Fakoya et al., Pan African Journal of Life Sciences (2025): 9(1): 343-348
DOI: 10.36108/pajols/5202/90.0160

www.pajols.org
Publication of Faculty of Basic Medical Sciences and Basic Clinical Sciences , Online ISSN:2672-5924
Ladoke Akintola University of Technology, Ogbomoso et
Schences, LAUTECH
RESEARCH Open Access

Iron, Vitamin B12, and Folic Acid: Involvement in the Anaemic Presentation Associated with Leukaemia

Olatunde Fakoya'?, Nneka N. Osobukola', Stella S. Rwezaula', Comfort Folorunso', Tolu Adetoro®, Oloruntoba
Ekun®, Ann Ogbenna3 and Oluyemi Akinloyel’ 2

! Center for Genomics of Non-communicable Diseases and Personalized Health Care, University of Lagos, Akoka, Lagos,
Nigeria.

2Clinical Chemistry and Molecular Diagnosis Unit, Department of Medical Laboratory Sciences, Faculty of Basic Medical
Sciences, College of Medicine of the University of Lagos, IdiAraba, Lagos, Nigeria.

3Department of Haematology, Faculty of Clinical Sciences, College of Medicine of the University of Lagos, IdiAraba, Lagos,
Nigeria.

*Correspondence should be addressed to Oluyemi Akinloye: oakinloye(@unilag.edu.ng
Received Sth February 2025; Revised 30th March 2025; Accepted 2nd April 2025

© 2025 Fakoya et al. Licensee Pan African Journal of Life Sciences an official publication of Faculty of Basic
Medical Sciences, Ladoke Akintola University of Technology, Ogbomoso. This is an Open Access article dis-
tributed under the terms of the Creative commons Attribution License (https://creativecommons.org/licenses/
BY/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

ABSTRACT

Background: Iron, vitamin B12, and folic acid are essential micronutrients with biologic roles critical for cellular develop-
ment, proliferation, and survival. In haemopoiesis, prolonged depletion is associated with dysfunctional erythropoietic differ-
entiation and maturation. This study evaluates nutritional microelements; iron, vitamin B12, and folic acid in leukaemia pa-
tients and investigates their involvement in the anaemia observed in leukaemia

Methods: The case-control study involves fifty-three volunteers living with leukaemia and forty-five apparently healthy
participants, age and sex matched as cases and controls. Leukaemia diagnosis was by microscopic examination of subjects’
peripheral blood and bone marrow stained slides in addition to evidence of clinical manifestations of the disease. Peripheral
whole blood was collected for a complete blood count (CBC) test and estimated using a 5-part differential haematology ana-
lyzer. At the same time, serum samples were processed for serum iron, vitamin B12, and folic acid using ELISA method. The
data was analysed by SPSS version 25.

Results: Complete blood count results showed statistically significant (P<0.01) reduction in haemoglobin concentration
(9.94+2.1Vs13.11+1.4g/dl), haematocrit (30.50+6.3Vs39.09+4.1%), total red cell count (3.63+0.8Vs4.73+0.7x1012/L) and
mean cell haemoglobin concentration (33.10+3.6Vs33.44+7.6g/l) in cases when compared with controls. Serum iron
(57.18+21.8Vs18.96+6.8 pmol/L) was markedly elevated (P<0.01) in leukaemia. Vitamin B12 and folic acid showed signifi-
cant differences among the leukaemia subtypes, with increments in chronic leukemias for both parameters compared to the
acute types.

Conclusion: Our findings showed non-responsive normocytic normochromic anaemia in leukaemia, with markedly elevated
serum iron, implicating a severe circulating iron overload. We hypothesized that supplementation with these micronutrients is
not beneficial for managing anaemia in Leukaemia.

Keywords: Leukaemia, Anaemia, Micronutrients, Iron, Vitamin B12, Folate

Pan African Journal of Life Sciences Volume 9 (Issue 1) April 2025



Fakoya et al., Pan African Journal of Life Sciences (2025): 9(1): 343-348

1.0 INTRODUCTION

Leukaemias are a heterogeneous group of hematological
disorders arising from the malignant transformation of
bone marrow hemopoietic stem cells [1]. They account
for 2.5% of all cancers worldwide and 3.2% of global
deaths [2]. In Nigeria, Leukaemia is ranked the sixth
most common cancer, with an incidence rate of 2.7% [3].
Considering currently available resources for diagnosis
and management, the rising incidence of leukaemia in
Africa remains a cause for concern in the foreseeable fu-
ture [4].

Initial patient workup requires blood cell count, peripher-
al blood smear, and bone marrow review for leukaemia
diagnosis; further assessment may then be required for
leukaemia classification, prognostication, or target-based
treatment [5, 6]. Presumptive laboratory diagnosis at
presentation shows clear evidence of anaemia and throm-
bocytopaenia, with varying distribution of atypical white
cell population depending on the type of leukaemia [7].

Studies have implicated anaemia as a common finding
and a significant cause of morbidity in patients with leu-
kaemia. Some associated causes include marrow infiltra-
tion by dysfunctional leukemia cells, co-existing infec-
tions, the effect of therapy, and nutritional defects,
amongst others [8].

Nutritional microelements are essential co-factors respon-
sible for several cellular and metabolic activities in the
body [9]. Although required in small quantities, their im-
pact on health is critical, and deficiency may result in
severe life-threatening conditions [ 10]. Iron, Vitamin B12
(cyanocobalamin), and Vitamin B9 (folate) are essential
micronutrients that play important roles in cellular divi-
sion, DNA synthesis, cellular lineage speciation, matura-
tion, and cell survival, with well-established involvement
in haematopoiesis [11]. Specifically, Iron is an essential
component of haemoglobin protein [12, 13], while eryth-
roblast requires vitamin B12 and folic acid for prolifera-
tion during differentiation [14]. Deficiencies in these mi-
cronutrients are responsible for impaired erythrocytes
development and consequent anaemia. This study as-
sessed nutritional markers including iron, vitamin B12
and folic acid in leukaemia and their contribution to the
anaemia observed in leukaemia.

2.0 METHODOLOGY

The multi-center, case-control study enrolled leukaemia

patients stratified into four major sub-types: acute myelo-
blastic leukaemia (AML), acute lymphoblastic leukaemia
(ALL), chronic myelocytic leukaemia (CML) and chronic
lymphocytic leukaemia (CLL) with age and sex matched,
apparently healthy individuals as controls. Subjects were
recruited from the haematology wards and clinics of La-
gos University Teaching Hospital (LUTH), Lagos State
University Teaching Hospital (LASUTH) and University
College Hospital (UCH), Ibadan, Oyo State. Ethical ap-
proval was obtained from the institutional ethical review
board of the respective study locations: LUTH (CMUL/
HREC/05/21/851), LASUTH (LREC/06/10/1714) and
UCH (UI/EC/21/0349). Participants’ consents were re-
quested before involvement in the research process. Sam-
ple size was determined according to Charan and Biswas,
[15]. Patient recruitment was done post diagnosis follow-
ing a peripheral blood assessment and bone marrow biop-
sy [16], confirming leukaemia and review of patient clini-
cal information to satisfy criteria for inclusion. Five (5)
mls of peripheral blood was collected aseptically from the
ante-cubital veins of study participants and transferred
into ethylene diamine tetra-acetic acid (EDTA) and se-
rum separating tube (SST) bottles labelled with partici-
pants’ research code number. Samples in EDTA were
immediately processed for complete blood count analysis
while samples in SST were centrifuged for 15 mins at
4000rpm and serum stored at -20 degree Celsius. Serum
samples were used for estimation of serum iron
(colorimetry, Fortress Diagnostics), Vitamin B12 and
Folate were estimated by enzyme linked immunosorbent
assay (ELAB Bioscience) using Mindray MR-96A semi-
automated immunoassay reader. All assays were carried
out at the research laboratory of the Center for Genomics
of Non-communicable Disease and Personalized
Healthcare (CGNPH), University of Lagos, Nigeria. Pro-
tocols employed for each assay were standardized for
both research and diagnostic purposes. Complete blood
count test was measured using fully automated haematol-
ogy counter (Aperture impedance, flow cytometry, chem-
ical dye and laser light scatter) at the respective study
centers.

Data was analysed using statistical software packages:
SPSS for Windows (version 24: SPSS Inc., Chicago, IL).
Results were expressed by mean and standard deviation.
Test for significance comparing cases and controls and
subgroups using student t-test and ANOVA defined as
P<0.01.
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3.0 RESULTS

A total of fifty-three (53) leukaemia (cases) and forty-five
(45) controls were employed for the study. Leukaemia
group was further stratified into AML, ALL, CLL and
CML sub types (Figure 1).
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Figure 1. Percentage Distribution of Leukaemia types in
study population

Comparative analysis of mean red blood cell parameters
between leukaemia and control as summarized in Table 1
showed significant reduction (P<0.01) in haemoglobin
concentration (Hb), haematocrit (HcT), total red blood
cell (RBC) and mean cell haemoglobin concentration

(MCHC). Red cell distribution width (RDW-CV) was
increased in leukaemia (P<0.01) while mean cell volume
(MCV) and mean cell heamoglobin (MCH) showed no
significant differences in both groups.

Serum iron was markedly elevated (P<0.01) in leukaemia
(57.18+21.8 Vs 18.96+6.8) umol/L. when compared with
control participants. A corresponding pattern was also
found in ferritin in leukaemia (242.93+£52.1 s
215.07435.1) (Figure 2). We did not observe significant
difference in Vitamin B12 and folic acid in leukaemia and
control groups (Figure 2).

P<0.01

Concentration

Serum Iron (umol/L) Vitamin B12 (pg/dL)

Folate (ng/ml)

® Leukaemia M Controls

Figure 2. Comparing Nutritional microelements between Leukemia
and Control Experiment
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Table 1. Comparative analysis of red cell parameters in Leukemia
and control participants

Leukaemia (53) Control (45) p-
Parameters t-value
Mean+SD Mean+SD value
<0.01
Hb(g/dl) 9.94+2.1 13.11+1.4 8.084 .
<0.01
PCV (%) 30.50+6.3 39.09+4.1 7.458 .
12 <0.01
RBC (X10™) 3.63+0.8 4.73£0.7 6.844 .
MCYV (Fl) 84.74+8.9 84.24+7.1 0.290 0.773
MCH (Pg) 27.78+2.8 28.18+2.4 0.717 0.475
247.12 <0.01
MCHC (g/L)  33.10£3.6 33.53+7.6 : .
<0.01
RDW-CV 17.1243.6 8.50+0.0 14.492

However, both parameters (vitamin B12 and folic acid)
showed statistical difference (P<0.01) between the leu-
kaemia sub types; AML, ALL, CLL and CML respective-
ly. Vitamin B12 level had significant increment in CML
(768.91 pg/dL) compared to ALL (607.02 pg/dL) and
AML (343.67 pg/dL) sub-types in this study, similarly
folic acid was significantly low in AML (11.16 ng/dL)
compared to ALL (27.58 ng/dL) and CLL (47.0 ng/dL).
Besides positive correlations within the RBC parameters,
there was no statistical correlation between the micronu-
trients and markers of anaemia in the leukaemia group
(Table 2).

Table 2. Comparing Nutritional Micronutrients (Iron, vitamin B12
and Folic acid) amongst Leukaemia sub types

Parame- AML ALL CML CLL P-Value
ters
Serum 47.60+ 59.3245. 58.54 54.30+£5. 0.243
Iron 5.1 8 +5.5 7
Vita- 3437+ 60.70+£7. 76.89+9 37.48+8. <0.01*
minB12 5.7 3 .6 2
(pg/dL)
Serum 11.16£ 19.58+4. 26.36+5 46.99+8. <0.01*
Folate 3.6 2 9 5
(ng/mL)

4.0 DISCUSSION

It is documented that individuals with leukaemia experi-
ence multiple symptoms at diagnosis, during treatment,
relapse and remission [17]. The intensity of symptoms is
a direct consequence of severity or stage of the leukaemia
type as shown by the extent of metabolic distortions in-
duced by the disease. Our study considers the resultant
effects of metabolic imbalance observed in leukaemia
which may alter bioavailability of essential nutrients such
as Iron, Folic acid and vitamin B12 for normal erythro-
poiesis and consequent anaemia in leukaemia.
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This study further supports the body of knowledge, es-
tablishing anaemia as a common finding in leukaemia
[18, 19]. Anaemia is defined as a reduction in haemoglo-
bin concentration, total red cell volume and haemtocrit
[20]. Several studies have attributed anaemia occurring
in leukaemia to coexisting infections, overcrowding of
the marrow by defective cells, some nutritional deficien-
cies resulting from malabsorption or loss of appetite,
chemotherapy or overbearing effects of the leukaemic
cells [21]. Premature removal of circulating abnormal red
blood cells in the peripheral system may also explain
dysfunctional erythropoiesis in leukaemia. The anaemia
observed in this study is a normocytic- normochromic
type evidence by the non-significant difference in mean
cell haemoglobin and mean cell volume between leukae-
mia and control individuals. Iron is an essential element
for almost all living organisms and participates in a wide
variety of metabolic processes [12]. It is carried by plas-
ma protein transferrin and bound to erythroblast for hae-
moglobin formation. About 75% of iron is required for
haemoglobin synthesis. Owing to its ability to form free
radicals and induce cellular damage, serum iron stores
are tightly regulated by the iron metabolic pathway [22].
In the present study, we observed severe serum iron
overload in all the leukaemia types (AML, ALL, CML
and CLL). This finding agrees with current research that
documents dysregulation of iron metabolism in leukae-
mia [8]. Manz and Hole in separate studies reported that
accumulated serum iron may be linked to initiation and
progress of leukaemia, either by promoting leukaemic
cell proliferation and or trigger cell damage via reactive
oxygen generation [23, 24]. These two possibilities are
important in the survival of leukaemic cells and may de-
termine the overall outlook of the patient. The impact of
ROS generated iron mediated reaction may further distort
other cellular signalling pathways involved in erythropoi-
etic activity [25]. Besides, reactive oxygen creates an
unstable environment for circulating red blood cells in
the peripheral circulation. According to Gwozdzinski et
al., 2021, increased reactive oxygen creates a massive
redox imbalance within the red cell environment, limit-
ing the cell's antioxidative potential; This interferes with
RBC membrane proteins, increasing fragmentation and
eventual haemolysis [26]. High levels of vitamin B12
have been documented in several solid tumours, haema-
tological malignancies, and other non-malignant disease
[27, 28]. This study showed increased vitamin B12 in
leukaemia with significant elevation in chronic myeloid
leukaemia, compared with other leukaemia subtypes. Our

finding remains consistent with Arendt et al.2013) who
observed elevated plasma vitamin B12 levels in various
cancers, specifically within the first year of diagnosis for
haematological malignancies [29]. Although, the rela-
tionship between leukaemia and vitamin B12 is still
poorly understood, we propose that increased vitamin
B12 in cancers may be associated with increased vitamin
B12 binding protein Haptocorrin. Vitamin B12 com-
plexed with Haptocorrin does not bind to erythroblast
and therefore not available for erythropoiesis, this may
explain the non-significant increase in vitamin B 12 and
anaemia observed in this study [30]. Our findings on re-
duced folic acid in acute leukaemia compared to chronic
types clearly explains increased utilization of folic acid
metabolites by the rapidly proliferating malignant cells
and agrees with Rose [31] that observed folic acid defi-
ciency with abnormal erythropoiesis in acute leukaemia
(AML) and reduced folic acid but with normoblastic
erythropoiesis in chronic lymphocytic leukaemia [31].

In conclusion, our study showed normocytic normo-
chromic anaemia in leukaemia, accompanied by severe
iron overload. Erythroid cells' susceptibility to continu-
ously generated reactive oxygen is evidenced by dys-
functional erythropoiesis and circulatory red cell destruc-
tion, contributing to the anaemia, with Vitamin B12 and
folic acid utilization shift. The anaemia therefore may not
respond to supplementation with iron, vitamin B12 or
folate micronutrients.
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