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Abstract: Objective: To investigate the correlation between the vitamin A, D, and E levels and recurrent respiratory 
tract infections (RRTIs) in children of different ages. Methods: A total of 150 RRTI patients were divided into three 
groups: the 0 to 2 year-old group, the 3-5 year-old group, and the 6-14 year-old group. Collectively, we refer to the 
three groups as the RRTI group. The serum vitamin A, D and E levels were measured in the three groups. Healthy 
children without RRTIs were recruited as a control group. The correlations between the changes in the vitamin A, 
D, and E levels and the RRTIs were analyzed. Results: The vitamin A, D, and E levels decreased significantly in the 
children with RRTIs, but only the vitamin A and D levels were negatively correlated with the incidence of RRTIs, while 
the vitamin E levels were not significantly correlated with the incidence of RRTIs. The follow-up results showed that 
the serum vitamin A, D, and E levels in the RRTI group were significantly increased after the treatment, and the WBC 
and CRP levels were remarkably reduced. Conclusion: Monitoring the serum vitamin A and D levels helps determine 
the disease severity, and the supplementation of adequate vitamin A and D through diet or drugs is of great help 
in treating RRTIs.
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Introduction 

Recurrent respiratory tract infections (RRTIs) 
are upper and lower respiratory tract infections 
that frequently occur within a period of one 
year, a frequency far beyond the normal range 
[1-3]. Upper respiratory tract infection is a gen-
eral term for a group of diseases, including lar-
yngitis, pharyngitis-tonsillitis, viral pharyngitis, 
and the common cold, over 90% of which are 
caused by viruses. Lower respiratory tract in- 
fection refers to infections that develop below 
the throat, including various tracheitis, pneu-
monia, bronchiectasis, etc., which are attribut-
able to downward infections of pathogenic bac-
teria from upper respiratory tract infections 
[4-7]. RRTIs are common diseases in children, 
and the incidence of RRTIs has been increas- 
ing in recent years due to deterioration caused 
by environmental pollution. Repeated attacks 
are likely to happen, resulting in complicati- 
ons such as myocarditis, sepsis, nephritis, etc. 
[8-11]. Hospitalized children and those with low 

body immunity are susceptible to this disease, 
indicating that there is a certain correlation 
between the child’s immune system and the 
occurrence of the disease. Studies have shown 
that vitamins A, D, and E can enhance immu- 
nity, but studies that explore the correlation 
between the levels of vitamins A, D, and E in 
children and the occurrence of clinical RRTIs 
are rarely seen. In this study, a total of 150 chil-
dren with respiratory tract infections from dif-
ferent age groups were recruited as the study 
cohort, and, as the same time, 120 healthy chil-
dren were recruited as the control group, aim-
ing to explore the correlation between vitamins 
A, D, and E and children with different respira-
tory tract infections.

Methods

The study cohorts

A total of 150 children suffering from RRTIs 
treated in our hospital from August 2017 to May 
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2019 ranging in age from 0-14 years, old and 
who volunteered to participate in our study 
were divided into the 0-2 year-old group, the 
3-5 year-old group, and the 6-14 year-old group, 
with the three groups collectively called the 
RRTI group. At the same time, 120 healthy chil-
dren of the same ages were recruited as the 
control group. The diagnostic criteria of chil-
dren’s RRTIs were as follows: the frequencies  
of the upper and lower respiratory tract infec-
tions for the 0-2 year-olds were 7 times and 3 
times respectively; for the 3-5 year-olds they 
were 6 times and 2 times respectively; for the 
6-14 year-olds they were 5 times and 2 times 
respectively. This study was approved by the 
Ethics Committee of Cangzhou Central Hospi- 
tal. All the involved patients signed the inform- 
ed consent forms.

Measuring the serum vitamin A, D, and E lev-
els

About 2 mL of peripheral venous blood was 
drawn from each child according to the princi-
ple of aseptic operation, and the samples were 
stored in a biochemical tube protected from 
light. The blood was centrifuged at 4000 r/min 
for 10 minutes, and the supernatant was drawn 
into a clean EP tube to determination the serum 
vitamin A, D, and E levels. We used high-perfor-
mance liquid chromatography (HPLC) measure-
ment technology to determine the serum vita-
min A, D, and E levels. The measurement instru-
ment was a high-performance liquid chromato-
graph (German Keysys automatic biochemical 
analyzer), and the procedure was performed as 
required by the specifications of the kit.

Treatment methods

The RRTI group was given 2,500 U of vitamin A 
soft capsules each time, orally, once every 
other day in addition to the standard treat-
ments such as anti-infection and atomization, 
vitamin D drops 400 U each time, orally, once 
every other day, and vitamin E capsules 2.5 mg 
each time, orally, once every other day. All the 
patients in the study were followed up for 1 
year, and those who withdrew from the study 
during the follow-up period were excluded. The 
vitamin A, D, and E levels and the infection indi-
cators of the children in the RRTIs group were 
counted and compared before and after the 
treatment [white blood cell count (WBC) and 
c-reactive protein (CRP)].

Statistical methods

SPSS 21.0 statistical software was used for 
statistical analysis. The measurement data 
were expressed as the mean ± standard devia-
tion (x ± s). Independent sample t-tests were 
used for the comparisons between groups, the 
comparisons within a group were conducted 
using t tests. ANOVA was used for the compari-
son between multiple groups, and Pearson cor-
relation coefficients were performed for the 
correlation analysis. The graphics were mapped 
using GraphPad Prism 8. P < 0.05 was consid-
ered statistically significant.

Results

General information

According to the inclusion criteria, a total of 
150 children (0-14 years old) with RRTIs and 
120 healthy children (0-14 years old) were 
enrolled. There were no significant differences 
in the general information between each age 
group in terms of age, weight, or height (P > 
0.05, Table 1).

The proportions of the upper and lower respi-
ratory tract infections in the children of differ-
ent ages

The proportion of upper respiratory tract infec-
tions in the children aged 0-2, 3-5, and 6-14 
years old accounted for 73.69%, 71.0%, and 
68.90%, while the proportions of lower respira-
tory tract infections accounted for 26.31%, 
29.00%, and 31.10%.

The rates of vitamin deficiency measured in 
the children of different ages

We calculated the measurement rates of vita-
mins A, D, and E among the 150 children of all 
ages (Table 2). The rates of vitamin A deficiency 
measured in the 0-2, 3-5, and 6-14 year-old 
groups were 69.80%, 71.00%, and 68.90%, 
respectively, demonstrating that vitamin A  
deficiency is common in children. The rates of 
vitamin D and E deficiency in the 0-2, 3-5, and 
6-14 year-old groups were 16.70%, 10.90%, 
and 26.80% and 2.48%, 1.79%, and 2.69%, 
respectively, indicating that vitamin D and E 
deficiency are relatively rare among children.

The three groups’ vitamin A levels 

We tested the serum vitamin A levels in the chil-
dren of different ages. In the healthy children 
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aged 0-2, 3-5, and 6-14, the serum vitamin A 
levels were (0.5467 ± 0.07251), (0.6721 ± 
0.0798), and (0.6692 ± 0.08912) respectively, 
which were within the normal range (Table 3). In 
the RRTI children, the vitamin A levels were 
(0.3553 ± 0.09777), (0.3627 ± 0.06069), and 
(0.3241 ± 0.06252), respectively. By compari-
son, it was found that the vitamin A level in the 
RRTI children was significantly lower than of the 
vitamin A level in the normal children of the 
same age (P < 0.05), suggesting that the vita-
min A level has a certain correlation with the 
incidence of RRTIs.

The three groups’ vitamin D levels 

As shown in Table 3, the serum vitamin D levels 
in the healthy children and the RRTI children 
0-2 years old, 3-5 years old, and 6-14 years old 
were (60.28 ± 21.89), (62.89 ± 18.79), and 
(65.99 ± 21.72) and (11.91 ± 12.65), (12.70 ± 
5.988), and (26.63 ± 7.219). The data analysis 
showed that the vitamin D levels in the RRTIs 
group were significantly lower than the vitamin 
D levels in the healthy children of the same age 
(P < 0.05), showing that the vitamin D level has 
a certain correlation with the incidence of 
RRTIs.

The correlation analysis found that the vitamin 
A and D levels in the children aged 0-2, 3-5, and 
6-14 years were significantly correlated with 
the incidence of RRTIs (Table 4). The correla-
tion coefficients between the vitamin A levels 
and the incidence of RRTIs in the children aged 
0-2, 3-5, and 6-14 years were -0.601, -0.654, 
and -0.598, respectively. The correlation coef-
ficients between the vitamin D levels and the 
incidence of the RRTIs were -0.662, -0.683, 
-0.601 (P < 0.05). The correlation coefficients 
between vitamin E in the serum of the children 
of different age groups and the incidence of 
RRTIs were -0.189, -0.098, -0.124 (P > 0.05), 
demonstrating that the vitamin A and D levels 
have a significant correlation with the incidence 
of RRTIs.

Follow-up results

All the children with RRTIs were followed up. 
The serum vitamin A, D, and E levels were sig-
nificantly increased after the treatment in the 
RRTIs group, and their WBC and CRP levels 
were significantly reduced (P < 0.05), Table 5.

Discussion

Respiratory tract infections are common in chil-
dren and occur more often in spring and winter. 

Table 1. The general information of the children of different ages

Age (months) Body weight 
(kg) Height (cm)

Control group (0-2 years) 18.05 ± 3.44 12.89 ± 2.23 83.90 ± 4.51
RRTI group (0-2 years) 18.48 ± 4.36 12.20 ± 2.59 84.08 ± 4.99
t value 8.421 7.456 6.529
P value 0.249 0.5495 0.775
Control group (3-5 years) 58.55 ± 10.23 18.19 ± 9.13 108.90 ± 24.51
RRTI group (3-5 years) 58.48 ± 10.16 19.70 ± 10.15 110.08 ± 33.99
t value 7.441 6.522 7.328
P value 0.419 0.435 0.687
Control group (6-14 years) 108.55 ± 30.44 28.09 ± 12.23 139.90 ± 29.15
RRTI group (6-14 years) 111.48 ± 40.36 29.01 ± 12.59 141.08 ± 30.09
t value 9.378 5.751 7.663
P value 0.599 0.675 0.597

Table 2. The vitamin deficiency rates in the children of different ages
Index 0-2 years 3-5 years 6-14 years
The prevalence of Vitamin A deficiency 69.80% 71.00% 68.90%
The prevalence of Vitamin D deficiency 16.70% 10.90% 26.80%
The prevalence of Vitamin E deficiency 2.48% 1.79% 2.69%

The three groups’ vitamin 
E levels

Subsequently, we mea-
sured the serum vitamin 
E levels of the children of 
different ages. The serum 
vitamin E levels of the 
healthy children of differ-
ent ages and the children 
with RRTIs were mainta- 
ined at around 16 mg/L 
(Table 3). There was no 
significant difference in 
the vitamin E levels bet- 
ween the healthy group 
and the RRTI children (P > 
0.05), revealing that the 
serum vitamin E level may 
be related to RRTIs.

Correlation analysis be-
tween the vitamin A, D, 
and E levels of the three 
groups and RRTIs
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Table 3. Vitamin A, D, and E level in the children with different ages
Years Group Vitamin A level (mg/L) Vitamin D level (mg/L) Vitamin E level (mg/L)
0-2 years Control group 0.5467 ± 0.07251 60.28 ± 21.89 19.28 ± 5.77

RRTIs group 0.3553 ± 0.09777 11.91 ± 2.65 16.07 ± 3.47
t 6.412 28.739 7.845
P < 0.001 < 0.001 0.873
3-5 years Control group 0.6721 ± 0.0798 62.89 ± 18.79 18.92 ± 4.77

RRTIs group 0.3627 ± 0.06069 12.70 ± 5.99 15.52 ± 2.64
t 5.574 27.352 6.587
P < 0.001 < 0.001 0.535
6-14 years Control group 0.6692 ± 0.08912 65.99 ± 21.72 17.92 ± 4.28

RRTIs group 0.3241 ± 0.06252 26.63 ± 7.22 14.29 ± 2.18
t 5.541 24.451 7.378
P < 0.001 < 0.001 0.749

Table 4. Correlation analysis
Vitamin A level Vitamin D level Vitamin E level

r value P value r value P value r value P value
RRTIs group (0-2 years) -0.601 0.0129 -0.662 0.0098 -0.189 0.501
RRTIs group (3-5 years) -0.654 0.0098 -0.683 0.0191 -0.098 0.612
RRTIs group (6-14 years) -0.598 0.0101 -0.601 0.0112 -0.124 0.721

In developing countries, 20% of children die 
from respiratory infections, especially lower 
respiratory infections and pneumonia. Res- 
piratory tract infection is a general term involv-
ing a large class of diseases, and such infec-
tions can also trigger some complications, such 
as myocarditis, sepsis, nephritis, etc. [12-15]. 
Improving children’s own immunity can enhan- 
ce the resistance to these respiratory infec-
tions. Vitamins play vital roles in boosting im- 
munity in children and even adults, but few 
studies have reported a correlation between 
vitamin levels in children and RRTIs. This study 
analyzed children of different ages and explored 
the correlations between the vitamin A, D, and 
E levels in children of different ages and RRTIs.

The ciliated epithelial tissue in the respiratory 
tract can form a protective barrier for the respi-
ratory tract, but it is not fully developed in chil-
dren, and the expression of related receptors 
(such as toll receptors) in the epithelial tissue is 
low, and the resistance to pathogens is rather 
low, so respiratory infections are likely to occur. 
Vitamin A cannot only maintain the growth of 
cell functions and the integrity of the epitheli-
um, but it can also stimulate the body cells to 
produce certain cytokines, thereby promoting 
the production of antibodies by B cells. There- 

fore, vitamin A deficien-
cy can cause respirato- 
ry tract mucosal epithe-
lial squamous metapla-
sia, cortical keratiniza-
tion, epithelial shedding, 
and decreased mucus 
secretion. In particular 

after the reduction of SIgA, it can weaken the 
defense against microbial invasion and antivi-
ral activities, leading to repeated respiratory 
infections. In addition, vitamin A also partici-
pates in most of the oxidation processes in the 
body and promotes immunity, which makes 
children with respiratory infections more likely 
to be repeatedly infected, and repeated infec-
tions further damage the immune function and 
form a vicious circle. Vitamin D is a neuroendo-
crine-immunomodulatory hormone [12], and it 
mainly affects the proliferation, differentiation, 
and function of the body’s immune cells. Chil- 
dren with vitamin D deficiency have decreased 
cellular and humoral immunity, a reduced im- 
mune response, reduced antibody production, 
and an inability to clear antigens, leading to 
repeated infections. In addition, children with 
vitamin D deficiency have calcium absorption 
barriers, and calcium can enhance the ciliary 
movement of the trachea and bronchus, and 
enhance the airway clearance function [13]. 
Consequently, when vitamin D is lacking, the 
bronchial ciliary movement is weakened, and 
they are prone to various infections. Vitamin E 
has a strong antioxidant effect and has an irre-
placeable role in the growth and development 
of the human body. Peripheral blood T lympho-
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cyte percentages and the lymphocyte conver-
sion rate of people with low vitamin E content 
are significantly lower than those with normal 
vitamin E content; moreover, vitamin E can 
improve the stability of vitamin A [8] and affect 
the body through coordination with vitamin A 
immune function. Therefore, vitamins A, D, and 
E are fat-soluble micronutrients, which are 
essential and are beneficial to children’s devel-
opment [16-19]. In this study, we explored the 
correlation between vitamin levels and RRTI 
children of different ages. Our results found 
that the serum levels of vitamins A, D, and E in 
RRTI children aged 0-2, 3-5, and 6-12 years old 
were significantly lower than those in healthy 
children, suggesting that the vitamin A, D, and 
E levels have a certain correlation with the inci-
dence of the disease.

Studies have disclosed that vitamin A is related 
to the occurrence of multiple human diseases. 
The growth of respiratory ciliated epithelial tis-
sue is associated with vitamin A, and a defi-
ciency of vitamin A causes the epithelial cell 
cilia to disappear. It can generate more squa-
mous epithelia, resulting in the loss of glandu-
lar cell function. Further, such changes in turn 
reduce the partial defense function and in- 
crease the possibility of pathogen invasion, 
consequently causing respiratory infections. 
Meanwhile, the conversion rate of lymphocytes 
and immunoglobulins is associated with vita-
min A levels [20-25].

Thus, it can be seen that a lack of vitamin A will 
cause the body’s immunity to decrease, con-
tributing to the development of the disease. 
Vitamin D has to be exposed to hydroxylations 
twice in the body before exerting its biological 
effects, and it is involved in the metabolism of 
phosphorus and calcium and the regulation of 
the immune system. Vitamin D hydroxylated 
participates in lymphocyte proliferation, cell di- 
fferentiation, and cytokine secretion, and plays 

a critical role in immune diseases. Tocopherol 
vitamin E is correlated with T cell proliferation 
and cytokine IL-2 secretions, and it can enhance 
immune function and anti-inflammation [25-
30]. In this study, we found that the vitamin D 
and E levels in children with RRTIs were signifi-
cantly lower than the vitamin D and E levels in 
healthy children, revealing that the vitamin A, D, 
and E levels have a certain correlation with the 
clinical incidence of RRTIs. A further correlation 
analysis showed that vitamins A and D in the 
serum are negatively correlated with the inci-
dence of RRTIs, and the vitamin E levels are 
associated with disease, but the correlation 
was not significant. After 1 year of follow-up, it 
was found that after reasonable vitamin A, D, 
and E supplementation, the serum vitamin A, D, 
and E levels were significantly increased, and 
the WBC and CRP levels were significantly 
decreased in the children in the RRTIs group, 
suggesting that vitamin A, D, and E deficiency 
and the endoinflammatory response are closely 
related, but the specific mechanism needs fur-
ther study.

To summarize, the vitamin A, D, and E levels 
decrease significantly in children with RRTIs, 
but only the levels of vitamins A and D are sig-
nificantly negatively correlated with the inci-
dence of RRTI, suggesting that monitoring the 
serum vitamin A and D levels contributes to the 
determination of disease severity. An appropri-
ate amount of vitamins A and D supplementa-
tion via the diet or drugs is conducive to the 
treatment of RRTIs. The limitation of this study 
is that it did not carefully divide the different 
vitamin deficiencies of each age group region-
ally. In the future, epidemiological investiga-
tions will be increased and more detailed 
research will be conducted. 

Disclosure of conflict of interest
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Table 5. Comparison of the serum vitamin A, D, and E and the infection index levels before and after 
treatment in the RRTI group (x ± s)

Time Vitamin A level 
(mg/L)

Vitamin D level 
(mg/L)

Vitamin E level 
(mg/L) WBC (109) CRP (mg/L)

before treatment 0.35 ± 0.02 17.07 ± 3.44 15.29 ± 2.33 13.77 ± 4.74 11.95 ± 6.71
after treatment 0.63 ± 0.06 63.05 ± 19.79 18.71 ± 7.88 10.89 ± 4.54 8.77 ± 6.53
t 8.800 2.530 5.097 5.374 4.160
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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