.45%  30.23% 46.2 8.4% 157*
SD 1.82 1.55 16.50 86.60 1.76 0.48 10.72 2245 2398 14.76 81.60

Legend = *P: <0.05; White blood cell count (WBC): 4.0 — 11.0 x 10%/L; Haemoglobin (Hb): 12.0 — 15.6 g/L; Mean cell volume
(MCV): 80 — 100 fL; Platelet count (PLT): 150 — 450 x10°/L; Absolute Neutrophil Count (ANC): > 1.5 x 10%/L; Lymphocytes:
1.5 — 4.5 x 10%/L; Total serum iron: 4.6 — 30.4 pmol/L; Iron (transferrin) saturation (TS): 20.8 — 41 %; Total iron binding capacity
(TIBC): 45 — 81 pmol/L; Transferrin: 2.0 — 3.6 g/L; Serum ferritin: 10 — 200 ng/mL (10™ percentile:3.0-6.0 ng/mL; 90™ percentile:

201-243: ng/mL).
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Table 2 compares patients with neutropenia who
had increased ANC after iron therapy versus those
who had no change or decreased ANC after iron ther-
apy. Both received an equivalent dose of iron.

Hb concentration and ferritin levels did not differ sig-
nificantly between the two groups (Table 3).

Twenty out of the 1,567 patients had lymphocytope-
nia (1.2%). Their mean lymphocytes count increased
from 0.73 + 0.15 x 10?/L before iron replacement to
1.79 + 0.74 x 10°/L after iron treatment (P: < 0.05).
Four out of the 20 patients with lymphocytopenia had
mild infections (2 with upper respiratory tract infec-
tions, 1 with urinary tract infection, and one with gas-
troenteritis) (Table 4).

Discussion

In the Arabian Gulf region (Saudi Arabia
(KSA), Kuwait, Bahrain, Oman, Qatar, Iraq, and
the United Arab Emirates (UAE), the prevalence of
IDA in women appears to be considerably high and
ranges between 26.7% and 64%. In Qatar, a cross-sec-
tional study in 2016 reported ID in 35.4% and IDA
in 15.9% of pregnant women. In the UAE, IDA was
reported in 22% of married (healthy) women and 16%
before marriage. In KSA, 40% of female adults and
34.2% of female adolescents were diagnosed with IDA
and less in university female students (20-23).

In our study, 4% of the IDA women had neutro-
penia. The findings of our study confirm and extend
previous reports on the high prevalence of neutrope-

Table 2: Comparison between the group of women who improved their ANC after iron therapy with those who had no improve-

ment of ANC.

Baseline After treatment

ANCno Number Fe Age BMI WBC Hb MCV Platelet ANC Lymph ferntin WBC2 Hb2 delta MCV2 Plat2 ANC2 ferritin
change dose Hb 2

mg
mean 17.00 1011 373 289 351 92 710 2933 157 147 9.91 3.27 128 25 79.86 240 147 167.1
SD 333 99 49 033 15 941 7488 031 033 215 0.57 13 12 744 46.4 031 1153
ANC
increased
mean 43.00 1079 369 283 317 90 735 2761 123 168 417 575% 123 2 81.3 252 3.13*% 1293
SD 442 98 63 056 22 884 8670 035 058 1.56 251 20 11 7.55 750 116 163.1

Legend = *P: <0.05; White blood cell count (WBC): 4.0 — 11.0 x 10%/L; Haemoglobin (Hb): 12.0 — 15.6 g/L; Mean cell volume
(MCV): 80 — 100 fL; Platelet count (PLT): 150 — 450 x10°/L; Absolute Neutrophil Count (ANC): > 1.5 x 10%/L; Lymphocytes:
1.5 - 4.5 x 10%/L; Total serum iron: 4.6 — 30.4 pmol/L; Iron (transferrin) saturation (TS): 20.8 — 41 %; Total iron binding capacity
(TIBC): 45 — 81 pmol/L; Transferrin: 2.0 — 3.6 g/L; Serum ferritin: 10 — 200 ng/mL (10* percentile:3.0-6.0 ng/mL; 90™ percentile:
201-243: ng/mL).

Table 3. Blood parameters of patients with IDA and neutropenia before and after iron therapy

Befoare WBC Hb MCV PLT ANC  Lymphocyte Serum TS TIBC Transferrin Serum
treatment iron ferritin
mean 356 9.12 72.98 292.15% 118 1.91* 6.47 9.39 72.8% 315 13.96
SD 1.06 2.06 12.53 98.84 028 0.76 10.49 12.59 14.01 0.85 43.84
After
treatment
Mean 458% 12.8%  89.5% 235.70 2.33% 172 17.9% 31.43% 4520 8.7% 138*
SD 211 8.66 4235 8980 207 0.59 12.64 20.72 2412 16.05 174.48

Legend = *P: <0.05; White blood cell count (WBC): 4.0 — 11.0 x 10°/L; Haemoglobin (Hb): 12.0 — 15.6 g/L; Mean cell volume
(MCV): 80 — 100 fL; Platelet count (PLT): 150 — 450 x10°/L; Absolute Neutrophil Count (ANC): > 1.5 x 10%/L; Lymphocytes:
1.5 — 4.5 x 10°/L; Total serum iron: 4.6 — 30.4 pmol/L; Iron (transferrin) saturation (TS): 20.8 — 41 %; Total iron binding capacity
(TIBC): 45 — 81 pmol/L; Transferrin: 2.0 — 3.6 g/L; Serum ferritin: 10 — 200 ng/mL (10 percentile:3.0-6.0 ng/mL; 90 ™ percentile:
201-243: ng/mL).
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Table 4. Blood parameters of patients with IDA and lymphocytopenia before and after iron therapy

Befare WBC Hb MCV PLT ANC Lymphocyte  Serum TS TIBC Transferrin Serum
Treatment iron ferritin
Mean 577 7.15 68.18 272.05 4.54% 0.73 3.69 10.85 68.41 2.86 7.87
SD 2.66 1.63 12.00 69.82 2.68 0.15 1.68 21.17 20.85 0.48 6.88
After
treatment
Mean 573 11.27*  80.2% 260.79 338 1.79% 10.29* 20.8* 59.40 5.2% 158+
SD 239 2.06 8.16 68.90 2.02 0.74 567 1321 9.76 5.07 21761

Legend = *P: <0.05; White blood cell count (WBC): 4.0 - 11.0 x 10’/L; Haemoglobin (Hb): 12.0 — 15.6 g/L; Mean cell volume
(MCV): 80 — 100 fL; Platelet count (PLT): 150 — 450 x10%/L; Absolute Neutrophil Count (ANC): > 1.5 x 10°/L; Lymphocytes:
1.5 — 4.5 x 10%/L; Total serum iron: 4.6 — 30.4 pmol/L; Iron (transferrin) saturation (TS): 20.8 — 41 %; Total iron binding capacity
(TIBC): 45 — 81 pmol/L; Transferrin: 2.0 — 3.6 g/L; Serum ferritin: 10 — 200 ng/mL (10 th percentile:3.0-6.0 ng/mL; 90 thpercen—

tile:201-243: ng/mL).

nia in the Arab Peninsula. Denic S et al, studied 1032
adult Arab participants in Saudi Arabia and reported
that 10.7% had neutropenia <1.5 x 109/L. On the
other hand, Benign neutropenia (BN) has been pre-
viously reported KSA, Jordan, Kuwait, Yemeni and
Ethiopian Jews, and an Arab tribe of Sudanese ori-
gin. These studies reported a high prevalence of BN in
many populations in the Arabian Gulf region (24-28).

The impact of iron deficiency and its relationship
with the occurrence of leukopenia, neutropenia, and
or lymphocytopenia has not been well studied. Pre-
vious case reports suggested the possible association
between IDA and leukopenia, neutropenia and lym-
phocytopenia (15-18).

In our large cohort with IDA, leukopenia and
neutropenia was present in 5.1% and 4% of patients,
respectively. The iron replacement was associated with
a significant increase of ANC counts in 67% and Hb
in 100% of them. In addition, the ferritin level and
Hb concentration were significantly correlated with
ANC. Both groups with improved ANC and without
improvement in ANC had a similar increase in Hb
concentration and serum ferritin after iron therapy.
In support of our findings, one study found that more
than 2% of patients who had incidental adulthood neu-
tropenia also had IDA. Typically, the neutrophil count
for these patients will be improving when treated with
iron replacement therapy (29).

Iron is an important factor in many pathways and
the effects of iron deficiency on bone marrow functions
other than erythropoiesis are not well defined. It was
suggested that iron deficiency could impair enzymes
that are involved in leukopoiesis. In the iron-deficient
mouse model, iron deficiency has been shown to affect

erythro-myeloid progenitors significantly which could
leads to iron deficiency (2, 16, 30, 31).

Iron is also an essential element of the immune
cell function. Iron deficiency may suppress the immu-
nological response to pathogens and increase the sus-
ceptibility to infection (32, 33).

Several reports have shown a correlation between
immune cell function and iron concentration. Low
iron levels may lead to macrophage and neutrophil
dysfunction. “Iron levels have also been shown to alter
the proliferation of Tyy; and Ty, subsets, likely related
to the difference independence of cells on transferrin-
related iron uptake” (34-36). Furthermore, iron is an
essential nutrient for the growth of various pathogens
(37, 38). During infections, the availability of iron af-
fects both the pathogen proliferation and eflicacy of
antimicrobial immune pathways (37, 38). Longitu-
dinal studies of iron therapy are inconclusive; either
showed beneficial effects (39), no effect (40), or a
worsensing (41), In our study, 7 out of 80 (8.75%) pa-
tients with IDA and leukopenia, 8 out of 64 (12.5%)
of patients with IDA and neutropenia, and 4 out of
20 (20%) of patients with IDA and lymphocytopenia
presented an infection (respiratory tract infections,
urinary tract infection, gastroenteritis, lymphadenitis
at the time of presentation) at first examination. All
were commonly treatable and did not result in serious
complications.

Our study presents some limitations because it
included only females, which can impair the general-
izability of the results. However, IDA affects mainly
women and it would be diflicult to perform a balanced
analysis if males are included as their sample size
would be smaller.
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In addition, this is an observational study that
would limit the causality addressing the given clini-
cal question. Therefore, further studies, especially con-
trolled ones, are required to confirm our findings. Spe-
cific patterns can be found if flow-cytometry is done to
those patients with IDA and cytopenia.

Conclusion

In our study, neutropenia occurred in 4% of pa-
tients with IDA. Iron therapies led to the correction of
anemia in 100% and increased ANC in 67% of them.
Therefore, neutropenic women with iron deficiency
should be treated, initially only with iron, and ob-
served for their Hb and ANC responses before start-

ing any other treatment.
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