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VITAMIN  D  DEFICIENCY
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ABSTRACT
Background: There is a highly notable vitamin D deficiency, this included in the pathology of a lot of diseases, and this 

affects the status of many other elements including hormones, and proteins. Iron is also a key element involved in the metabo-
lism process within the body and any reduction in iron level is associated with a range of pathological conditions. Ferritin rep-
resents the body's iron storage and may reflect the serum iron status.

Objectives: This study was designed to assess the effect of vitamin D deficiency on serum ferritin levels in Iraqi women.
Patients and Methods: 92 women aged between 20-50 years were enrolled in this study, they were divided into two groups, 

the control group which had normal vitamin D levels, and a study group with vitamin D deficiency. Then, the ferritin level in 
both groups was compared with concerning vitamin D levels.

Results: There was a non-significant variation of age between both groups, while the variation in the level of both vitamin D 
and ferritin between both groups was significant [P value < 0.001 for both]. There was a significant, strong positive correlation 
between vitamin D and ferritin levels in all candidates, while a significant with moderate positive correlation in each of study 
and control groups according to Spearman's correlation coefficient.

Conclusion: A low serum level of 25(OH)D3 is associated with decreased serum level of ferritin in Iraqi women was conclud-
ed in this study. So logically vitamin D deficiency may be considered as one of the predisposing factors for anemia especially 
iron-deficiency anemia.
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INTRODUCTION

Vitamin D is a fat-soluble secosteroids vitamin., It and its metabo-
lites have a significant clinical role because of their interrelationship 
with calcium homeostasis and bone metabolism1). Rickets and osteoma-
lacia due to severe vitamin D deficiency are now uncommon except in 
populations with low sun exposure, lack of vitamin D in fortified foods, 
and malabsorptive syndromes.

The term 'vitamin D' covers several related compounds, these 
include vitamin D2 (C28H44O) (ergocalciferol), and vitamin D3 
(C27H44O) (cholecalciferol), α-calcidiol(1-αhydroxycholecalciferol) 
and calcitriol (1,25-dihydroxycholecalciferol). 

The metabolic pathway of vitamin D is summarized in Figure 1.
In humans, vitamin D has two very similar forms that are commer-

cially marketed. The natural form derived from cholesterol is vitamin 
D3, marketed as cholecalciferol. Vitamin D2 is an alternative form 
which derived from ergosterol and marketed as ergocalciferol2).

The natural source of vitamin D is from the diet and direct sun 
exposure and can be ingested from supplements2,3). Very few foods natu-
rally contain vitamin D like fatty fish and livers, so dermal synthesis is 
the major natural source of the vitamin by the synthesis of cholecalcif-
erol in the skin from cholesterol through a chemical reaction that is 
dependent on sun exposure. 

Vitamin D3 from the diet or dermal synthesis is biologically inac-
tive and the enzymatic hydroxylation in the liver and kidney is required 
for activation (Figure1), where vitamin D3 must be hydroxylated 
sequentially at the C-25 position in the liver to convert to 25-hydroxyvi-
tamin D (25[OH]D) which represents the major circulating form4,5). 
Then at the C-1 position in the kidney generated to 1,25-dihydroxyvita-
min D (1,25[OH]2D) which is the active form of vitamin D, also known 
as calcitriol5). Thus, the more accurate description of vitamin D is that it 
is a prohormone, and an enzymatic process is required for activation6).

Firstly, it was believed that both vitamin D2 and vitamin D3 have 
approximately the same biological activities2), but a meta-analysis study 
was indicated the superiority of vitamin D3 compared with vitamin D2 
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in elevating serum25(OH)D concentrations7). This confirms the old stud-
ies which indicated that vitaminD3 has significantly higher activity in 
birds8), and monkeys8). Other evidence indicates that in humans, vitamin 
D2 has only 25%-30% of the biological activity of vitamin D39). 
Accordingly, it is rationally the preferred form for use. 

25-hydroxyvitamin D2 has a lower affinity than 25-hydroxyvitamin 
D3 for vitamin D-binding protein. Thus, 25-hydroxyvitamin D2 has a 
shorter half-life than 25-hydroxyvitamin D3, and this may partially clar-

ify that the treatment with vitamin D2 may not increase serum total 
25(OH)D levels as efficiently as vitamin D310).

Iron is a vitally important metal to the normal physiological pro-
cesses of many organs, and it is essential for many metabolic processes, 
such as oxygen transport and DNA synthesis11). Except for the iron in 
the hemoglobin of the blood, by far the greatest proportion of iron in the 
body is stored in the liver in the form of ferritin. The hepatic cells con-
tain large amounts of a protein called apoferritin, which is capable of 
combining reversibly with iron. Therefore, when the iron is available in 
the body fluids in extra quantities, it combines with apoferritin to form 
ferritin and is stored in this form in the hepatic cells until needed else-
where12).

Ferritin is an intracellular protein is found mostly as a cytosolic pro-
tein but a small amount is secreted into the serum to act as an iron carri-
er, and it is found mainly in the liver, spleen, intestinal mucosa, and 
bone marrow13).

Ferritin is a huge, 24 subunit protein of molecular weight 440 kDa 
which consists of light (L ferritin) and heavy chains (H ferritin) which 
can store up to 4500 atoms of iron within its spherical cavity14).

H chain of ferritin possesses ferroxidase activity necessary for iron 
uptake by the ferritin molecule. Its functions to store iron in a non-toxic 
form, to deposit it in a safe form, and releases it in a controlled manner 
according to iron deficiency and iron overload, transporting it to areas 
where it is required15), and under fixed situations, the serum ferritin level 
correlates with and reflects the total body's stores of iron in absence of 
inflammation16).

The plasma level of ferritin generally reflects overall iron storage, 
with 1 ng of ferritin per ml indicating approximately 10 mg of total iron 
stores. Thus, a normal adult male with a plasma ferritin level of 50 to 
100 ng/mL has iron stores of approximately 500 to 1000 mg.17) Serum 
ferritin less than 10 to 15 ng/mL is 99% specific for making a diagnosis 
of iron deficiency17).

Elevated serum ferritin in the absence of infection or inflammation 
may suggest the presence of a state of iron overload17). So, the measure 
of serum ferritin is considered the most useful laboratory procedure to 
estimate iron stores and is used as a diagnostic test for iron deficiency 
anemia15,18).

Free ferritin that is not combined with iron is called apoferritin19). So 
when the iron in the circulating body fluids reaches a low level, the fer-
ritin releases the iron. Thus, the apoferritin_ferritin system of the liver 
acts as a blood iron buffer. Normal ferritin concentrations vary by age 

Figure 1. Metabolic pathway of vitamin D.

Table 1. The classification of Vitamin D status according to the 
ranges provided with the kit of (mini vidus®) apparatus.

Level of 25(OH)D Description

< 10  ng/ml. Severe deficiency

10-30 ng/ml. Insufficiency

30-100 ng/ml. Sufficient level

Table 2. Assessment of various variables between control and 
study groups.

Variables Control Study p-value

Number 40 52 -

Age (years), mean ± SD 36.5 ± 8.2 34.1 ± 8.4 0.175

Vitamin D, mean ± SD 35.3 ± 12.2 11.8 ± 3.5 < 0.001 [S]

Ferritin, mean ± SD 66.7 ± 52.1 19.6 ± 13.9 < 0.001 [S]

SD: standard deviation, S: significance

Figure 3. Scatterplot of the correlation between ferritin with 
vitamin D.

Figure 2. ROC curve of ferritin and vitamin D for predicting the 
study group.

Table 3. Correlation between ferritin and vitamin D.
Group Spearman's correlation coefficient P-value

All candidate 0.764 < 0.0005

Study group 0.469 < 0.0005

Control group 0.504 < 0.0005
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and gender, and the normal ranges may vary slightly among laborato-
ries, but in general, normal ferritin levels range from 12 to 300 ng/mL 
for males and 12 to 150 ng/mL for females.

The plasma 25(OH) D level is quite stable over several days or 
weeks and its level typically fluctuates with vitamin D intake and sun 
exposure.20) So that it is the main form used for measuring serum vita-
min D levels21). Some experts and foundations (Endocrine Society, 
National Osteoporosis Foundation [NOF], International Osteoporosis 
Foundation [IOF], American Geriatrics Society [AGS]) suggest that a 
minimum level of 30 ng/mL (75 nmol/L) is necessary for older adults to 
minimize the risk of falls and fracture22,23).

There is more than one procedure for the detection of vitamin D 
levels like high-performance liquid chromatography (HPLC), immuno-
assay, and vitamin D binding protein-based enzymatic assay24). Such dif-
ferent testing techniques may be associated with inter-assay variation 
range as much as 10%24). Vitamin D deficiency was classified according 
to the ranges provided with the kit of the used apparatus (mini vidus) as 
described in Table 1.

 It has been estimated that 1 billion people worldwide have vitamin 
D deficiency or insufficiency2). There are two interchangeable units for 
measurement of 25(OH)D level, nanograms per milliliter (ng/ml) which 
is highly used by clinical labs in the United States and nanomoles per 
liter (nmol/L) which is used by Canada and many other countries. For 
conversion one unit to others, it is just by dividing the nmol/L value by 
2.525).

Vitamin D deficiency plays an important role in the pathogenesis of 
anemia26). The underlying mechanisms involved in the association 
between vitamin D deficiency and anemia have taken a lot of interest to 
nutritionists, scientists, clinicians, and the public, but still, the exact 
mechanism of association of vitamin D deficiency with anemia is not 
fully understood. Vitamin D is reported to stimulate erythroid precursors 
and that vitamin D receptors have been discovered in numerous tissues 
in different organs including the bone marrow27). Another study showed 
that vitamin D deficiency may stimulate immune cells within the bone 
marrow to produce cytokines, which further inducing impaired of eryth-
ropoiesis28). Other studies, confirmed that vitamin D inducing a reduc-
tion of cytokine production and this may be one of the possible factors 
attributed to the reduction of inflammatory milieu and anemia29). Also, it 
is found that the treatment of vitamin D deficiency patients with vitamin 
D supplement has improved iron hemostasis and the clinical signs of 
anemia. 

MATERIAL  AND  METHOD 

A clinical cross-sectional study was done for 92 generally healthy 
adult women at the College of Pharmacy, University Of Anbar, Iraq. 
The candidates were classified into two groups according to vitamin D 
levels, control group in which vitamin D level was normal and study 
group for whom their vitamin D level was deficient. Then, accordingly, 
the ferritin level was measured in both groups. 

After obtaining information and eliciting a detailed medical and 
pathological history, only those who fulfilled the inclusion criteria were 
included in the study. The candidates were overall healthy adult females 
aged 20_ to 50 years from Ramadi city. The nominees were selected 
from some of the students in the college, from outpatient attendants in 
the central laboratory in Ramadi Teaching Hospital for Maternity and 
Children, Most of them have signs of vitamin D deficiency like muscle 
ache, tiredness and hair falling. Written consent was taken from all the 
participants in the study.

Inclusion criteria: Females aged (20-50 years) suffering from 
Vitamin D deficiency and not receiving Vitamin D3 therapy. 

Exclusion criteria: Renal impairment patients on erythropoietin, 
patients who were on iron therapy or vitamin D3 supplementation, par-
ticipants who did not give consent.

Blood samples were collected aseptically by venipuncture into dry 
clean and sterile white tubes without anticoagulant substances to enable 
clotting. Each tube was recognized by written information for each par-
ticipant. Blood samples were allowed to stand for 20-30 minutes for clot 
formation and then centrifuged. The supernatant serums were taken and 
stored in the Eppendorf tube at (-20 to - 80 degrees C) for subsequent 
analysis or use.

Measurement of serum vitamin D and ferritin levels were done by 
the MINI VIDAS apparatus which is a high-quality compact automated 
immunoassay system based on the Enzyme-Linked Fluorescent Assay 

(ELFA) technique. It is greatly appreciated worldwide for its simplicity, 
flexibility, and accuracy.

Analysis of the results was pursued using the statistical package for 
the social science (SPSS) software and Excel program. Data was 
expressed as mean ± standard deviation. P-value was used to consider 
the relationship significant or not. The P-value of 0.05 was the upper 
limit for a significant relationship.

RESULTS 

There was no significant difference in the age between both groups, 
while both Vitamin D and serum ferritin were significantly lower in the 
study group compared to control so that the variation was significant 
with P value < 0.001 for both, it is illustrated in Table 2.

Both vitamin D3 and ferritin show significant ability to predict 
study from control, in which vitamin D had an excellent ability (since 
the AUC between 0.9 - 1.0) and ferritin had a good ability (since the 
AUC between 0.8 - 0.89) to predict study, as illustrated in Figure 2.

After checking for normality of data distribution using Shapiro-
Wilk's test, a Spearman's rank-order correlation was run to assess the 
relationship between Vitamin D3 and ferritin levels in all patients and 
both groups. A statistically significant moderate positive correlation was 
detected between vitamin D3 and ferritin levels in both study and con-
trol groups (p = < 0.0005), as illustrated in Table 3 and Figure 3.

Linear regression was utilized to understand the effect of changing 
vitamin D3 levels on plasma ferritin levels. To assess linearity a scatter-
plot of ferritin concentration against vitamin D3 level with a superim-
posed regression line was plotted. Visual inspection of these two plots 
indicated a linear relationship between the variables. There were 
homoscedasticity and normality of the residuals. 

The prediction equation was: plasma ferritin level = 1.14 + 1.769 
vitamin D3 level statistically significantly predicted ferritin concentra-
tion.

F(1, 90) = 49.64, p < 0.0005, accounting for 34.8% of the variation 
in plasma ferritin level with adjusted R2 = 35.5%, a large size effect 
according to Cohen in 1988. An extra unit of vitamin D3 leads to a 
1.769 (95% CI, 1.27 to 2.268) mmol/L increase in ferritin concentration. 

DISCUSSION

The high incidence in the deficiency of both vitamin D and ferritin 
levels which was observed in the present study are encouraged by many 
earlier studies30). The deficiencies of both Vitamin D and iron are docu-
mented as two major public health concerns worldwide and for some 
experts it as a pandemic. The symptoms of iron deficiency may arise 
from the metabolic systems where many proteins are iron-containing so 
that iron and Vitamin D deficiency is implicated with unwanted health 
effects even if they are asymptomatic31). The probable correlation 
between them remains incompletely understood. There is much evi-
dence to suggest deficiency of Vitamin D has a key effect in the patho-
physiology of a lot of further clinical situations. 

It is identified that a deficit of vitamin D may cause deterioration of 
iron status30,31), and increase the risk of anemia32). In one study it is found 
that the rate of anemia was directly proportional to the rate of vitamin D 
deficiency31) where anemia was reported in 66 % of vitamin D deficient 
subjects compared with 35 % in vitamin D sufficient individuals 
depending on hemoglobin result whether greater or lesser than 11 g/dl 
(p < 0.0001)31). 

Another study but in a different age group may boost our result in 
the link between vitamin D and iron, since Grindulis et al33), detected a 
significant association between vitamin D deficiency and low iron sta-
tus. Also in one more study, it is found that children with active rickets 
have a lower hemoglobin level in comparison to cured rickets34). This 
may show that vitamin plays a role in the proliferation of both red blood 
cells and stem cells in bone marrow via the stimulation of erythroid pro-
genitor cells in a synergistic fashion with erythropoietin35), this reflects 
how much vitamin D affects the iron and ferritin concentration, and this 
comes in agreement with our conclusion and results. Hollick MF also 
stated that the deficiency of vitamin D may affect the hemoglobin 
metabolism and give rise to anemia34). Accordingly, Sharma Sh. et al34), 



Abed M. T. et al.746

recommended that the physicians should, therefore, assess vitamin D 
levels in all anemic children and ensure adequate supplementation to 
prevent deficiencies. Furthermore many studies have reported vitamin D 
deficiency as being associated with various types of anemia like iron 
deficiency anemia21,34).

Inflammation may also be considered a predisposing factor for the 
development of some type of anemia called inflammatory anemia 
through the effect of pro-inflammatory mediators hepcidin and cyto-
kines. Hepcidin decreases the iron availability required for erythropoie-
sis and furthermore, cytokines decrease the production of erythropoietin 
essential for erythropoiesis36). 

Many studies have suggested vitamin D to have a down-regulating 
effect on cytokines and hepcidin, and this suggests an anti-inflammatory 
effect of Vitamin D, so it may increase iron availability, and support 
erythropoiesis, so that, vitamin D may, therefore, improve an anemia sit-
uation36,37). Hence, when healthy volunteers received a bolus oral dose of 
100,000 IU ergocalciferol, significant reductions in serum hepcidin lev-
els were detected through 24 hours38). Smith et al, stated that serum 
25(OH)D concentrations < 20 ng/mL were associated with increased 
chances of anemia39).

Furthermore, iron is an important co-factor for many enzymes like 
1α- hydroxylase required for the hydroxylation of 25(OH) D to 
1,25(OH)2D which represents the active form of vitamin D, and iron 
deficiency may, therefore, inhibit the activation of vitamin D leading to 
its deficiency40).

Some types of CYP enzyme are also required for the two conse-
quence steps for hydroxylation and activation of vitamin D, like 
CYP450, CYP2R1 in liver and CYP27B1 in the kidney, Iron is one of 
the constituents of both of these enzymes. Hence, this may clarify that 
vitamin D metabolism is dependent on iron and its deficiency may 
affect vitamin D activation41,42). This vital role of iron in the synthesis of 
vitamin D was confirmed by Katsumata et al. When they fed rats with 
an iron insufficient diet they then reported a diminished 1α-hydroxylase 
activity, leading to a decrease in serum concentration of 1,25(OH)2D3

41). 
So, in situations of deficiency an increment in Vitamin D concentration 
was established after a single intramuscular injection of iron in infants 
with IDA43). Further, Yoo and Cho showed that Vitamin D deficiency 
was significantly more often seen in anemic individuals44).

CONCLUSION

Serum vitamin D concentration is associated and correlates with 
serum ferritin levels, thus indicating that vitamin D deficiency may be 
considered as a predisposing factor associated with anemia, especially 
iron-deficiency anemia.

RECOMMENDATIONS

1. A seasonal comparison of vitamin D levels is recommended. So 
we recommend the same study design in a different season to 
clarify the effect of the climate on vitamin D levels.

2. Assess vitamin D status in anemic patients particularly in chil-
dren and ensure adequate supplementation to prevent deficien-
cies.

3. A similar comparative study for male subjects within the same 
age group.

4. A further, randomized controlled trial to examining the effect of 
supplementation of both vitamin D and iron on the level of each 
other.
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