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ABSTRACT
Background: Iron deficiency anemia is one of the most common hypochromic microcytic anemias and nutritional
disorders in today’s world. Vitamin D is an important steroid hormone for the metabolism of serum calcium and
phosphorus and plays a major role in the function of various body systems. Evidence suggests that vitamin D
deficiency is associated with iron deficiency anemia. We aimed to compare the serum level of vitamin D between
children with iron deficiency anemia and healthy ones.

Methods: This case-control study was conducted on 60 patients with iron deficiency anemia and 60 healthy ones
who did not suffer from iron deficiency anemia. Patients participated in the study voluntarily. Vitamin D levels
were measured using HPLC and ferritin by RIA method. To estimate the predictive value of vitamin D levels in iron
deficiency anemia, ROC curve analysis was used.

Results: In this study, 120 children aged 6-144 months with mean age of 30.2 + 31.4 months were analyzed; 49.2%
of them were boys and 50.8% were girls. Vitamin D levels varied from 4.8 to 63.2 ng/ml with a mean of 23.87 +
12.57 ng/ml in all patients (19.25 + 9.15 ng/ml in the case group and 28.48 + 13.84 ng/ml in the control group
(P<0.001). In other words, patients with a vitamin D level <23.6 ng/ml should be investigated for iron deficiency
anemia, and sufficient vitamin D had a protective effect on iron deficiency anemia and each unit increase in vitamin
D decreased the chance of iron deficiency anemia by 7.8%.

Conclusion: The prevalence of simultaneous iron deficiency anemia and vitamin D deficiency is very high in
children and there is a significant relationship between serum levels of 25(OH)D and hemoglobin.
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Introduction

Iron deficiency anemia is currently one of the most common
nutritional disorders [1,2]. This type of anemia is considered the
most widespread type of anemia in the world [3]. Two billion people
have anemia in the world, 50% of which are iron deficiency [4,5].
Iron deficiency with or without anemia is associated with impaired
psychological development, and the presence of this substance is
very important in the better performance of the nervous system
and brain development [2,4,6-11].

Vitamin D is an important steroid hormone for the metabolism of
serum calcium and phosphorus and has a major role in the function
of muscle nervous system, optimal muscle health, immune system,
blood pressure and cancer [12-16]. Several studies reported that
the incidence of vitamin D deficiency is increasing and nutritional
rickettsia in children and adolescents is a global problem, despite
nutritional enrichment programs in the United States and other
countries [17-23].

Various basic and clinical studies indicated the influence of
deficiencies of these two micronutrients on each other. For
example, patients with iron deficiency anemia seem to have less
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activities outside the house, due to fatigue and weakness, and are
exposed to sunlight less and therefore lack vitamin D [24]. Also,
iron deficiency impairs the intestinal absorption of fat-soluble
vitamins, such as vitamin D, thus, iron deficiency is a significant
factor in reducing serum vitamin D levels [3,25]. Vitamin D is
a very important regulator of the hepcidin-ferroportin axis in the
body, and decreased vitamin D levels help increase the expression
of hepcidin that reduces plasma iron concentrations by inhibition
of ferroportin [26-28]. It has been shown that patients with vitamin
D deficiency are more likely to have iron deficiency anemia and
lower hemoglobin levels [25,29-31]. We aimed to compare the
serum levels of vitamin D in children with iron deficiency anemia
and the control group to investigate the relationship between iron
deficiency anemia and vitamin D deficiency in children.

Materials and Methods

This case-control study was performed on children who referred
to Shahid Hejazi Hospital in Shiraz, Iran, using the convenient
sampling method. The sample size was calculated according to
formula, considering error of 5% (80% power and 50% effect size
in the two groups by a ratio of 1 to 1). 120 children aged 6 months
to 12 years (60 with iron deficiency anemia and 60 healthy ones
who did not have iron deficiency anemia) were investigated from
November 2016 to end of July 2017.

The inclusion criteria were age between 6 months and 15 years
and the exclusion criteria consisted of acute and critical illness,
genetic and metabolic disorders, any underlying diseases, and the
use of certain drugs (like anticonvulsants). Groups were matched
according to age and gender. After obtaining permission from
patients and explaining the study objectives to patients, their
information, including demographics and other serum values,
measured by laboratory tests, were recorded by the researcher on
the checklist and the contact number of the patients was recorded
for follow up. Patients were excluded from the study, if they did
not want to continue the research. The research protocol was
approved by the Vice-Chancellor of Research Council Committee
of Azad University of Kazerun.

Lab tests included: CBC, ferritin, calcium, phosphorus, and
25(OH)D3. The vitamin D was measured by HPLC and ferritin
by RIA method.

The inclusion criteria for patients with iron deficiency anemia was
a documented history of poor iron nutrient intake, MCV<70 (FI),
ferritin<15 ng/ml, hemoglobin<11 g/dl, and RDW>16%.

The serum levels of vitamin D were divided into four categories:
e Normal: Serum 25(OH)D3 > 30 ng/ml.

» Insufficient: Serum 25(OH)D3 of 20-30.

*  Partial deficiency: Serum 25(OH)D3 of 10-20

*  Severe deficiency: Serum 25(OH)D3 of <10

Quantitative data was reported by mean + SD and qualitative
data by number (%). T-test and chi-square tests were used to
compare the two groups. Also, the ROC curve analysis was used

to determine the predictive power of the test. The software used
was SPSS version 16. (SPSS for Windows, Version 16.0, Chicago,
SPSS Inc.).

Results

In this study, 120 children aged between 6 and 144 months were
analyzed with a mean age of 30.2 + 31.4 months; 49.2% of them
were boys and 50.8% were girls. The serum level of vitamin D
in the whole sample varied from 4.8 to 63.2 ng/ml with a mean
level 0f 23.87 + 12.57 ng/ml (19.25 + 9.15 ng/ml in iron deficiency
anemia group and 28.48 + 13.84 in the control group (Table 1 and
Figure 1).

Groups
| caseciony | oot | Fae
Vitamin D levels | 23.87 +12.57 | 19.25+9.15 | 28.48 +13.84 | <0.001
Severe deficiency 14 (11.7) 9 (15) 5(8.3)
Partial deficiency 40 (33.3) 27 (45) 13 (21.7) 0.002
Insufficiency 33 (27.5) 16 (26.7) 17 (28.3)
Normal 33(27.5) 8(13.3) 25 (41.7)

Table 1: Mean and distribution of vitamin D levels in the two study
groups.
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Figure 1: The distribution of vitamin D levels in two groups. The midline
shows total mean. According to this figure, the number of individuals with
a higher total mean in the control group was more than the case group.

Based on the classification of different levels of vitamin D in the
whole sample, 11.7% (N=14) had severe deficiency, 33.3% (N=40)
had partial deficiency, 27.5% (N=33) had insufficiency, and 27.5%
(N=33) had normal levels of vitamin D: in the iron deficiency
anemia group, 15% (9 cases) had severe deficiency, 45% (27 cases)
had partial deficiency, 26.7% (16 cases) had insufficiency, and only
13.3% (8 cases) had normal serum levels of vitamin D, and in the
control group, 8.3% (N=5) had severe deficiency, 21.7% (N=13)
had partial deficiency, 28.8% (N=17) had insufficiency, and 41.7%
(N=25) had normal serum levels of vitamin D (Table 1).

To estimate the predictive value of vitamin D levels in iron deficient
group, ROC curve analysis was used, the results of which and area
under the curve, sensitivity and positive and negative predictive
values are summarized in table 2. Based on this analysis, the best
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cut-point was determined to be 23.6 (close to the overall mean)
(Figure 2). In other words, children with a vitamin D level of less
than 23.6 ng/ml can be referred to as iron deficiency anemia. The
predictive power of this test was 70% to distinguish the patients
and healthy ones.
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Figure 2: The area under curve (AUC) of ROC represents the predictive
power of vitamin D levels in children with iron deficiency. This level is
0.70 and is practically between 0.5 and 1; values >0.5 and closer to 1
shows higher test’s power for distinguishing. In fact, AUC of 0.5 shows
complete chance in distinguishing power of the test.

Index No (%) 95% CI
AUC ROC 70 61-78
Sensitivity 71.67 58.6-82.5
Specifity 65 51.6-76.9
Positive predictive value 67.19 58.34-74.96
Negative predictive value 69.64 59.56-78.13

Table 2: The statistical indices of predictive power of vitamin D in
diagnosis of iron deficiency.

Also, vitamin D level was protective against iron deficiency, as
an increase in vitamin D decreases the chance of anemia by 7.8%.

There was a significant relationship between the intake of iron
supplementation in childhood and folic acid and iron intake during
pregnancy by the mother with iron deficiency anemia in the child
and vitamin D deficiency, as children and mothers with full iron
supplementation had less chance of iron deficiency anemia than
those without (P<0.001). There was no significant difference
between the nutrition types of children (formula or breast milk)
with iron deficiency anemia and vitamin D levels.

There was a significant relationship between educational level
and occupation of father with iron deficiency anemia and vitamin
D levels and the distribution of educational level and occupation
of father were significantly different between the two groups, as
subjects in the control group had higher educational level than that
in anemia group (P<0.001). The frequency of labor and free jobs
of the fathers in the case group was more than hat in the control

group (P<0.012). Perhaps, iron deficiency anemia occurs more in
low-income families. There was no significant difference in the
relationship of educational level and occupation of mother with
iron deficiency anemia and vitamin D levels between two groups.

Discussion

In this study, 86.7% of patients with iron deficiency anemia had
a serum level of vitamin D below normal limits, compared to
the control group, 58.3% of whom had a serum level of vitamin
D below normal limits, which can point out the importance of
measuring 25(OH)D3 in children with iron deficiency.

Iron and vitamin D are two micronutrients necessary for the growth
and development of infants and deficiency of these two substances
has harmful effects in infants below 24 months of age [6].
Individuals with iron deficiency anemia have less activities outside
the house, due to fatigue and weakness, and are exposed less to
sunlight and therefore lack vitamin D [24]. Also, iron deficiency
impairs the intestinal absorption of fat-soluble vitamins, such as
vitamin D, thus, iron deficiency is a significant factor in reducing
serum levels of vitamin D [3,25].

Iron deficiency can reduce 1, 25-dihydroxy-cholecalciferol [6].
Iron plays a role in the second activation stage of vitamin D in
kidneys, so iron deficiency can reduce the production of active form
of vitamin D [25,32]. In the study of H. Grindulis and colleagues,
there was a significant relationship between iron deficiency anemia
and vitamin D deficiency in children and two-fifths of children in
their study had anemia, two-fifths vitamin D deficiency, and one-
fifth anemia and vitamin D deficiency [30].

In the study by Jin et al. on 102 infants (3 to 24 months), there was
a significant association between iron deficiency and breastfeeding
(P<0.001). Also, vitamin D deficiency in infancy was significantly
correlated with vitamin D deficiency during pregnancy (P=0.01)
[6]. However, in our study, child’s nutrition (breast milk or
formula) had no significant association with iron deficiency
anemia or serum levels of vitamin D (P=0.649).

In one study it was concluded that children and mothers with a
history of anemia before pregnancy had lower levels of ferritin
and 25(OH)D. The researchers concluded that it is necessary to
monitor not only iron, but also vitamin D levels, in breast fed
children whose mothers had anemia before pregnancy [33].

In another study in the United States in 2014, it was concluded
that 25(OH)D deficiency was associated with an increased risk of
anemia in healthy children in the United States, but the threshold
level of 25(OH)D for low hemoglobin in black children were
lower, compared to white children [27].

Other researchers found that anemia decreased in Mexican children
by a generalized rich diet (especially in vulnerable people), and
Vitamin D deficiency has also improved [34]. Another study
showed that vitamin D deficiency is associated with iron deficiency
anemia in Korean children. In the initial care by physicians, the
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possibility of vitamin D deficiency with iron deficiency anemia
should be considered and vitamin D supplements should be
prescribed in addition to iron supplements [24].

In our study, assessing iron deficiency anemia using serum level of
vitamin D by ROC curve indicated 23.6 as the best cut-point (close
to the overall mean), namely, children with a vitamin D level of
<23.6 ng/ml are 70% likely to have iron deficiency anemia and
sufficient vitamin D was protective against iron deficiency, as each
unit increase in vitamin D decreased the chance of iron deficiency
anemia by 7.8%.

Vitamin D receptors exist in all precursor RBCs in bone marrow
[35] and insufficient level of 25(OH)D leads to a decrease
in the production of calcitrol in bone marrow and decreases
hematogenesis function [27]. Vitamin D deficiency affects the
incidence of iron deficiency anemia [25,29,31], as in children with
vitamin D deficiency, hemoglobin and iron levels were significantly
lower than children with normal levels of vitamin D [3,30]. Shikha
Sharma and colleagues reported that physicians should assess
vitamin D levels in children with anemia and prescribe adequate
supplementation to prevent deficiency of both [3].

Conclusion

The findings of this study showed a high prevalence of vitamin D
deficiency in children with iron deficiency anemia and a significant
relationship between serum levels of 25(OH)D and hemoglobin
levels. Given the high prevalence of vitamin D deficiency in
patients with iron deficiency anemia, physicians should check the
serum levels of vitamin D, in addition to ferritin, in children with
anemia and treat both, if necessary.
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