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INFLUENCE OF VITAMIN D STATUS ON THE SEVERITY OF 
ANEMIA OF INFLAMMATION IN YOUNG CHILDREN WITH ACUTE 

INFLAMMATORY BACTERIAL RESPIRATORY DISEASES
Abstract. We have studied the effect of vitamin D status on the severity of anemia of inflammation 

in young children with acute inflammatory bacterial respiratory diseases. Some indicators of iron me-
tabolism were analyzed depending on the level of vitamin D in the blood serum in the understanding 
the development of anemia of inflammation.
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Due to the expansion of researches on the ex-

traskeletal functions of vitamin D, its potential role 
in iron homeostasis and erythropoiesis has been 
described. An increase in pro-inflammatory cyto-
kines suppresses erythropoiesis in the bone mar-
row and shortens the life span of erythrocytes due 
to increased activation of macrophages and eryth-
rophagocytosis in anemia of inflammation (AI). A 
decrease in proinflammatory cytokines and, as a 
consequence, hepcidin caused by the influence of 
vitamin D can increase the bioavailability of iron for 
erythropoiesis and hemoglobin synthesis by restor-
ing iron recirculation, preventing iron sequestration 
in macrophages, eliminating disorders of iron ab-
sorption, thereby preventing the development of AI. 
On the other side, inflammatory cytokines can dis-
rupt erythropoiesis by suppressing the production of 
erythropoietin (EPO), as well as the differentiation 
and proliferation of erythroid progenitor cells [1, 
1011–1023]. However, vitamin D supports eryth-

ropoiesis by increasing the proliferation of erythroid 
precursors and a synergistic effect with EPO [2, 
403–409; 3, 121–127; 4, 432–438; 5, 1672–1679]. 
Previous studies suggest that an additional pleiotro-
pic benefit of vitamin D supplementation may be to 
reduce the severity of anemia and increase sensitivity 
to EPO [6, 447–452].

Aim. To determine the relationship between the 
level of vitamin D in the blood serum and the sever-
ity of AI in young children with acute inflammatory 
bacterial diseases of the respiratory system.

Materials and methods. A total of 40 children 
aged between 1 month and 3 years (with an aver-
age age of 1,6 ± 0.4 years) were examined. The main 
group consisted of 20 children with acute bacte-
rial diseases of the respiratory tract. In the main 
group, bronchitis was diagnosed in 14(70%) chil-
dren, pneumonia – in 6(30%) children. Given the 
hematological picture, the main group was divided 
into two subgroups. The first subgroup included 
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10 children with AI, which was determined 4–5 days 
after the disease onset. The second subgroup consist-
ed of 10 children without anemia. The comparison 
group was represented by 10 children with iron defi-
ciency anemia (IDA) without inflammatory manifes-
tations. The control group included 10 conditionally 
healthy children. The studied groups were representa-
tive in age and sex of the children. All study patients 
on a planned basis received a vitamin D3 supplement 
according to clinical guidelines.

The content of vitamin D in the blood serum of 
children of the observation group was determined. It 
was established that the level of 25(OH)D3 ≤ 30 ng/ml 
was observed in the first subgroup in 4(40%) children, 
in the second subgroup – in 5(50%) children, in the 
comparison group – in 3(30%) children. In the control 
group, there was no evidence of vitamin D deficiency. 
The level of 25(OH)D3 30–45 ng/ml was found in 
the first subgroup in 5(50%) children, in the second 
subgroup in 4(40%) children, in the comparison 
group – in 6(60%) children, in the control group – in 
6(60%) children. The level of 25(OH)D3 ≥ 45 ng/ml 
was detected in the first, second subgroup, as well as in 
the comparison group in 1(10%) child, in the control 
group – in 4(40%) children.

Blood serum 25(OH)D3, erythropoietin, and 
ferritin levels were measured by enzyme-linked im-
munosorbent assay (ELISA) using commercial kits: 
25OH Vitamin D Total ELISA (DIAsourceImmu-
noAssays  S. A., Belgium), EPO (Erythropoietin) 
ELISA (Biomerica, Germany), Ferritin ELISA (OR-
GENTEC DiagnostikaGmbH, Germany).

Statistical analysis of the data was performed us-
ing the statistical packages «EXCEL» and “Statistica 
13.0” (StatSoft Inc. No. JPZ8041382130ARCN10-
J). Normality of the data was checked using the Sha-
piro-Wilk test. We used the method of correlation 
analysis with the Spearman correlation coefficient 
calculation. Measurement data of a non-normal dis-
tribution and non-linear dependence were expressed 
as a median and quartile (Me (Q25; Q75)). To as-
sess the differences in indicators, the nonparametric 

Mann-Whitney U-test was calculated as a nonpara-
metric analogue of the Student criterion. Differences 
were considered at a significance level of p < 0,05.

All procedures performed in studies involving 
human participants were in accordance with the 
Ethical Standards of the Institutional and National 
Research Committee and with the 1964 Declaration 
of Helsinki and its later amendments or comparable 
ethical standards. An informed consent was obtained 
from all individual participants included in the study. 
The full data set of children, their parents, and physi-
cian that support the findings of this study were not 
publicly available due to the restrictions of the ethics 
approval originally obtained.

Results. In this study, we determined the change 
in markers of iron metabolism in the observation 
groups depending on the level of vitamin D in the 
blood serum. We have previously described the he-
matological picture in study patients [7, 473–478].

At a level of 25(OH)D3≤30 ng/ml in the first 
subgroup moderate and mild anemia was observed 
with a hemoglobin content of 95(87; 106) g/L. With 
an increase in the content of 25(OH)D3 in the blood 
serum of children with AI there was a tendency to an 
increase in the hemoglobin level, and the anemia was 
characterized by a mild severity: at a 25(OH)D3 level 
of 30–45 ng/ml hemoglobin was 106(100; 109) g/L. 
Only in 1 patient from the first subgroup the 25(OH)
D3 content exceeded 45 ng/ml, while the hemoglobin 
index was 107 g/L, which is 1,3 times (p<0,05) higher 
than the indicators of the first quartile of the hemo-
globin level detected at 25(OH)D3 level ≤30 ng/ml. 
A similar clinical picture was observed in the com-
parison group: with vitamin D deficiency, the hemo-
globin level was 96,5 (95; 106) g/l, with 25(OH)
D3 30–45 ng/ml – 107 (96,5; 109) g/L, and only 
in one case 25(OH)D3≥45 ng/ml, while the hemo-
globin content was limited to 106 g/L. In the sec-
ond subgroup, a tendency towards an increase in the 
hemoglobin level was also revealed, proportional 
to the increase in the 25(OH)D3 content. At a level 
of 25(OH)D3 ≥45 ng/ml, the hemoglobin content 
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reached 136 g/L, while with a level of vitamin D 
provision in the range of 30–45 ng/ml, the hemoglo-
bin index was 119 (110; 129,5) g/L, at 25(OH)D3≤ 
≤ 30 ng/ml – 113 (110; 129) g/L. In the control group 
there was no deficiency in the provision of vitamin D.

The data on the EPO level in the blood serum of 
the studied patients are quite indicative. Thus, in the 
first subgroup, the EPO level at 25(OH)D3≥45 ng/ml 
was 1,8 times higher than its content at 25(OH)
D3≤30 ng/ml and 1,5 times higher at 25(OH)D3 
30–45 ng/ml (6,8 ng/ml versus 3,85 (3,5; 5,75) ng/
ml and 4,5 (4,2; 4,5) ng/ml, respectively, p<0.05). 
1,5 times the EPO content at 25(OH)D3≥45 ng/ml 
its level at 25(OH)D3≤30–45 ng/ml in the second 
subgroup (6,53 ng/ml, 4,35 (3,3; 4,5) ng/ml and 
4,5 (4,35; 5,75) ng/ml, respectively, p<0.05) and 
the comparison group (27,0 ng/ml, 23,5(20,5;  
29,5)ng/ml and 18,0 (14,0; 20,5) ng/ml, p<0.05).

In the first subgroup the ferritin content at 
25(OH)D3≤30 ng/ml was 1,3 times higher than 
its content in the groups of children with a suf-
ficient level of vitamin D provision (63,0(48,0; 
78,0) ng/ml, 47,75 (38,0; 55,0) ng/ml, 48 ng/ml, 
respectively, p <0,05). The tendency to its increase 
at 25(OH)D3≤30 ng/ml was also observed in the 
second group (52,0 (45,0; 68,0) ng/ml, 47,7 (34,0; 
50,2) ng/ml and 45 ng/ml, p>0,05). In the com-
parison group the ferritin level at 25(OH)D3≤30 
ng/ml was 2 times higher than its values at the con-
tent of vitamin 25(OH)D3≥45 ng/ml (48,0 (43,5; 
50,0) ng/ml, 23 ng/ml, p<0.05), and at 25(OH)D3≤ 
≤ 30–45 ng/ml, there was a tendency to its decrease 
(39,8 (33,0; 47,5) ng/ml, p<0.05).

We revealed a weakening of correlations with 
an insufficient level of vitamin D. Thus, at 25(OH)
D3≤30 ng/ml, a weak inverse correlation was not-
ed between it and ferritin (r= –0,12, p<0,05), and 
a moderate straight correlation – with hemoglobin 
(r =0,31, p <0,05) and EPO (r =0,3, p <0,05). At 
the same time, at 25(OH)D3>30 ng/ml, a moder-
ate inverse correlation was observed between it and 
ferritin (r= –0,36, p<0,05), and a moderate straight 

correlation – with hemoglobin (r=0,6, p<0,05) and 
EPO (r=0,5, p<0,05).

Discussion. In the course of this study, we exam-
ined the potential relationship between vitamin D 
status and the corresponding dynamics of some in-
dicators of iron metabolism. We noted a statistically 
significant decrease in hemoglobin concentration pro-
portional to an increase in vitamin D deficiency. This 
suggests that vitamin D deficiency may be a potential 
risk factor for the development of AI. In support of 
our hypothesis there is evidence from studies that de-
scribed an investigative relationship between 25(OH)
D3 and 1,25(OH)2D3 deficiency and the prevalence of 
anemia [8, 715–720; 9, 564–572]. Determination of 
a positive correlation relationship between the con-
centrations of hemoglobin and erythropoietin with 
vitamin D in the blood serum probably indicates a 
protective role of vitamin D against erythropoietic 
disorders. Icardi A. et al. (2013) described the inverse 
relationship between 25(OH)D3 status and EPO [8, 
715–720], which can be explained by the involvement 
of the reticuloendothelial system in the implementa-
tion of the immune defense reaction, due to which 
the synthesis of hepcidin increases with a decrease in 
the availability of iron, which will naturally lead to re-
sistance to EPO and the development of anemia [5, 
1672–1679]. The dynamics of ferritin value depend-
ing on the vitamin D status suggests that the need for 
iron sequestration as a protective reaction is inversely 
proportional to the protective function carried out by 
vitamin D, which may indicate ineffective erythropoi-
esis in patients with insufficient 25(OH)D3 provision. 
Another possible mechanism is that vitamin D direct-
ly stimulates erythroid precursors. Thus, it was studied 
that an increase in the concentration of 25(OH)D3 
reduces the expression of ferritin mRNA, and im-
munohistochemical analysis of the ferritin protein 
confirmed that the effect of 25(OH)D3 also leads to a 
decrease in the expression of the protein itself [9, 564–
572; 10, 1650–1658]. Based on the data presented in 
this study, we hypothesize that vitamin D metabolites 
are likely to maintain the expression of ferroportin in 
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the membrane, and its loss is associated with intracel-
lular iron deposition through ferritin, which, in turn, 
leads to AI of the iron-redistribution genesis. This is of 
direct importance for the control of systemic homeo-
stasis. In this situation, the functioning of vitamin D, 
aimed at protecting adequate erythropoiesis, is con-
sistent with its intracellular antibacterial activity. The 
mechanisms described above support our hypothesis 
that low vitamin D status may be a contributing factor 
to AI. At the same time, the active form of vitamin D 

can affect erythropoiesis by stimulating the prolifera-
tion and maturation of erythroid progenitor cells, and 
this may explain the positive effect of vitamin D in 
reducing the severity of AI.

Thus, according to the results of the study, it can 
be argued that the severity of the course of anemia of 
inflammation is determined by the level of vitamin 
D deficiency, which is apparently due to its effect on 
erythropoiesis due to sensitivity to EPO and pos-
sible indirect effects on ferritin synthesis.
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