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Background: Iron deficiency plays an important role in our body’s immunity. Several studies have shown that it is frequently
associated with infections.

Objective: This study aimed to discover the effect of iron deficiency on immunity by demonstrating changes occurring in lymphocyte
subsets among patients with an established diagnosis of iron deficiency.

Methods: A total of 64 iron-deficient patients and 19 healthy controls were included. Complete blood counts, serum iron, ferritin, and
total iron-binding capacity were assessed. Lymphocyte subsets were evaluated by flow cytometry.

Results: Among iron-deficient patients, the anemic ones (Hb <11 g/dL) showed significantly lower absolute lymphocyte
counts (p=0.013), lower relative and absolute NK-cell counts (p=0.025 and p=0.003, respectively), higher relative T-cell and CD4"-
cell counts (p=0.026 and p=0.002, respectively). B cells and CD8" T cells were not affected by any iron-deficiency indicators. Iron-
deficient anemia patients showed a three- to fourfold increase in risk of having recurrent infections.

Conclusion: Iron deficiency has an obvious effect on lymphocyte subsets. Changes in lymphocyte subsets started mainly in response
to decreased hemoglobin, rather than decreased ferritin and/or iron. Synchronously decreased hemoglobin and increased total iron-
binding capacity led to absolute decreases in total lymphocytes, mainly NK cells, and relative increases in T cells, mainly the helper
ones. Monitoring changes in lymphocyte subsets may be helpful in identifying patients at risk of recurrent infections.
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Introduction

Deficiencies in various vitamins and minerals can influence the human body by different mechanisms. Although iron is
the most abundant metal on earth, iron deficiency is common clinical condition seen almost daily in clinical practice. It
has impacts on both physical and mental development, as well as work performance, especially in children and
premenopausal women. Beside its role in red blood—cell formation, iron plays an important role in our defense
mechanism in different ways. Worldwide, several observational studies have shown that iron deficiency is frequently
associated with increased susceptibility to infection.'> Omara and Blakely showed that there was impaired lymphocyte
proliferation in rats fed iron-depleted food compared to those fed a regular diet. They also showed that iron deficiency
can cause thymic atrophy in animals.* Sejas et al observed that children with iron-deficiency anemia had significantly
lower lymphocyte counts than controls.” Other studies have been done on pregnant females with iron-deficiency anemia
and found decreased T-cell counts and CD4:CDS ratios.’ There is a complex yet not fully understand relationship
between iron status and immunofunction, and there have not been enough studies to indicate which indicator of iron
deficiency (eg, ferritin level, hemoglobin level, serum-iron level, and total iron-binding capacity [TIBC]) initiates these
changes in lymphocyte subsets.® Also, a majority of studies have focused mainly on pediatric age-groups rather than
adult cases. The objective of this study was to highlight and expand knowledge about the effect of iron deficiency on
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immunity by demonstrating any changes that might occur in patterns of lymphocyte subsets among patients with an
established diagnosis of iron-deficiency anemia and discover which indicator(s) initiate these.

Methods

This study was conducted at King Fahd University Hospital, Al-Khobar, Saudi Arabia from July 2018 to July 2019. All
inpatients/outpatients of all nationalities presenting during this period and fulfilling our inclusion criteria for possible iron
deficiency were included. The study was approved by the institutional review board (IRB-2019-047-Med) and research
ethics committee of Imam Abdulrahman University, and was conducted in accordance with the Declaration of Helsinki.
Informed consent was obtained from both patients and controls. For participants aged <18 years, informed consent was
obtained from a parent or legal guardian. All data were kept confidential and used for research purposes only.

Inclusion Criteria for Patients

All male and female patients aged >14 years clinically indicated and laboratory-proven to be iron-deficient (ie, with
microcytic hypochromic red blood cells, MCV <80 fL, and serum ferritin <20 ng/mL) were included.”'® All patients
needed to be free of active ongoing infection or parasitic infestation. Patients had to have no history of autoimmune
diseases, malignancies, or other nutritional deficiencies, immunosuppressant drug intake, receipt of radiotherapy or
chemotherapy treatment, and no history of hematinic intake in the preceding 3 months. According to the World Health
Organization definition of anemia (hemoglobin <12 g/dL for female and <13 g/dL for male patients). Accordingly, our
iron-deficient patients were further subdivided into anemic and nonanemic groups where both male and female patients
with hemoglobin <11 g/dL were considered anemic.

Inclusion Criteria for Controls

All apparently healthy asymptomatic persons aged 14-80 years were included as controls provided that their hemoglobin
was >12 g/dL, MCV >80 fL, and serum ferritin >20 ng/mL. Also, they had to have no active ongoing infection and no
history of hemolytic anemia, chronic diseases, infectious diseases, autoimmune diseases, immunosuppressant-drug
intake, or hematinic intake in the preceding 3 months.

Exclusion Criteria for Patients

All patients with known or proven immunodeficiency, autoimmune diseases, chronic systemic illness, active infection or
parasitic infestation, possible thalassemia traits, malignancies, protein— energy malnutrition, or other nutritional defi-
ciencies are excluded. Those who had received IV iron or hematinic in the previous 3 months and those with a history of
immunosuppressant-drug intake, chemotherapy, or radiotherapy were also excluded.

Blood Sampling

Venous blood samples were collected from patients and controls in EDTA tubes under aseptic conditions for processing.
The samples were sent to the laboratory for complete blood counts, serum ferritin, serum iron, TIBC, and flow-cytometr
y analysis for lymphocyte subsets. All samples of flow cytometry were taken and analyzed within 24 hours of
collection. Complete blood counts were performed using an automated blood counter (Beckman Coulter). Serum
ferritin was measured using an Architect ferritin-assay kit with chemiluminescent microparticle-immunoassay technol-
ogy. Other iron profile parameters (serum iron and TIBC) were measured with a Dimension analyzer using spectro-
photometry. Lymphocyte-subset enumeration was done using flow-cytometry analysis with a four-color panel
FACSCalibur with CellQuest or MultiSet software. Lymphocytes were gated as CD45-positive cells with low side-
scatter. B and T lymphocytes were separated using CD3 and CD19 markers. T-helper and cytotoxic T cells were
separated using CD4 and CDS8, where cells that were CD3/CD4" were considered T-helper cells and those that were
CD3/CD8" considered cytotoxic T cells. Natural killer (NK) lymphocytes were identified using CD3-CD16" and/or
CD56" cells. Percentage counts were calculated using CD45/side-scatter gating in which lymphocytes were showed
bright CD45 and very little side-scatter. Absolute counts were determined by comparing cellular events to bead events
automatically.
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Table 1 Demographic data

Iron-deficient patients Controls

n=64 % n=19 %
Age, years
14-19 6 9.4 0 0
20-29 14 21.9 | 5.3
30-39 21 32.8 13 68.4
4049 17 26.6 2 10.5
50-59 4 6.3 3 15.8
>60 2 3.1 0 0
Sex
Male [ 1.6 4 21.1
Female 63 98.4 15 789

Statistical Analysis

The dependent variable was lymphocyte subsets change and the independent variables age, sex, hemoglobin level,
serum-ferritin level, serum iron, and TIBC. Data were checked, entered, and analyzed using SPSS 25. Continuous
variables are presented as means + SD. Categorical variables are presented as numbers and percentages. Unpaired
t-tests and x* tests were used to test for significant differences in hemoglobin level, MCV, platelet count, serum iron,
TIBC, ferritin, and lymphocyte-subset indicators (changes) between the study groups. Logistic regression was used to
estimate the risk of recurrent infection in relation to anemia and iron-deficiency indicators. All regression models were
adjusted for sex and age. p<0.05 was considered statistically significant.

Results
Demographic Data Analysis

A total of 64 patients with who presented to hematology and family medicine clinics in our hospital with confirmed iron
deficiency met the inclusion criteria (Table 1). Mean age was 35.66+£12.11 (14-72) years. Patients were divided into
anemic and nonanemic groups according to the World Health Organization definition of anemia (hemoglobin <12 g/dL
for female patients and 13 g/dL for male patients). In this study, both male and female patients with hemoglobin <11 g/dL
were considered anemic: 44 (68.8%) met this criterion. Our controls comprised 19 apparently healthy adults fulfilling our
inclusion criteria. The mean age of the controls wass 38.214+8.33 (25-52) years Table 1).

Descriptive Analysis

Iron-deficient patients had significantly lower hemoglobin concentrations, MCV, MCH, serum ferritin, and serum iron
than controls. On the other hand, iron-deficient patients had significantly higher TIBC than controls (Table 2). There
was no statistically significant difference between patients and controls for platelet count (p=0.215, Table 2).

No lymphocyte subsets showed statistically significant differences between iron-deficient patients (low ferritin) and
controls (Table 3).

In Table 4, the studied lymphocyte-subset parameters in relation to hemoglobin levels among our iron-deficient
patients are shown. Anemic patients tended to have significantly lower absolute lymphocyte counts than nonanemic ones.
Also, there were statistically significant differences between anemic and nonanemic iron-deficient patients on relative
T-cell counts, relative and absolute NK-cell counts and relative CD4-positive counts (Table 4). There were no statistically
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Table 2 Hematological parameters

Iron-deficient patients, n=64 Controls, n=19 p
Mean SD Mean SD
Hb (g/dL) 9.69 1.87 12.34 2.18 <0.001
MCV (fL) 69.9 8.62 828 6.83 <0.001
MCH (pg) 22.13 3.56 27.32 2.95 <0.001
Serum iron (ug/dL) 32.34 27.07 59.05 41.71 0.001
TIBC (ug/dL) 405.13 106.94 332.84 73.15 0.007
Ferritin (ng/mL) 13.82 45.87 103.94 109.70 <0.001
Platelets (10%/uL) 286.23 109.58 253.84 47.98 0.215
Note: Bold font indicates statistical significance.
Table 3 Lymphocyte-subset parameters
Iron-deficient patients (low Controls, n=19 P
ferritin), n=64
Mean SD Mean SD
WABCs (10%/uL) 6.37 2.63 6.62 3.18 0.738
Lymphocyte count (10%/uL) 3.205 1.6l 2.757 10.21 0.133
T-cell % 74.32 7.46 75.05 4.94 0.690
T-cell absolute count (cells/pL) 1,439.07 483.38 1,352.97 455.17 0.497
B-cell % 13.67 5 12.99 5.599 0.617
B-cell absolute count (cells/uL) 271.06 141.37 236.24 124.20 0.336
NK-cell % 11.44 6.79 11.21 4.73 0.887
NK-cell absolute count (cells/puL) | 227.36 166.94 201.45 100.45 0.523
CD4% 44.01 6.80 43.59 6.37 0.812
CD4 absolute count (cells/pL) 858.82 311.48 791.19 302.50 0.405
CD8% 29.56 7.47 30.08 6.69 0.788
CD8 absolute count (cells/pL) 572.43 232 535.71 214.15 0.540
CD4:CD8 ratio 1.62 0.60 1.57 0.69 0.770

significant differences between anemic and nonanemic iron-deficient patients on B-cell counts, CD8-positive cell counts,

or CD4:CDS8 ratio (Table 4).

Logistic Regression Results

Finally, risk based on history of recurrent infections (two or more severe infections in 1 year or a need for antibiotics for
2 months/year) in relation to iron-deficiency indicators was estimated by logistic regression (Table 5). The results showed
that with Hb <11 g/dL the risk of having recurrent infections was significantly elevated (OR 2.55, CI 1.03-6.26;
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Table 4 Lymphocyte-subset parameters in relation to hemoglobin level among iron-deficient patients

Nonanemic (Hb >11 g/dL) iron-deficient | Anemic (Hb <I1 g/dL) iron-deficient | p
patients, n=20 patients, n=44
Mean SD Mean SD
WABCs (10%/uL) 5.47 1.56 6.78 292 0.064
Absolute lymphocyte count (10%/uL) | 3.733 12.12 2.965 10.65 0.013
T-cell % 7128 9.02 75.71 6.26 0.026
T-cell absolute count (cells/pL) 1,498.91 526.031 1,411.88 466.38 0.509
B-cell % 13.80 5.95 13.61 4.58 0.890
B-cell absolute count (cells/pL) 284.17 125.37 256.10 149.06 0.621
NK-cell % 14.24 9.26 10.17 4.94 0.025
NK-cell absolute count (cells/pL) 316.34 231.89 186.92 108.24 0.003
CD4% 40.18 7.15 45.75 5.93 0.002
CD4 absolute count (cells/pL) 830.96 268.01 871.48 331.49 0.633
CD8% 29.86 8.03 29.43 7.30 0.836
CD8 absolute count (cells/uL) 632.15 270.97 545.28 209.77 0.167
CD4:CD8 ratio 1.48 0.64 1.68 0.58 0.213

Note: Bold font indicates statistical significance.

Table 5 Risk based on history of recurrent infections in relation to iron-deficiency
indicators on logistic regression

History of recurrent infections
OR Cl p
Hb (g/dL) 2.55 1.03-6.26 0.041
Serum ferritin (ng/mL) 3.70 1.26-10.83 0.01
Serum iron (ug/dL) 0.38 0.14-1.03 0.059
TIBC (ug/dL) 0912 0.32-2.59 0.86

Notes: Bold font indicates statistical significance.

p=0.041), as well as for ferritin<20 ng/mL (OR 3.70, CI 1.26-10.83; p=0.01). However, there were no significantly
elevated risks associated with history of recurrent infections with decreased serum-iron or increased TIBC levels.

Discussion

It is well known that women of reproductive age and children are more prone to iron-deficiency anemia. Iron is
considered an important element not only for DNA synthesis and RBC formation but also for immune-system
integrity." ' As we know, peripheral lymphocytes play an important role in the body’s defenses against infections.
The mechanism by which iron deficiency affects these lymphocytes is not well understood. To investigate the important
role of iron deficiency and its effects on immunity, this study analyzed the distribution of lymphocyte subsets and their

correlations with iron-deficiency indicators, ie, hemoglobin, serum ferritin, serum iron, and TIBC.
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There were statistically significant differences in absolute lymphocyte, relative T-cell, relative CD4"-, relative NK-
cell, and absolute counts between anemic (Hb <11 g/dL) and nonanemic iron-deficient patients. Absolute lymphocyte
counts in anemic patients were significantly lower than nonanemic ones (p=0.013). This is similar to the results of
previous studies.'*™'” Also, relative T-cell counts were significantly higher in anemic than nonanemic patients (p=0.026).

151819 van Heerden et al discovered

This finding is consistent with the results of Sejas et al, Attia et al, and Berger et a
that T-cell proliferation was higher among iron-deficient patients.”’ This finding was confirmed by Attia et al, who found
that there was an increase in immature T-cell marker CDla in iron-deficient patients.'® In our results, relative CD4-
positive cell counts showed statistically significant differences between anemic and nonanemic patients (p=0.002). Both
relative NK-cell and absolute counts were significantly lower in anemic patients than nonanemic ones. To the best of our
knowledge, no study has highlighted changes in NK cells in relation to Hb-level changes in humans. Sherman et al and
Spear et al studied this relationship only in rats fed iron-depleted food. Both studies highlighted impairment of NK-cell
function (cytotoxicity killing power), rather than count.?'-*?

Differences in means of lymphocyte-subset parameter between patients and controls were not statistically significant.
These results are consistent with Ekiz et al, Mohri et al, and Thibault et al who reported that no statistically significant
differences in lymphocyte subsets between patients with low ferritin and controls.***-** Our results showed no
statistically significant difference in lymphocyte subsets between patients with low serum iron and patients with normal
serum iron. There were no statistically significant differences between anemic and nonanemic iron-deficient patients in
relative or absolute B-cell counts (p=0.89 and p=0.621, respectively). These results matched those of Beard et al, who
concluded that B cells (arm of humoral immunity) seemed less likely to affected by iron deficiency than T cells (arm of
cell-mediated immunity).>

In this study, it was quite obvious that the changes in lymphocyte subsets started mainly in response to
decreased hemoglobin levels, rather than decreased ferritin and/or iron levels. The decreased hemoglobin led to absolute
decreases in total lymphocytes and NK cells and a relative increase in CD4" T-helper cells. Synchronously, increased
TIBC levels leads to an absolute decrease in NK cells and relative increase in T cells. B cells were not affected by any of
the iron-deficiency indicators. To our knowledge, no studies have highlighted the risk of recurrent infections in iron-
deficiency anemia in adults. Therefore, it was interesting to investigate the relationships between the risk associated with
a history of recurrent infections and iron-deficiency indicators in this study. Our results showed that there was a
statistically significant increase in risk associated with a history of recurrent infections among iron-deficient patients
with decreased Hb and/or ferritin levels. In addition, upper respiratory tract and urinary tract infections were the most
common infections reported by the iron-deficient patients.

Recommendations

1. Future studies with larger samples and higher proportion of male sex would be more informative.

2. Studying the effect of iron deficiency on lymphocyte subsets in pediatric age-groups would be extremely
beneficial.

3. For all iron-deficiency anemia patients, monitoring lymphocyte-subset changes may predict the risk of recurrent
infections.

4. Further similar studies are recommended to explore changes in lymphocyte subsets in relation to anemia other than
iron deficiency, particularly for those patients with anemia of chronic diseases.

Conclusion

Iron deficiency has an obvious effect on lymphocyte subsets. Among iron-deficiency indicators, decreased hemoglobin
level seems to be the driving force that initiates changes in lymphocyte subsets, rather than decreased ferritin and/or iron
levels. Generally, synchronously decreased hemoglobin levels led to absolute decreases in total lymphocytes, mainly NK
cells, and relative increases in T cells, mainly the helper ones. Meanwhile, B cells were not affected by any of the iron-
deficiency indicators. Furthermore, there was a three- to fourfold increase in risk of recurrent infections among patients
with iron-deficiency anemia.
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