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Serum levels of vitamin A and 25-hydroxyvitamin
D3 (25OHD3) as reflectors of pulmonary function
and quality of life (QOL) in children with stable
asthma
A case–control study
Ya-Jie Bai, MMa,∗, Ru-Jun Dai, MMb

Abstract
Background: This study aims to explore the relationship between serum vitamin A and 25-hydroxyvitamin D3 (25OHD3) levels
with pulmonary function and quality of life (QOL) in children with stable asthma.

Methods: A total of 117 cases of children with stable asthma were assigned into the case group and 129 healthy children
underwent physical examination during the same period into the control group. Electrochemiluminescence was employed to
determine serum vitamin A and 25OHD3 levels. The children with stable asthma were further divided into the mild, moderate, and
severe groups according to their degree of asthma. A pulmonary function meter was used to assess the pulmonary function indexes:
percentage of forced expiratory volume in 1 sec/predictive value (FEV1%pred), forced vital capacity (FVC), forced expiratory volume in
1 sec/forced vital capacity (FEV1/FVC), peak expiratory flow (PEF), and maximal voluntary ventilation (MVV). The children’s quality
(QOL) of life with asthma was evaluated by their activities of daily living (ADLs) and Medical Research Council (MRC) scores. Pearson
correlation analysis was applied to analyze the correlations of serum vitamin A and 25OHD3 levels with FEV1%pred, FVC, FEV1/FVC,
PEF, MVV, ADL, and MRC.

Results: Serum vitamin A and 25OHD3 levels were lower in children with stable asthma than those who were in the control group
(P< .05). The severe group showed the lowest FEV1%pred, FVC, FEV1/FVC, PEF, MVV, and ADL scores, and the highest MRC score
compared to the mild and moderate groups (all P< .05). Serum vitamin A and 25OHD3 levels were positively correlated with
pulmonary function and ADL score in children with stable asthma, while serum vitamin A and 25OHD3 levels were negatively
correlated with MRC score (all P< .05). In the case group, serum vitamin A and 25OHD3 levels were positively correlated with serum
calcium and phosphorus levels (all P< .05).

Conclusion:These findings indicate that increased serum vitamin A and 25OHD3 levels reflect good pulmonary function and good
QOL in children with stable asthma.

Abbreviations: ADL = activity of daily living, FEV1%pred = percentage of forced expiratory volume in 1 sec/predictive value,
FEV1/FVC = forced expiratory volume in one second/forced vital capacity, FVC = forced vital capacity, MRC = Medical Research
Council, 25OHD3 = 25-hydroxyvitamin D3, QOL = quality of life.
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1. Introduction

Bronchial asthma, or also known as asthma, is a very common
respiratory disease, which often presents with clinical features
such as airway infiltration of mast cells eosinophils and activated
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T helper lymphocytes. Asthma is a chronic inflammatory
disease of the airways of the lungs that is foundmost frequently in
the pediatric population.[2] Asthma currently affects more than
0.3 billion in the world and is expected to affect another
0.1 billion people by 2025.[1] The distribution of asthma in
children is occurredmost frequently in thewestern and is growing
increasingly more common in other regions such as Central and
South America, Eastern Europe, and Africa.[3] Allergies are
strongly linked to asthma and to other respiratory diseases such
as sinusitis, ear infections, and nasal polyps. Asthma is regarded
as an allergic condition, for which the risk factors that are
involved with its onset include rhinovirus infections secondhand
smoking and outdoor air pollution.[3] Control is of pivotal
importance in asthma management, before which identifying the
severity of asthma must be included in the diagnosis. Long-term
asthma management includes undergoing inhaled corticosteroids
treatment in both children and adults.[4] In addition, traditional
Chinese medicine has been found to regulate the expression of
leukotriene receptor gene and Th1/Th2 cellular immunity
imbalance when children suffer from asthma.[5] Current clinical
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trials have produced newer forms of treatments for allergy and
immunology has been continuingly found in asthma therapy.[6]

Although many guidelines and medications are available, a
definite cure for asthma remains to be found as well as a need for
the control of asthmatic symptoms still remain inadequate.[7]

Vitamin A supplementation has been recently found to be
helpful in asthma control.[8] Vitamin A, also known as retinoic
acid, is essential in normal development and differentiation of
lung airways; furthermore, vitamin A deficiency is related to
many lung problems including asthma.[9] 25-Hydroxyvitamin
D3 (25OHD3) can be obtained from various sources: the
exposure of the epidermis to the sunlight allows the body to
synthesize 25OHD3, we can take additional supplements of fish
oil which contains high levels of 25OHD3.[10] It has been found
that lower serum 25OHD3 levels are epidemiologically related to
higher occurrence of respiratory infections both in upper and
lower respiratory tracts, and vitamin D deficiency is closely
connected with badly aggravation of asthma.[11] It has been
demonstrated that 25OHD3 supplementation helps more to
elevate quality of life (QOL) effectively than to alleviate the
pulmonary damages caused by severe asthma.[12] Therefore, we
carry out this investigation in order to explore the effects of serum
vitamin A and 25OHD3 on pulmonary function and QOL in
children with asthma, in hopes of providing useful guidance for
improving pulmonary function and QOL.
2. Materials and methods

2.1. Ethical statement

This study was approved by the Ethics Committee of Cangzhou
Central Hospital. All children’s parents had signed the informed
consents regarding the procedures of the whole investigation.

2.2. Study subjects selection and criteria

From January 2013 to December 2016, 117 children with stable
asthma were assigned into the case group, and 129 healthy
children were assigned the control group during the same period
after a thorough physical examination. Diagnostic criteria that
was used to help assign children into the case group include[13]:
scattered or diffuse wheeze mainly in expiratory phase can be
heard in both lungs during an asthmatic attack with prolonged
expiratory time, which could be treated or self-relief; recurrent
episodes of wheezing, shortness of breath, chest tightness, or
cough when exposed to cold air, allergens, chemical stimulation,
physical stimulation, and upper respiratory tract virus infections,
all of which could be treated or relieved by self. Inclusive criteria:
patients are in accordance with the guidelines for prevention and
treatment of bronchial asthma in China; patients are able to
cooperate and comply with pulmonary function tests. Exclusion
criteria: patients with restrictive ventilation dysfunction; patients
with a previous history of calcium supplementation; patients who
have recently taken vitamin D; patients with other serious
diseases; and patients who are unable to complete the pulmonary
function tests.

2.3. Blood collection and measurement

Three milliliter of the morning fasting peripheral venous blood
was collected from children in the both case and control groups,
respectively. Blood samples were placed in anticoagulation tubes
containing ethylene diamine tetraacetic acid at room temperature
for 60 minutes and then centrifuged for 10 minutes at 3000rpm.
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The serum was kept at �80 °C. Serum vitamin A and 25OHD3
levels were measured by a full-automatic Chemiluminescence
Immunoassay Analyzer (Roche Ccobas e601) with corollary
reagents. The reaction was carried out using 2 steps: serum
vitamin A and 25OHD3 in the serum samples first competed with
biotin labeled vitamin A and 25OHD3, respectively. Immuno-
complex was formed as a result through the biotin–streptavidin
interaction after adding streptavidin labeled magnetic particle.
ProCell was applied to wash away the materials that did not
combine. Chemiluminescence was conducted after the electrode
was added to the voltage. Luminous intensity wasmeasured using
a photomultiplier. All the steps were carried out strictly in
accordance with the instructions.
2.4. Assessment and measurements of pulmonary
function

Children in the case group and the control groupwere asked to be
sat down and asked to put on a mouthpiece and nose clip. They
were then asked to place their hands on the cheeks and raised
their heads up with the neck straight and breathe normally. The
pulmonary function indexes were recorded once the detector was
stable which measured patients’ forced vital capacity (FVC),
percentage of forced expiratory volume in 1 sec/predictive value
(FEV1%pred), forced expiratory volume in 1 sec/forced vital
capacity (FEV1/FVC), peak expiratory flow, and maximal
voluntary ventilation. According to the criteria of pulmonary
function, the levels were graded as[14]: mild, FEV1%pred ≥80%
and FEV1/FVC (%) >70%; moderate, 60% �FEV1%pred
<80% and FEV1/FVC (%) >70%; and severe, FEV1%pred
<60% and FEV1/FVC (%) >70%. According to the different
levels of pulmonary function, the case group was further
subdivided into 3 subgroups: the mild group, the moderate
group, and the severe group. After grading, the pulmonary
function meter (Medikro Oy, Kuopio, Finland) was used to
measure serum vitamin A/25OHD3 levels and pulmonary
function indexes under different pulmonary functions.
2.5. QOL evaluation

QOL was evaluated based on the activity of daily living (ADL)
score and Medical Research Council (MRC) score. ADL score
standards[15] were as follows: patients are unable to carry out their
daily activities received a score of 1; patientswho suffer severe pain
during daily activities received a score of 2; patients who suffer
moderate pain during daily activities received a score of 3; patients
who suffer mild pain during daily activities received a score of 4;
and patients do not suffer any form of pain during their daily
activities received a score of 5. MRC scoring criteria were listed as
the following[16]: patients who have severe breathing difficulties or
have breathing difficulties when dressing or undressing themselves
received a score of 4; patients who need to rest after walking for
100m on a flat leveled platform received a score of 3; patients who
walk slower than their peers onaflat bottomandneed to rest after a
long distance of walking received a score of 2; patients have
breathing difficulties when walking quickly on a flat platform or a
small slope received a score of 1; and patients whose wheezing
occur only during intense exercises received a score of 0.
2.6. Statistical analysis

Statistical analysis was performed using SPSS21.0 software (SPSS
Inc., Chicago, IL).Measurement data were presented as amean±



Table 1

Comparisons of baseline characteristics of children in the case
and control groups.

Baseline characteristic Control group Case group P

Case 129 117
Age, y 8.93±2.76 8.52±2.37 .239
Weight, kg 28.23±8.88 28.04±10.58 .881
Allergic history (yes/no) No no 1.000
Serum calcium, mmol/L 2.48±0.22 2.10±0.47 <.001
Serum phosphorus, mmol/L 1.56±0.29 1.41±0.24 <.001
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standard deviation. Comparisons between the case and control
groups were analyzed by a t test. Comparisons among multiple
groups were carried out by an F test. Pearson correlation analysis
was applied for analyzing correlation. Values of P< .05 were
considered as statistically significant.

3. Results

3.1. Baseline characteristics of children in the case and
control groups

Age, weight, and allergic history showed no significant differ-
ences in the 2 groups (all P> .05). The serum calcium level was
2.48±0.22mmol/L and the serum phosphorus level was 1.56±
0.29mmol/L in the control group. The serum calcium level was
2.10±0.47mmol/L and the serum phosphorus level was 1.41±
0.24mmol/L in the case group. The calcium and phosphorus
levels in both groups showed significant differences between each
other (all P< .05) (Table 1).

3.2. The severe group shows the lowest serum vitamin A
and 25OHD3 levels

Electrochemiluminescence was employed to determine serum
vitamin A and 25OHD3 levels. The results showed that serum
vitamin A and 25OHD3 levels in 3 case groups were all lower
than those in the control group (P< .05). The moderate and
severe case groups showed lower serum vitamin A and 25OHD3
levels compared to the mild group. Additionally, the severe group
showed lower serum vitamin A and 25OHD3 levels compared to
the moderate group (Fig. 1).
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Figure 1. Serum vitamin A and 25OHD3 levels between the case group and the c
with the mild group, P< .05; and &, compared with the severe group, P< .05; 2

3

3.3. Serum vitamin A and 25OHD3 levels are positively
correlated with serum calcium and phosphorus levels

In the case group, serum vitamin A and 25OHD3 levels were
decreased, and serum calcium and phosphorus levels were also
decreased in comparison to the control group. Correlation
analysis revealed that serum vitamin A and 25OHD3 levels were
positively correlated with serum calcium and phosphorus levels
(all P< .05) (Fig. 2).

3.4. Serum vitamin A and 25OHD3 levels decreased
differently according to the degree of asthma in children
with stable asthma

According to the pulmonary function grading, patients in the case
group were subdivided into 3 subgroups: the mild group (n=21,
FEV1%pred ≥80%, FEV1/FVC [%]>70%), the moderate group
(n=39, 60% �FEV1%pred <80%, FEV1/FVC [%] >70%), and
the severe group (n=57, FEV1%pred <60%, FEV1/FVC [%]
>70%). Pulmonary function grading results showed that the
serum vitamin A and 25OHD3 levels decreased differently
according to the degree of asthma in children with stable asthma
(P< .05) (Table 2).
3.5. Children in the severe group have the lowest QOL

The results of the MRC and ADL scores demonstrated that the
QOL in children with stable asthma in the mild, moderate, and
severe groups decreased significantly compared to those in the
control group (all P< .05). Compared with the mild and
moderate groups, children in the severe group had the lowest
QOL whereas those in the moderate group the 2nd highest and
those in the mild group had the highest QOL (all P< .05)
(Table 3).
3.6. Correlations of the serum vitamin A and 25OHD3
levels with the pulmonary function and QOL in children
with stable asthma

Pearson correlation analysis showed that serum vitamin A and
25OHD3 levels were positively correlated with pulmonary
function indexes (FEV1%pred, FVC, FEV1/FVC, peak expiratory
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Figure 2. Serum vitamin A and 25OHD3 levels with serum calcium and phosphorus levels. (A) Correlation between serum vitamin A and serum calcium levels; (B)
correlation between serum vitamin A and serum phosphorus levels; (C) correlation between 25OHD3 and serum calcium levels; and (D) correlation between
25OHD3 and serum phosphorus levels. 25OHD3=25-hydroxyvitamin D3.
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flow, and maximal voluntary ventilation) and ADL score in
children with stable asthma, while serum vitamin A and
25OHD3 levels were negatively correlated with MRC score
(all P< .05) (Table 4, Fig. 3).

4. Discussion

In this study, we explored the relationship between different
levels of serum vitamin A and 25OHD3with pulmonary function
and QOL in children with stable asthma. Our findings have
demonstrated that increased serum vitamin A and 25OHD3
levels are correlated with good pulmonary function and a high
QOL in children who are affected.
Results first showed that the serum calcium and phosphorus

levels of children with stable asthma in the case group were lower
than those in the healthy children control group. In line with our
study, Oladipoo et al provided solid evidence that stable
Table 2

Comparisons of serum vitamin A and 25OHD3 levels with pulmonary

Group Mild group Moderate group

Case 21 39
Vitamin A, mmol/L 19.65±1.43† 15.08±1.15†,‡

25OHD3, mmol/L 30.88±3.37† 22.36±2.79†,‡

FEV1%pred 87.17±6.61† 71.63±5.75†,‡

FVC, L 3.16±0.34† 2.65±0.20†,‡

FEV1/FVC, % 82.24±4.99† 74.82±4.52†,‡

PEF, L/s 4.39±0.61† 3.62±0.39†,‡

MVV, L/min 24.67±1.59† 21.95±1.13†,‡

∗
P< .05. FEV1%pred=percentage of forced expiratory volume in 1 sec/predictive value, FVC= forced

expiratory flow.
† Compared with the mild group, P< .05.
‡ Compared with the moderate group, P< .05.

4

asthmatics have lower calcium and phosphorus levels compared
to healthy controls.[17] Interestingly, the result of correlation
analysis showed that serum vitamin A and 25OHD3 levels were
positively correlated with serum calcium and phosphorus levels.
A relevant study demonstrated that Vitamin D is essential in
serum calcium and phosphorus regulation, thereby explaining
how high levels of vitamin D reflect proportional levels of serum
calcium and phosphorous.[18] Based on these findings, we can
infer that vitamin A also plays a critical role in serum calcium and
phosphorus regulation. 25OHD3 is associated positively with
serum calcium and phosphorus, which is consistent with our
study.[19] The characteristic of asthma is airway hyper-respon-
siveness and variable airflow obstruction, partly caused by
excessive contraction of airway smooth muscle, adhering to
primary cell culture.[20] A previous study also revealed that
childrenwith asthma had lower serum vitaminD compared to the
healthy children; with vitamin D deficiency, the asthmatics also
function indexes in the case and control groups.

Severe group Control group F P

57 129
10.55±0.96†,‡,x 25.05±2.24 995.3 <.001
17.51±2.11†,‡,x 34.53±3.92 387.5 <.001
52.28±4.76†,‡,x 95.06±7.25 611.2 <.001
2.06±0.17†,‡,x 3.57±0.46 241.0 <.001
70.08±3.36†,‡,x 87.52±5.52 204.9 <.001
3.11±0.28†,‡,x 4.98±0.63 186.9 <.001
16.52±0.65†,‡,x 29.32±2.27 707.4 <.001

vital capacity, MVV=maximal voluntary ventilation, 25OHD3=25-hydroxyvitamin D3, PEF=peak



Table 4

Correlations of the serum vitamin A and 25OHD3 levels with pulmonary function and QOL in children with stable asthma.

Vitamin A 25OHD3

Index R P R P

FEV1%pred 0.883 <.001 0.790 <.001
FVC 0.875 <.001 0.770 <.001
FEV1/FVC 0.672 <.001 0.700 <.001
PEF 0.628 <.001 0.672 <.001
MVV 0.882 <.001 0.781 <.001
ADL 0.574 <.001 0.603 <.001
MRC �0.585 <.001 �0.579 .001

FEV1%pred=percentage of forced expiratory volume in 1 sec/predictive value, FVC= forced vital capacity, MVV=maximal voluntary ventilation, 25OHD3=25-hydroxyvitamin D3, PEF=peak expiratory flow,
QOL=quality of life.

Table 3

Comparisons of MRC and ADL scores in the case and control groups.

Group Mild group Moderate group Severe group Control group F P

Case 21 39 57 129
MRC score 3.82±0.39† 4.31±0.42†,‡ 4.65±0.41†,‡,x 3.46±0.21 207.3 <.001
ADL score 3.75±0.31† 3.36±0.31†,‡ 3.02±0.25†,‡,x 4.10±0.35 174.2 <.001
∗
P< .05. ADL= activity of daily living, MRC=medical research council.

† Compared with the control group, P< .05.
‡ Compared with the mild group, P< .05.
x Compared with the moderate group, P< .05.
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Figure 3. The serum vitamin A and 25OHD3 levels with pulmonary function and QOL. (A) Correlation of vitamin A with pulmonary function and quality of life; (B)
correlation of 25OHD3 with pulmonary function and quality of life. ADL=activity of daily living, FEV1%pred=percentage of forced expiratory volume in 1 sec/
predictive value, FVC= forced vital capacity, MRC=Medical Research Council, MVV=maximal voluntary ventilation, 25OHD3=25-hydroxyvitamin D3, PEF=peak
expiratory flow, QOL=quality of life.

Bai et al. Medicine (2018) 97:7 www.md-journal.com

5

http://www.md-journal.com


Bai et al. Medicine (2018) 97:7 Medicine
had lower phosphorus levels because of less exposure to sunlight
and less physical activity.[21]

In our investigation, we found that the serum vitamin A and
25OHD3 levels in children with asthma were also lower than
those in healthy children. Vitamin A plays an important role in
the regulation of early lung development and alveolar forma-
tion,[22] as well as the maintain of the immune system and needed
for good vision.[23] Vitamin A deficiency has been proven to
result in an adverse effect on lung development and it is easy to
suffer from asthma.[24] One study suggested that serum vitamin A
levels were lower in people with asthma than in healthy
people.[25] 25OHD3 is a known metabolite of vitamin D.
Measuring the concentration of 25OHD3 is a useful tool to help
determine the patient’s vitamin D status.[26] Research has shown
that the level of vitamin D was found to be lower in patients with
asthma when compared with the controls.[27,28] It was suggested
that vitamins A, D, and E, and antimicrobial peptide LL-37 had
immunomodulatory effects, especially, serum vitamin A and
25OHD3 were associated with allergic and immune response,
and higher vitamin A levels were related to less viral detection and
higher 25OHD3 levels were associated with less allergic rhinitis
and atopy.[29] A study showed that 25OHD3 has antiinflamma-
tory effect in Th2-dependent asthma model and 25OHD3
regulates the migration of cells and inhibits Th function at sites of
inflammation, thus attenuating the inflammatory pathway in
asthmatic conditions.[30] Consistent with our results, previous
findings also indicated that 25OHD3 levels were also lower in
asthmatic patients compared to healthy people in spite of their
allergy and increased asthma risk.[31] In addition, a previous
study revealed that decreased 25OHD3 level was associated with
vitamin D deficiency,[32] and children develop asthma related to
vitamin D intake during pregnancy, and one study proves that
higher vitamin D levels always accompany with decreasing
severity of asthma,[33] from which we could infer that decreased
25OHD3 level was related to asthma. Furthermore, another
study showed that lower vitamin A level contributes to severity of
asthma.[34]

Based on our pulmonary function measurements, we infer
from our data that serum vitamin A/25OHD3 levels and lung
function indexes decreased proportionally in different degrees of
children with stable asthma according to the degree of asthma.
Previous evidence revealed that children who had a predisposing
condition of asthma had higher risk for developing a more
moderate and severe form asthma.[21] A study focused on serum
25OHD3 level and pulmonary function in patients with different
phenotypes of asthma found that serum 25OHD3 level was
associated with pulmonary function.[31] Furthermore, our study
illustrated that the QOL in children with asthma in the mild,
moderate, and severe groups decreased obviously compared to
the control group, with the severe group being the lowest. The
QOL was highest in children in the mild group. QOL in patients
with asthma is influenced by many factors: the severity of clinical
symptoms, morbidity, gender, and the psychological resources
available so as to deal with such difficulties.[35] The asthma-
specific QOL is a well-practical tool which could indicate the
characteristic of patients with asthma and the QOL measured by
it was more sensitive.[36] Elkholy et al also confirmed that asthma
could decrease health-related QOL.[37] Pearson correlation
analysis also confirmed that serum vitamin A and 25OHD3
levels were positively correlated with pulmonary function index
and ADL score in children with stable asthma, while negatively
correlated with MRC score.
6

In conclusion, our study demonstrated that increased serum
vitamin A and 25OHD3 levels were related to good pulmonary
function and goodQOL in children with stable asthma. Although
this study did not provide enough supporting evidence on how
serum vitamin A and 25OHD3 can directly affect the onset of
asthma, we thus need to rely on further large-scale trails to help
draw other conclusions.
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