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ABSTRACT

Background: Asthma is a chronic immunological disorder of the lungs. Vitamin D has several effects on the innate
and adaptive immune systems. Little is known about vitamin D level and its impact on severity of asthma in children.
This study aimed to determine vitamin D levels in asthmatics versus control children; studying the relation if any
between these levels and asthma severity.

Methods: This cross-sectional study was conducted on 60 asthmatic children and 20 apparently healthy children as
controls. Asthma patients were divided into 3 groups (mild, moderate, severe; 20 each). Asthma severity was based
on GINA criteria. Vitamin D level was measured to all study group.

Results: The difference between the mean values of vitamin D level in control and asthmatic patients was statistically
significant (p<0.001). This difference between control group and each asthma subgroup and between asthma
subgroups versus each other were statistically significant being highest in control and lowest in patients with severe
asthma (p<0.001). Differences in vitamin D status in control and all asthmatic patients were statistically significant
(p<0.001). The difference between control group and each asthma subgroup according to vitamin D status were
statistically significant (p<0.001). Concerning asthma subgroups the difference in vitamin D status between severe
versus mild and moderate asthma were statistically significant (p<0.001), while between mild and moderate asthma it
was not.

Conclusions: Significantly lower vitamin D level in asthmatic children compared to controls and a differential
decrease in vitamin D levels in asthmatic children being lowest in severe asthma was confirmed.
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INTRODUCTION

Asthma, one of the most substantial health problem
affecting children worldwide, is a chronic respiratory
disease distinguished by airway hyper-responsiveness,
intensive airway, inflammation and airflow obstruction in
response to particular triggers.”

Asthma prevalence among Egyptian children aged 3-15
years was estimated to be 8.2%.%* This high prevalence
of asthma worldwide may be affected by changing
environmental factors associated with westernized
lifestyles.

The exact mechanisms involved in occurrence of asthma
are somewhat not well understood, in part due to the
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marked heterogeneity of the disorder in both adults and
children and multiple aberrated immune responses which
are associated with this disarray.™**®

Countless dietary hypotheses have been introduced for
the prevention and treatment of asthma, among the
nutrients and antioxidants included in this theories,
vitamin D is of distinct interest.” Increasing evidence
demonstrates that vitamin D deficiency plays a role in
chronic diseases including asthma, presumably through
the immunomodulatory effects of vitamin D.'%*? Vitamin
D has been shown to have a prominent role in both innate
and adaptive immunity by promoting phagocytosis and
modulating the effects of Thl, Th2 and regulatory T
cells.**® Vitamin D deficiency has been associated with
increased airway hyper-responsiveness (AWH),decreased
pulmonary function, bad asthma control and increased
steroid resistance.’®” Cellular studies revealed that
vitamin D harmonize the activity of multiple defence and
immune cells including monocytes, lymphocytes,
macrophages, and epithelial cells. Vitamin D was proved
to promote the production of Treg cells, IL-10-secreting
Tregs which are of specific importance, as IL-10 is an
influential anti-inflammatory cytokine and it inhibits TH1
and TH2 immune responses, which has led to
considerable interest in its role in allergic inflammation.*®

Airway epithelial cell express enzymes of the vitamin D
metabolism and are competent to transform the precursor
25(0H)D; into the active 1,25(0H),D; form.*?° This
activated form of vitamin D is able to modify the
inflammatory cascade after a viral infection by blocking
the poly (I:C) induced cytokine and chemokine
production while preserving the antiviral activity.”* Since
the epithelial cells are primary distension of respiratory
microorganisms and since Vitamin D induce the
production cathelicidin which has antiviral and
antibacterial activity, a seasonal decrease of vitamin D
dependent epithelial host defence could be reason for the
increased frequency of lower respiratory tract infection
during winter.**?°

Respiratory viral infections are important triggers of
asthma exacerbations. Recent data suggest that vitamin D
reduces the risk of respiratory viral infection by damping
of inflammation which is a sequence of infections. In a
randomized study it was found that those receiving
double the daily requirements of vitamin D had a 60%
decrease in the incidence of seasonal influenza or
common cold. However, those taking 2,000 1U/d had a
90% reduction.?? Thus, deficiency of vitamin D might
have been responsible for the increased incidence of
respiratory tract infections, and accordingly, more asthma
worsening.”

The focus of the present work was to determine 25-
hydroxy vitamin D levels in asthmatics versus control
children and to detect the relation if any between these
levels and asthma severity.

METHODS

This cross-sectional study was conducted on 60 patients
with proven diagnosis of persistent bronchial asthma and
20 apparently healthy age and sex matched children
served as control. The patients and controls were
recruited from Asthma Clinic and Outpatient departments
of El-Shatby Alexandria University Children’s Hospital
from October 2014 to January 2015 Asthma patients were
divided into 3 groups; 20 with mild persistent asthma, 20
with moderate persistent asthma and 20 with severe
persistent asthma based on GINA criteria.?*

Inclusion criteria

Inclusion criteria were patients with persistent asthma
aged >2 years to exclude occasional wheezes due to viral
respiratory tract infections.

Exclusion criteria

Patients were excluded if they were mild intermittent
asthma; receiving drugs that may affect vitamin D serum
level as phenytoin, phenobarbital, rifampicin; having
other chronic illness as congenital heart disease, cystic
fibrosis, etc; receiving vitamin D supplementation.

Vitamin D serum level was measured using the 25(OH)
Vitamin D Total Assay. It is a direct competitive
chemiluminescence immunoassay for human serum or
plasma intended for use on the DiaSorin LIAISON
automated analyzer.? vitamin D status was considered to
be deficient if serum level <10 ng/ml, insufficient from
10-30 ng/ml and sufficient from 30-70ng/ml.%

RESULTS

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0.

Qualitative data were described using number and
percent. Quantitative data were described using mean and
standard deviation for normally distributed data while
abnormally distributed data was expressed using median,
minimum and maximum.

Comparison  between different groups regarding
categorical variables was tested using Chi-square test.
When more than 20% of the cells have expected count
less than 5, correction for chi-square was conducted using
Fisher’s Exact test or Monte Carlo correction.

The distributions of quantitative variables were tested for
normality using Kolmogorov-Smirnov test, Shapiro-Wilk
test and D'Agstino test, also histogram and QQ plot were
used for vision test. If it reveals normal data distribution,
parametric tests was applied. If the data were abnormally
distributed, non-parametric tests were used.
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For normally distributed data, comparison between two
independent population were done using independent t-
test while more than two population were analyzed F-test
(ANOVA) to be used and Post Hoc test (Scheffe).

Significance test results are quoted as two-tailed
probabilities. Significance of the obtained results was
judged at the 5% level.

Concerning age, the mean values of control and patients
with mild, moderate and severe persistent asthma were
(6.61+2.46), (6.58+1.52), (5.63+1.93) and (5.99+1.96)
respectively. There were no statistical significant
differences between control group and asthmatic
subgroups or between the asthmatic subgroups versus
each other (p=0.338). As for sex, the asthmatic subgroups
and control were also matched as (p=0.419) (Table 1).

Table 1: Demographic data in studied groups.

Control Mild asthma Moderate asthma Severe asthma P value
No % No % No % No %
Sex
Male 12 60.0 7 35.0 8 40.0 9 45.0 o= 0.419
Female 8 40.0 13 65.0 12 60.0 11 55.0 '
Age
Min.—Max. 2.80-11.0 4.0-9.20 3.30-11.0 3.50-11.0
MeanzSD 6.61%2.46 6.58+1.52 5.63+1.93 5.99+1.96 0 =0.338
Median 5.80 6.15 4,54 6.0

P value for comparing between the studied groups; y% Chi square test; F: F test (ANOVA).

Tables 2: Comparison between mean serum level of vitamin D in control and all asthma patients.

Control (n=20)

Cases (n=60)

Vitamin-D level (ng/ml)

Min.—Max. 27.0-47.20 4.0-28.80

Mean+SD 34.70+5.90 17.0146.61 <0.001*
Median 34.0 15.80

P value for Student t-test for comparing between the two studied group; *: Statistically significant at p<0.05.

Table 3: Comparison between control and asthma subgroups according to vit D level.

Control Mild asthma  Moderate * Severe P value

Vitamin-D level (ng/ml)

Min.—Max. 27.0-47.20 18.90-28.80 10.80- 23.20 4.0-17.70

Mean+SD 34.70+5.90 24.11+3.17 16.48+3.67 10.44+3.66  <0.001*
Median 34.0 24.80 14.90 10.85

P <0.001" <0.001" <0.001"

P, <0.001" <0.001"

[ <0.001"

P value=Post Hoc Test (Scheffe) was used for comparing between the two studied groups; p;: value for comparing between control with
each other group; p,: value for comparing between mild asthma with moderate and severe; ps: value for comparing between moderate
and severe; *: Statistically significant at p<0.05.

Table 4: Comparison between the two studied groups according to vitamin-D status.

Control (n=20) Cases (n=60)

No % No %
Vitamin-D level (ng/ml)
Deficiency (<10) 0 0.0 7 11.7
Insufficiency(10 - <30) 5 25.0 53 88.3 <0.001*
Sufficient (>30) 15 75.0 0 0.0
Total 20 100.0 60 100.0

P value for Monte Carlo test for comparing between the two studied group; *: Statistically significant at p<0.05.
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Table 5: Vitamin-D status in different asthma subgroups and control.

Control Mild asthma Moderate Severe P value
No % No No % No %
Vitamin-D level (ng/ml)
Deficiency (<10) 0 0.0 0 0.0 0 0.0 7 35.0
Insufficiency(10 - <30) 5 25.0 20 100.0 20 100.0 13 65.0 <0.001*
Sufficient (>30) 15 75.0 0 0.0 0 0.0 0 0.0
Total 20 100.0 20 100.0 20 100.0 20 100.0
Ep, <0.001* <0.001* <0.001*
"Ep, - 0.008*
"Ep; 0.008*

P value for Monte Carlo test for comparing between the studied group y*: Chi square test FE: Fisher Exact test p,: value for comparing
between control with each other group; p,: value for comparing between mild asthma with moderate and severe; ps: value for comparing

between moderate and severe*: Statistically significant at p<0.05.
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Figure 1: Scattered plot for the different studied groups according to vitamin-D level.

The mean values of vitamin D serum level in control and
all asthmatic patients were 34.70£5.90 ng/ml and
17.01+6.61 ng/ml respectively, this difference was
statistically significant (p<0.001) (Table 2).

Concerning the mean values of vitamin D serum level in
control group and asthma patients subgroups (mild,
moderate and severe persistent asthma) were 34.70+5.90
ng/ml, 24.11+3.17 ng/ml, 16.48+3.67 ng/ml and
10.44+3.66ng/ml respectively. The difference between
control group and each asthma subgroup and between
asthma subgroups versus each other were statistically
significant being highest in control group and lowest in
patients with severe persistent asthma (p<0.001) (Table
3), (Figure 1).

As for the vitamin D status it was (0.0) deficient, 5 (25%)
insufficient, 15 (75%) sufficient level in the controls and

7 (11.7%) deficient, 53 (88.3%) insufficient, and (0.0)
sufficient in the asthmatic patients, this difference in vit
D status was statistically significant (p<0.001) (Table 4).

Regarding the vitamin D status in control and asthma
patients subgroups (mild, moderate and severe persistent
asthma) (Table 5). 5 (25%) of control had insufficiency,
15 (75%) had sufficient level while insufficient level was
found in 20 (100%) of both mild and moderate
subgroups. In patients with severe persistent asthma, 13
(65%) were insufficient and 7 (35%) were deficient. The
difference between control group and each asthma
subgroup according to vitamin D status were statistically
significant (p<0.001). Concerning asthma subgroups the
difference between severe versus mild and moderate
persistent asthma were statistically significant (p<0.001),
with no statistical difference detected between mild and
moderate persistent asthma subgroups (Table 5).
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DISCUSSION

Although it is well known that positive atopic status,
exposure and sensitization to environmental allergens
and/or familial history of allergic disease are significant
risks factors associated with the development of asthma,
a lot of evidence suggests that vitamin D deficiency may
also predispose to allergic phenotype.””?® Vitamin D is
considered to be a potent modulator of the immune
system and is involved in regulating cell proliferation and
differentiation. Epidemiological evidence suggests that
there is a worldwide epidemic of vitamin D deficiency,
and lack of vitamin D has been linked to increased
incidence of asthma and increased severity of asthma in
children.2*%

In the present study, mean serum vitamin D levels in all
patients with  persistent bronchial asthma was
significantly lower than that of healthy controls. With
respect to disease severity, the differences in mean serum
vitamin D between asthma subgroups versus each other
and versus the control group were highly statistically
significant (p<0.001) being lowest in severe asthma
subgroup and highest in control group.

Furthermore the results showed significant difference
concerning vitamin D status, where 11.7% of all
asthmatic patients were vitamin D deficient and 88.3%
had vitamin D insufficient while none of the control
group had vitamin D deficiency, 25% had insufficiency
and 75% had sufficient vitamin level. These difference
were statistically significant (p<0.001). Comparing
between each asthma subgroups concerning vitamin D
status 65% of severe cases had vitamin D insufficiency
and 35% had vitamin D deficiency, while in moderate
and mild cases 100% were vitamin D insufficient.

Bener et al found that a high proportion of Qatari children
were deficient in vitamin D.*! This deficiency was more
frequent in children suffering from asthma compared to
non-asthmatic controls. Also, Litonjua and Weiss studies
had revealed 35% of American asthmatic children were
vitamin D deficient and these children were at a greater
risk of severe asthma attacks.”® These epidemiological
studies suggest a possible association between vitamin D
deficiency and asthma and support our current
observations.

Furthermore Ginde et al have presented evidence to show
that low vitamin D levels were associated with higher
frequency of respiratory tract infections in asthmatic
patients and with increased asthma severity.*? Adequate
vitamin D status may improve handling of respiratory
infections early in life by up regulating the production of
antimicrobial proteins, such as cathelicidin and beta
defensins.?

In another study Freishtat et al documented that 86% of
African- American asthmatic children living in

Washington, D.C. were vitamin D deficient while 19% of
non-asthmatics were having the deficiency.®® Similarly
El-banna et al demonstrated an association between
vitamin D and the antimicrobial peptides (cathelicdin) in
asthmatic patients where they found a highly significant
decrease in 25(0OH)D in asthmatics versus control group
(p<0.001).%*

In this respect but in a different track Brehm et al in a
cross sectional study on mild to severe persistent asthma,
they stated that increased 25(OH)D was associated with
reduced hospitalization, reduced anti-inflammatory
medication use and reduced airway hyper-
responsiveness.*® Chinellato et al in a cross-sectional
study regarding well and poor asthma control, they stated
that hypovitaminosis D is frequent in children with
asthma living in a ltaly.* In those children, lower levels
of vitamin D were associated with reduced asthma
control. Alyasin et al results showed that serum 25-
hydroxy vitamin D levels were inversely associated with
asthma severity, and there was a direct and significant
relationship between vitamin D levels and pulmonary
function test outcomes in asthmatic children.®” Also
Merve et al in a cross-sectional trial detected that the
frequency of vitamin D deficiency and insufficiency was
higher in children with asthma, compared to the
controls.®® Lower levels of vitamin D were associated
with poor asthma control and increased asthma severity.

In contrast to the result of previous studies and to the
present study Menon et al in a case-controlled study in
2012 conducted on 263 subjects of ages 2-19 years with
asthma who were compared to 284 non-asthmatic
controls of similar ages, Serum 25(0OH)D was measured
in all subjects, they found no differences in mean 25(OH)
D levels between asthmatic patients and controls, and
they stated that asthma severity had no relationship to
mean 25(OH)D levels.*

It is difficult to ascertain from cross-sectional studies
whether vitamin D deficiency is responsible for reduced
asthma control or whether uncontrolled asthma associated
lifestyles, such as decreased exposure to sunlight, less
outdoor exercise are responsible for lower serum levels of
vitamin D. Interventional trials aimed at detecting the
effect of vitamin D supplementation on asthma
exacerbations and double-blind, placebo-controlled trials
in vitamin D—deficient children with asthma are needed
to explore whether there is a causal relationship or a
simple association between the two events. There is no
evidence to suggest that asthmatic patients should be
screened for vitamin D deficiency or insufficiency.
However, the high-risk group must be screened for this
deficiency.

Further researches are needed on the molecular level of
vitamin D receptors to explain the role of dietary vitamin
D in the prevention and management of asthma.
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CONCLUSION

The present study confirmed a significantly lower serum
vitamin D level in asthmatic children compared to
controls and a differential decrease in serum vitamin D
levels in asthmatic children being lowest in severe
persistent asthma. These findings support the growing
body of evidence that vitamin D may have a role in
pathophysiological events behind bronchial asthma.
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