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Abstract—Two important health problems are iron deficiency
anemia and vitamin D deficiency, as well as the ability to cope
with acute and chronic diseases, because iron and vitamin D are
the main elements of physiological functions in the human body.
Recent studies have indicated that generalized IDA in both healthy
and diseased populations may be associated with inadequate levels
of VD. The research comprised 132 participants, 65 with IDA and
67 controls, the study was conducted in a competent cross-sectional
design, between the two groups matched by age and gender. The
laboratory findings included the study of blood indices. Ferritin,
iron, hemoglobin, mean corpuscular volume, red cell distribution
width, and VD levels were measured for each participant. Iron
metabolism markers showed highly significant variations between
the groups. Patients with IDA exhibited considerably lower levels
of iron indicators than the healthy control group, except for total
iron binding capacity (TIBC), which was increased among the
patients. The normal control group showed substantially higher
serum VD levels than patients with iron deficient anemia (p <0.035).
This distinction suggests a high positive link between VD levels
and iron metabolism markers, except for TIBC, which exhibited a
negative correlation. The results showed a significant correlation
between VD levels and several iron metabolism markers in the
research participants. This suggests that VD may affect how iron is
metabolized and help treat IDA. To fully understand the underlying
mechanisms and any therapeutic benefit, further research is needed.

Index Terms — Anemia, Hemoglobin Ferritin, Iron
deficiency, Vitamin D deficiency.

I. INTRODUCTION

Vitamin D deficiency (VDD) and iron deficiency anemia
(IDA) are two of the most common nutritional disorders
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globally, particularly in developing countries such as Iraq.
IDA, marked by impaired hemoglobin (Hb) production and
oxygen transport, is often linked to poor dietary iron intake,
impaired absorption, or chronic blood loss (Mohsen and
Aljoofy, 2020). VDD, besides causing skeletal disorders,
is also associated with extraskeletal complications such
as inflammation, immune dysfunction, and altered iron
metabolism. Recent studies suggest a complex interplay
between Vitamin D (VD) and iron homeostasis, indicating
that VDD may influence gene expression related to iron
absorption and regulation (Caprio, et al., 2017). In addition,
VD may modulate inflammatory responses, which further
affects iron metabolism. This bidirectional relationship
highlights the importance of simultaneously assessing both
deficiencies, particularly in Iraq, where undernutrition and
adverse environmental, nutritional, economic, and social
factors contribute to widespread micronutrient deficiencies
(Musaiger, Hassan and Obeid, 2011). Developing integrated
nutritional interventions targeting these deficiencies is
essential, especially for wvulnerable populations such as
children and elderly women. It plays an indispensable
role in maintaining physiological homeostasis, and its
deficiency can disrupt these vital functions, leading to IDA
(Crichton, et al., 2002). IDA remains the most prevalent
nutritional deficiency worldwide, contributing significantly
to global morbidity and mortality, especially in vulnerable
populations such as children, women of reproductive age,
and individuals with chronic illnesses (Killip, Bennett
and Chambers, 2007). The consequences of IDA extend
beyond hematologic abnormalities, encompassing impaired
cognitive function, delayed growth and development, and
compromised immune response (Al-Zuhairy, et al., 2022).
Iron homeostasis is tightly regulated by the digestive system,
with iron absorption modulated according to the body’s
physiological needs. In addition, iron plays a critical role in
neural development, myelin synthesis, and neurotransmission
(Jauregui-Lobera and treatment, 2014). VD, a fat-soluble
secosteroid, is primarily synthesized in the skin on exposure
to ultraviolet radiation, with smaller amounts derived from
dietary sources. To become biologically active, VD undergoes
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two hydroxylation processes: First in the liver to form
25-hydroxyVD (Abdellateif, et al., 2020), and subsequently
in the kidney to produce the active form, 1,25-dihydroxyVD
(Boettger, et al., 2017) (Goring, 2018, Shobana and Usharani,
2022). Beyond its well-documented role in calcium and bone
metabolism, VD has important immunomodulatory and anti-
inflammatory properties, implicating its importance in overall
health maintenance (El-Sharkawy and Malki, 2020).

Global data from the World Health Organization (WHO)
indicate that anemia affects approximately 42.6% of children
under the age of five, with even higher prevalence rates
reported in the Eastern Mediterranean region (48.6%) and Iraq
(36%) (De Benoist, et al., 2008). Iron deficiency contributes
substantially to this burden, with nearly half of Iraqi children
under five suffering from iron deficiency, particularly in
northern regions (Al-Zuhairy, et al., 2022). Simultaneously,
VDD (VDD) is also a pervasive public health problem,
with up to 40% of children having insufficient VD levels,
and 12.1% classified as VD deficient (Akhtar, et al., 2013).
Notably, emerging research has highlighted the frequent
coexistence of IDA and VDD, particularly in children, raising
important questions about potential interactions between
these two deficiencies (Azizi-Soleiman, et al., 2016).

Although iron and VD metabolism involve distinct
regulatory pathways, recent evidence suggests potential
physiological cross-talk between the two. VD has been shown
to modulate the expression of hepcidin, a key regulator of
iron homeostasis. Specifically, 1,25-dihydroxyVD suppresses
the expression of the hepcidin gene (HAMP), promoting
increased iron absorption and mobilization (Rochette,
et al., 2015). This emerging evidence highlights a potential
bidirectional relationship between VD and iron metabolism,
particularly in populations with high rates of nutritional
deficiencies (Azizi-Soleiman, et al., 2016).

This study provides novel insights into the potential
interplay between VDD and IDA, aiming to enhance the
understanding of micronutrient deficiencies in this population.
Existing evidence on this topic is fragmented, with most
research focusing on pediatric populations, while limited
attention has been given to young adults and middle-aged
groups. In addition, data from resource-constrained settings,
such as Iraq, remain scarce, despite the high prevalence
of both deficiencies in this region. Previous studies have
primarily relied on basic hematological parameters,
overlooking detailed iron biomarkers such as ferritin, total
iron-binding capacity (TIBC), and red cell indices, alongside
VD status. To address these gaps, this study investigates the
relationship between VD levels and a comprehensive panel of
iron metabolism markers in a cross-sectional cohort of Iraqi
patients with IDA, compared to age- and sex-matched healthy
controls. The research employs advanced diagnostic tools and
applies standardized WHO criteria to define both VD and iron
deficiency, ensuring a rigorous and clinically relevant analysis.

II. MATERIALS AND METHODS

This investigation was conducted from August 2023 to
April 2024 in Ranya, Sulaimani, where 132 patients of
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both genders, aged 1-70 years, were randomly admitted to
the clinic of Smart Hospital. Informed consent forms were
distributed to all participants, and each participant signed
the form to indicate their willingness to participate in the
study. A specially designed questionnaire was used during
the patients’ interviews with the doctor to collect information
related to their health status.

Several laboratory tests were performed as part of
this investigation, including Complete Blood Count, iron
levels, TIBC, ferritin, and VD. Based on their iron status,
participants were categorized into two groups: IDA and
normal iron status. IDA was defined as Hb <11 g/dL, while
normal iron status was defined as Hb > 11 g/dL (El-Adawy,
et al., 2019, Auerbach and Adamson, 2016b). The IDA group
included subjects with impaired iron-binding capacity (<15%)
due to infection-related disturbances in iron metabolism.

Ferritin levels were also measured, as ferritin is a key
marker for diagnosing IDA. The normal ferritin range is
30-400 ng/mL for adult males and 13—175 ng/mL for adult
females. For infants, the normal range is 25-200 ng/mL, and
it can reach up to 600 ng/mL after the 1** month (Mathuthu
and Mason, 2021).

In addition, VD status was assessed. VDD was defined as a
level <20 ng/mL, insufficiency as 20-30 ng/mL, and normal
VD as >30 ng/mL (Azizi-Soleiman, et al., 2016, Grygorieva,
et al., 2023).

It is important to note that in some patients, inflammation
can lead to iron metabolism disturbances, resulting in
decreased iron-binding capacity (Chouraqui, 2022, Bacchetta,
et al., 2014b). As a result, individuals with inflammation-
related iron abnormalities were classified appropriately based
on their iron status.

A. Study Design

A detailed study of the complex interactions of low serum
iron status with VDD was carried out. The purpose of this
study provides a detailed comparative analysis of patients
with IDA and VDD. Individuals in attendance: Those with
iron deficiency and VDD were used to sample that 132
people were selected. Every participant carefully provided
their informed consent, which guaranteed a strong ethical
basis.

B. Participants

After enrolling in the study, the 132 individuals were
divided into two groups: Those with low and normal
iron levels. These 65 patients had iron deficiency, while
67 participants had normal iron levels. There were 132
participants, 28 (46.7%) men and 37 (51.4%) women with
iron deficiency, and 32 (53.3%) men and 35 (48.6%) women
were healthy control. Participants ranged in age from 1 to
70 years old.

The study was conducted in compliance with ethical
norms and guidelines. At the time of the investigation, the
patient had given consent. VD and iron deficiency were
diagnosed based on tests and clinical observations. It makes
the diagnosis of iron and vitamin deficiencies dependent on
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laboratory studies. A standardized questionnaire that covered
demographic data, medical history, and test findings was
used to gather data.

C. Data Collection

Patient data were collected using a variety of techniques,
including medical history questionnaires. Additionally, blood
samples were obtained in order to quantify 25-hydroxyvitamin
D (Abdellateif et al.). After that, sterile procedures were used
to remove blood samples from the arm via capillaries, and
vacationer tubes were used to hold them. After the participant
ID number was written on the tubes, they were delivered to a
laboratory for testing.

Data were collected over eight months. Participants were
recruited and their eligibility was checked throughout this
period. After identifying eligible participants, they followed
the necessary data collection procedures and were included
in the study. To maintain participant privacy, all patient data
were uniformly collected and kept private and safe.

D. Ethical Approval

The Raparin University Faculty of Science’s ethics
committee formally approved the study idea. Before any
samples were collected, all participants provided informed
written consent. In addition, all procedures adhered to Iraqi
regulations and protocols for biomedical research.

E. Statistical Analysis

Version 23 of the SPSS statistical program (IBM
Corporation, Armonk, NY, USA) was used to analyze the
data. The continuous variables between normal controls and
patients with iron-deficiency anemia were compared using
the independent t-test. Mean + standard deviation was used
to report the results. The categorical variables in the two
groups were compared using the Chi-square test. Potential
correlations between the analyzed parameters were evaluated
using Pearson correlation evaluation, with a significance
level of p < 0.05.

II1. RESULTS AND DISCUSSION

This investigation included two groups: Iron deficiency
anima (n = 65) and healthy control (n = 67). The groups
under study shared in the Table I the following general
characteristics:

Our result according to VD included three groups: Optimal
(n = 17), intermediate (n = 13), and deficiency (n =35).
The groups under study shared in the Table II the following
general characteristics:

The mean iron content in the adequate VD group was
32.72 £+ 18.44 mcg/dL, and in the intermediate VD group was
31.20 + 17.08, also mean iron for VDD is 25.73 + 15.751.
Were the p-value for iron comparison between groups was
not significant at p value 0.312). The mean ferritin content
in the adequate VD group, intermediate VD group, and
VDD was 68.67 = 61.01 ng/mL, 46.83 = 84.25 ng/mL,
and 25.98 + 25.77 ng/mL, respectively, p-value for ferritin
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TABLE I
GENERAL CHARACTERISTIC DATA FOR ALL STUDIED GROUPS

Characteristics Study groups p-value

Iron deficiency
anemia (n=65)

Healthy control
group (n=67)

Age (years) Mean+SE 35.44+26.919 28.850+19.88 0.111
Age distribution No. (%)

<15 17 (26.2) 22 (32.8) 0.588

15-29 17 (26.2) 15(22.4)

3045 12 (18.5) 15 (22.4)

>46 19(29.1) 15(22.4)
Gender no. (%) Mean+SE

Male 28 (46.7) 32(53.3) 0.589

Female 37(51.4) 35 (48.6)
Iron (mcg/dL) 28.65+16.79 100.1+40.68 <0.001
Ferritin (ng/ml) 41.32+54.29 84.22+76.52 <0.001
TIBC (mcg/dL) 444.5+43.80 330.24+43.05 <0.001
Hb (g/dl) 10.07+1.806 15.35+13.581 0.002
MCV 79.44+5.260 88.62+6.53 <0.001
RDW 12.04+1.294 14.268+1.84 <0.001
Vitamin D (ng/mL) 24.31£13.67 29.36+14.16 0.039

TIBC: Total iron binding capacity, Hb: Hemoglobin, MCV: Mean corpuscular volume,
RDW: Red cell distribution width. *Data are presented as median. **Data are given

as mean+standard deviation (SD). P<0.05 indicates significance, and P>0.05 indicates
non-significant

TABLE II
COMPARISON OF BIOCHEMICAL PARAMETERS AMONG IRON DEFICIENCY ANEMIA
PATIENTS WITH DIFFERENT VITAMIN D LEVELS.

General Studied groups p-value
characteristics Optimal Intermediate Deficient

(>30ng/mL) (20—<30ng/mL) (<20 ng/mL)

(n=17) (n=13) (n=35)

Iron (mecg/dL) 32.72+18.44 31.20+17.08 25.73+15.75  0.312
Ferritin (ng/mL)  68.67+61.01 46.83+84.25 25.98425.77  0.024
TIBC (mcg/dL)  434.3+50.17 443.9+43.07 446.2+44.85 0.673
Hb (g/dL) 10.51+1.983 10.27+2.188 9.789+1.552  0.375
MCV 81.49+5.670 80.00+4.158 78.23+5.208 0.1
RDW 11.7540.963 12.03+1.331 12.18+1.423  0.53

TIBC: Total iron binding capacity, Hb: Hemoglobin, MCV: Mean corpuscular volume,
RDW: Red cell distribution width. *Data are presented as median. **Data are given
as meantstandard deviation (SD). P<0.05 indicates significance, and P>0.05 indicates
non-significant

comparison between groups was significant at 0.024.

The mean TIBC content in the adequate VD
group, intermediate VD group, and VDD was
4343 + 50.17 mcg/dL, 4439 + 43.07 mcg/dL, and
446.2 + 44.85 mcg/dL, respectively. p-value for TIBC
comparison between groups was not significant at 0.673.

The mean HB in the adequate VD group, intermediate
VD group, and VDD was 10.51 + 1983 g/dL,
10.271 £+ 2.188 g/dL, and 9.789 +1.552 g/dL, respectively.
p-value for Hb comparison between groups was not
significant at 0.375.

The mean corpuscular volume (MCV) in the adequate VD
group, intermediate VD group, and VDD was 81.49 + 5.670,
80.0 £ 4.158, and 78.234 + 5.208, respectively. p-value for
MCYV comparison between groups was not significant at 0.1.

The mean red cell distribution width (RDW) in the
adequate VD group, intermediate VD group, and VDD
was 11.75 £ 0.963, 12.031 + 1.331, and 12.18 + 1.423,
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respectively. p-value for RDW comparison between groups
was not significant at 0.53.

Correlation analysis between reduced VD level and
iron metabolism marker in the patient’s group is displayed
in Table III. VD and Iron metabolism were correlated
significantly and negatively with iron (r = 0.242, p = 0.005),
ferritin (r = 0.432, p = 0.001), TIBC (r = —0.231, p = 0.008),
MCV (r=10.279, p=0.001), and RDW (r = 0.208, p = 0.017).
At the same time, VD and Iron metabolism recorded a non-
significant correlation with Hb. Inversely, a significant
negative correlation was noted between TIBC, these findings
are visually supported by the scatter plots in Figure 1 and
Table III, which illustrate the positive correlation between
vitamin D and serum iron, and the absence of correlation
between vitamin D and hemoglobin.

IV. DiscussioN

This research has greatly enriched the knowledge
regarding the specific association between VDD and IDA
in the Iraqi population. The inclusion of people from
different age groups increases the generality of the results
and gives information about the combination of nutritional
deficiencies through the life stages. It stresses the importance
of managing several nutritional deficiencies at the same time
to enhance the health status of at-risk groups. Knowledge of
the combinations and effects of various nutrients may lead
to better and more precise strategies for IDA management
and other comorbidities. In the present study, 132 patients

TABLE III
CORRELATION ANALYSIS BETWEEN SERUM VITAMIN D LEVELS, AND [RON
METABOLISM MARKERS

Parameters Correlation coefficient () p-value
Iron (mcg/dL) 0.242%* 0.005
Ferritin (ng/ml) 0.432%* <0.001
TIBC (mcg/dL) —0.231%* 0.008
Hb (g/dl) 0.006 0.941
MCV 0.279%** 0.001
RDW 0.208* 0.017

TIBC: Total iron binding capacity, Hb: Hemoglobin, MCV: Mean corpuscular volume,
RDW: Red cell distribution width * Correlation is significant at the 0.05 level (2-tailed),
** Correlation is significant at the 0.01 level (2-tailed).
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were observed and divided into two groups: Healthy
control (n = 67) and iron-deficient anemia (n = 65) groups,
according to age, sex, ferritin, VD level, MCV, TIBC, RDW,
and iron deficiency. We used SPSS programming and scatter
plots to evaluate the results and determine the relationship
between these factors (Auerbach and Adamson, 2016a). This
study’s findings expose a strong correlation between VD
insufficiency and an increased risk of anemia — especially iron
deficient anemia. Consistent with current epidemiological
data, this connection was found to be more pronounced in
women than in men (Lee, et al., 2015). Menstrual iron loss,
lower socioeconomic level, and nutritional deficiencies are
probably the many elements influencing the increased risk
among women. Due to their large iron losses during heavy
menstrual cycles — up to 42 mg each cycle — menstruating
women especially are more likely to get IDA. These results
highlight the need of gender-specific treatments to solve
micronutrient deficits, especially in areas where anemia and
VD shortage are major public health issues (Wintrobe, 2009).
This work has great strength in its thorough investigation of
hematological and biochemical indicators, which provide strong
proof of the link between VD and iron deficits, as in recent
study (De Martinis, et al., 2021, Vaquero, et al., 2024). VD
may affect iron metabolism and erythropoiesis, whereas iron
is crucial for VD production. We investigated the association
between VD deficits (VDD) and diminished iron status, as well
as whether advancing iron insufficiency (ID) correlates with
suboptimal VD status (Malczewska-Lenczowska, et al., 2018).
With significant p = 0.001, the research revealed a
substantial adverse association between iron levels and TIBC.
This suggests that, a characteristic of iron insufficiency, TIBC
levels grow while iron levels fall. Moreover, substantiated
by p = 0.039, a statistically significant correlation between
iron deficit and VDD was noted. This result points to a
possible bidirectional link between these two micronutrients
wherein shortages of one can aggravate or cause shortages
of the other. Given the functions of iron and VD in
important physiological processes such as erythropoiesis,
immunological function, and cellular metabolism, such a
link seems scientifically reasonable (Hwalla, et al., 2017).
A deficiency of VD increases the risk of many hematological

120

100 U )

y =2.2215x
R2=0.0078

80
60
40

20

10
Hb (g/dl)

Fig. 1. Scatter plot showing correlation between iron, hemoglobin, with Vitamin D levels.
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diseases and disruptions in iron metabolism (Kulling, et al.,
2017). Research has shown that a deficiency in VD increases
the risk of several hematological diseases and problems in
iron metabolism, particularly evident in individuals with
diverse health conditions. A VDD induces proinflammatory
effects, resulting in increased hepcidin synthesis through the
stimulation of pro-inflammatory cytokines and the activation
of the JAK-STAT3 pathway. Sun et al. (Sun, et al., 2012)
indicated that VD may downregulate hepcidin transcription,
while the underlying mechanism remains unidentified.
Elevated hepcidin levels may facilitate the sequestration of
iron in macrophages and hepatocytes, hence contributing to
the onset of inflammatory anemia (Bacchetta, et al., 2014a).
The anti-inflammatory action of VD is substantiated by studies
indicating a decrease in hepcidin levels and an increase in
25(0OH)D concentration in VD deficient individuals after
treatment with this vitamin (Smith, et al., 2017).

However, the research also showed that iron insufficiency
does not always follow from VDD. For certain studies,
non-significant p-values for indicators such as Hb, MCYV,
RDW, and TIBC clearly showed this. With p-value of
0.005, a direct and important link between ferritin — a
critical indication of iron stores — and VD levels was noted,
however. This result is consistent with other studies stressing
the co-existence of IDA and VD insufficiency, especially
in areas with limited access to foods high in nutrients or
enough sunshine exposure (Lee, et al., 2015). Studies have
shown, for example, that subclinical rickets — often linked to
VDD - often coexists with IDA in young infants and need
combination supplementation approaches to successfully treat
both deficits (Misra, et al., 2008). The research demonstrated
a statistically significant negative connection between VD
levels and TIBC (p = 0.008), therefore affecting erythrocyte
indices. This implies that, as shown by increased TIBC levels,
iron dysregulation can be aggravated by VD deprivation.
Highly significant (p < 0.001) the relationship between VD
insufficiency and MCV suggests that it may affect red blood
cell size and volume, therefore perhaps contributing to the
pathogenesis of anemia (Smith and Tangpricha, 2015). The
detection of a noteworthy connection between RDW and
VDD (p < 0.017) supported the theory that VD is engaged in
erythropoietic regulation. These results are in line with other
studies showing that a lack of VD might change the structure
and operation of red blood cells, hence producing anemia
(Sim, et al., 2010). Despite these significant findings, the study
also highlights areas of unknown interaction between VD and
iron metabolism. For instance, a finding of the non-significant
link between Hb and VD levels (p = 0.941) defines certain past
research (Malczewska-Lenczowska, et al., 2018). Variations
in study populations, methods, or the multifactorial nature of
anemia which might be influenced by a wide range of genetic,
environmental, and nutritional elements could assist to explain
this difference (Zouine, et al., 2024). Furthermore, the studies
do not establish causality even if they provide strong evidence
of a link between deficiencies of iron and VD. The basic
mechanisms linking these deficiencies are most likely complex
and involve hormonal regulation, inflammatory pathways,
and genetic predispositions (Bacchetta, et al., 2014a). One
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idea maintains that VD’s anti-inflammatory properties may
gently affect iron metabolism (Smith and Tangpricha, 2015).
VD is well recognized to maybe restrict the synthesis of pro-
inflammatory cytokines, therefore influencing iron intake and
use (Andrukhov, et al., 2014). Higher hepcidin levels, a required
control of iron homeostasis that reduces iron absorption and
mobilization, are linked to chronic inflammation. Changing
inflammatory pathways might help to lower hepcidin levels
and boost iron availability. Furthermore, included among other
organs related with iron metabolism are the intestines and bone
marrow, which have VD receptors suggesting a presumably
direct function of VD in erythropoiesis and iron absorption
(Bacchetta, et al., 2014a, Nairz, et al., 2010). The research
emphasizes the more general consequences of nutritional
shortages, especially in countries like Iraq with low resources.
Deficiencies in iron and VD are linked not just with anemia
but also with other serious health implications including worse
immune function, more sensitivity to infections, and delayed
cognitive and physical development in children. These issues
especially worry in poorer countries when food shortages,
inadequate healthcare access, and environmental circumstances
like inadequate sunshine raise their primary frequency. Dealing
with these problems calls for a complete approach including
dietary changes, supplement programs, and public health
campaigns meant to increase food and drug availability.

V. CONCLUSION

Underlying the complex interaction between iron deficiency
anemia (IDA) and VD insufficiency, this study reveals a
significant association between these two micronutrients
in the Iraqi population. The noted relationships between
VD levels and key iron markers including ferritin, TIBC,
MCV, and RDW lead to most probable impact of VD on
iron metabolism and erythropoiesis. Although a direct link
between VD and hemoglobin was not identified, the results
line studies suggesting effects of VD iron homeostasis, most
likely by means of inflammatory pathways and hepcidin
regulation. Given the great frequency of both VD and iron
insufficiencies in resource-limited countries like Iraq, our
findings emphasize the need of coordinated public health
campaigns treating both deficiencies concurrently.

VI. RECOMMENDATIONS

Based on our findings, we recommend: Healthcare
providers should consider sunlight exposure and family
history as important factors in assessing iron deficiency
and developing early intervention strategies. Further
research is needed to fully understand the bidirectional
relationship between VDD and iron deficiency health. These
recommendations aim to improve early diagnosis, treatment,
and management of iron deficiency, ultimately reducing the
risk factors.
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