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Abstract

Objectives: To assess serum 25-hydroxycholecalciferol (25-OH vitamin D) levels in Jordanian
children with bronchial asthma, and to examine correlations between 25-OH vitamin D levels and
asthma severity and control.

Methods: A cross-sectional study was conducted at the Paediatric Chest Clinic, Al-Karak
Governmental Hospital, Southern Jordan, between May 2015 and February 2016. Serum
25-hydroxyvitamin D level was determined in children aged |1-14 years diagnosed with bronchial
asthma (6—14 years) or recurrent wheezing episodes (<6 years). Asthma severity was deter-
mined based on the Global Initiative for Asthma assessment, the Asthma Control Test, and the
Childhood Asthma Control Test. Demographic and clinical characteristics were compared
between patients with low and normal 25-OH vitamin D levels, and correlations between
asthma severity and 25-OH vitamin D level were assessed.

Results: Out of 98 included children, 25-OH vitamin D levels were deficient and insufficient in 41
(41.8%) and 34 (34.7%) children, respectively. Only 23 (23.5%) had sufficient 25-OH vitamin D
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levels. A significant correlation was found between severity of asthma symptoms and 25-OH

vitamin D deficiency.

Conclusion: 25-OH vitamin D deficiency is highly prevalent in Jordanian children with bronchial
asthma and correlates significantly with asthma severity.
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Introduction

Asthma is one of the most common chronic
diseases worldwide and has increased in
prevalence over the last few decades.' In
Jordan, bronchial asthma constitutes a
great health burden, affecting approximate-
ly 10% of the population, according to offi-
cial reports from the Ministry of Health.?
The aetiology of asthma is complex and
likely involves multiple interactions
between genetic and environmental factors.
Environmental factors such as atmospheric
pollution, dietary changes, allergen-
sensitization, and lifestyle modifications
may be responsible for the increasing prev-
alence of asthma.® Additionally, impaired
immunogenic tolerance and interplay
between cells and inflammatory mediators
may further promote airway obstruction.*>

The effects of vitamin D as a hormone
have gained increasing attention. Besides its
numerous classical functions (calcium
absorption, bone mineralization, and neuro-
muscular function regulation) and non-
classical actions (cellular differentiation,
insulin secretion, and blood pressure regula-
tion), vitamin D is also believed to be a potent
immune-system regulator, having a potential
role in various allergic diseases. Vitamin D
seems to have regulatory effects on every
part of the immune system, whereas vitamin
D deficiency has been linked to an array of
immunologically-based diseases, such as
asthma.®  Unfortunately, vitamin D

deficiency is widespread in many middle east-
ern countries with abundant sunshine, such
as Jordan, due to avoidance of sunlight expo-
sure and concealed clothing style.°However,
the existence of low vitamin D status has been
reported even with adequate sun exposure.’

The global increase in asthma and allergic
diseases may be linked to reduced serum vita-
min D levels.® Several studies have indicated
an association between vitamin D deficiency
and increased incidence and severity of child-
hood asthma,’ " and vitamin D reportedly
has protective effects against viral infections
and exacerbations of asthma in children.'*>"?
Furthermore, vitamin D has been reported to
enhance lung development in infants when
taken during pregnancy, and to have prophy-
lactic effects on wheezing and asthma, which
may occur later.'*'* However, conflicting
results have been reported, demonstrating
either no effects or adverse effects for vitamin
D on asthma incidence or severity, making
the association between vitamin D and
asthma unclear.'>'¢

The epidemic increase in asthma and
related allergic disease is a major public
health problem worldwide.' Thus, identify-
ing new risk factors for asthma develop-
ment, such as vitamin D deficiency, is
important to improve asthma control,
reduce asthma-related morbidity, and,
more importantly, help prevent the disease
in early life. Therefore, the aim of the pre-
sent cross-sectional study was to assess
serum 25-OH vitamin D levels in children
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with bronchial asthma in Al-Karak, a city
in south Jordan. An additional aim was to
compare the severity and control of asthma
between patients with different levels of
25-OH vitamin D.

Patients and methods

Study population, design and setting

This cross-sectional study included consec-
utive paediatric patients, aged 1-14 years,
with asthma or wheezing symptoms, and
was conducted at the Paediatric Chest
Clinic, Al-Karak Governmental Hospital,
South Jordan, between May 2015 and
February 2016. The population of Al-Karak
Governorate is estimated to be 317500
(according to the Jordan Department of
Statistics 2015 data [http://dosweb.dos.gov.
jo/; accessed 13 November 2020]), and the
required study population sample size was
calculated to be 100 participants.

This study was approved by the Mu’tah
University Faculty of Medicine Ethics com-
mittee (April 2015; reference No. 20153),
and written informed consent was obtained
from the parents or legal proxies of all par-
ticipants. Patients’ details were de-identified
upon publication. All procedures were fol-
lowed in accordance with the Helsinki
Declaration of 1975.

For inclusion into the study, patients were
diagnosed with asthma and/or recurrent
wheezing episodes (early asthma), according
to the Global Initiative for Asthma (GINA)
criteria: (1) a physician’s diagnosis of asthma;
(2) symptoms of recurrent (i.e., more than
two) episodes of wheezing, cough, shortness
of breath, or a combination of these; (3)
documented reversibility with bronchodila-
tors; and/or (4) use of medication for
asthma in the previous 6 months."”

Patients who were taking vitamin D sup-
plements were excluded from the study. For
each patient, detailed personal medical
histories were recorded, and a thorough

physical examination was performed. Study
participants were also screened for the pres-
ence of allergic conditions other than asthma,
including allergic rhinitis, atopic dermatitis/
eczema, allergic conjunctivitis, and food
allergies. History of breastfeeding during
the first six months of life was also screened.

Asthma severity and control of symp-
toms were determined by the following:
the GINA classification,'” and a validated
Asthma Control Test (ACT) questionnaire
in children aged > 12 years, or Childhood
Asthma Control Test (C-ACT) in children
aged between 4 and 11 years;'® use of sys-
temic steroids; and admission to hospital
due to asthma within the last 12 months.
Patients were categorized into either inter-
mittent, mild persistent, moderate persis-
tent, or severe persistent asthma according
to the GINA classification.'” An ACT/C-
ACT score <19 and ACT/C-ACT score
>19 were considered to represent poor
and good control, respectively.*

Vitamin D measurement

Vitamin D levels were assessed by measur-
ing serum 25-hydroxycholecalciferol
(25-OH vitamin D), a vitamin D metabolite
considered to be a reliable measure of
serum vitamin D level. A venous blood
sample (10 ml) was obtained; the blood
was allowed to clot for 60 min, then
serum was separated by centrifugation at
2000 rpm for 20 min at 4°C and stored at
—70°C until analysis. Serum 25-OH vitamin
D was measured using a Liaison® 25-OH
Vitamin D Total assay kit with the
Liaison® rapid automated assay system
(DiaSorin, Stillwater, MN, USA), which
utilizes a chemiluminescence immunoassay
to detect both forms of 25-OH vitamin D
(D2 and D3). Based on published guidelines
and recommendations from previous stud-
ies, 25-OH vitamin D levels were catego-
rized as deficient (<20ng/ml), insufficient
(20-29 ng/ml), or sufficient (>29 ng/ml)."**°
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Skin prick testing

To assess the association between atopy
and vitamin D deficiency in children with
asthma included in the study, skin prick
testing for common inhaled allergens was
performed. The test was performed using
11 standardized allergen extracts from a
commercial test kit (Stallergenes Greer,
London, UK), in accordance with pub-
lished guidelines.”'

The 11 tested inhaled allergens were cat
pelt, Salsola kali, two strains of house dust
mites (Dermatophagoides pteronyssinus and
D. farina), cereal mix, olive pollen, grass
mix, mould (Alternaria), dog fur,
Compositae, and wall-pellitory. The test
was reported to be positive if the prick site
swelled to form a wheel with a diameter
>4mm. A positive control (histamine) and
negative control (normal saline) were used
to avoid false-positive (dermatographism)
or false-negative results. Parents and care-
givers of the tested children were requested
to stop systemic antihistamines or leukotri-
ene modifiers 4-5 days prior to testing.

Statistical analyses

The study population sample size was cal-
culated using OpenEpi software, version 3.0
(www.OpenEpi.com, updated 6 April
2013). The required sample size was calcu-
lated to be 100 patients (confidence level of
95%, Z 0.95=1.96).

Data are presented as mean+ SD for
continuous variables and frequencies and
percentages for categorical variables.
25-OH vitamin D deficiency in children
with bronchial asthma is presented as fre-
quency distributions. Patients grouped
according to deficient, insufficient or suffi-
cient 25-OH vitamin D level were compared
in terms of relevant demographic and clin-
ical characteristics using analysis of vari-
ance (ANOVA) or Pearson’s y’-test. The
correlation between 25-OH vitamin D

level and age was assessed using Pearson’s
correlation coefficient. Multiple logistic
regression was used to investigate possible
predictors of low 25-OH vitamin D levels in
the study population. The relationships
between asthma severity or asthma control
and 25-OH vitamin D levels were analysed
in patients grouped according to asthma
severity or control using ANOVA or inde-
pendent samples -test. Statistical analyses
were performed using SPSS software, ver-
sion 21 (IBM; Armonk, NY, USA), and a
P value < 0.05 was considered to be statis-
tically significant.

Results

Although 100 participants were initially
enrolled, two patients dropped out of the
study, thus, a total of 98 patients referred
to Al-Karak chest clinic and diagnosed with
wheezing (aged <5 years) or asthma (aged
6—14 years) were included in the final anal-
yses. Demographic and clinical characteris-
tics, in terms of associated allergic
conditions, use of inhaled and/or systemic
steroids, exclusive breastfeeding during the
first 6 months, and classification of asthma
according to GINA criteria, are summar-
ised in Table 1. Most of the children in
this study population were male (66.3%).
A total of 92 children were categorized by
asthma severity according to GINA crite-
ria. Of these, 61 patients (66.3%) had inter-
mittent or mild persistent asthma, and 31
patients (33.7%) had moderate or severe
persistent asthma.

The proportions of patients with defi-
cient, insufficient or sufficient levels of
25-OH vitamin D are shown in Figure 1.
25-OH vitamin D was found to be deficient
or insufficient in 75 children (76.5%) and
sufficient in only 23 (23.5%). Age distribu-
tion varied among three categories of
25-OH vitamin D level with a mean age of
8.46 years (+3.71) for children with defi-
cient 25-OH vitamin D level, 6.50 years
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Table I. Demographic and clinical characteristics demographic and health characteristics
among 98 paediatric patients with wheezing (aged were examined using multiple logistic

< 5 years) or asthma (aged 6—14 years).

Characteristic Study population

Age, years 7.67 +3.83
Sex, male/female 65 (66.3)/
33 (33.7)
Associated allergic conditions:
Allergic rhinitis 71 (76.3%)
Conjunctivitis 24 (26.4%)
Food allergy 2 (2.2%)
Eczema/atopic dermatitis 23 (25%)
Use of inhaled corticosteroids 67 (72%)
Exclusive breastfeeding 17 (17.3%)
during first 6 months
GINA classification, n=92:
Intermittent 38 (41.3%)
Mild persistent 23 (25%)
Moderate persistent 23 (25%)
Severe persistent 8 (8.7%)

Data presented as mean =+ SD or n (%) prevalence.
GINA, Global Initiative for Asthma.

Percent

Daﬁcllency lnsuﬂi::lem:y Sufficiency

Vitamin D Category

Figure |. Distribution of children with asthma
(n=98) categorized according to serum 25-OH
vitamin D levels. Deficiency, <20 ng/ml; insuffi-
ciency, 20-29 ng/ml; sufficiency, >29 ng/ml.

(£3.90) for the 25-OH vitamin D insuffi-
cient group, and 6.09 years (£3.81) for chil-
dren with sufficient 25-OH vitamin D level
(P=0.25; Table 2).

Correlations between patients’ serum
25-OH vitamin D levels and selected

regression. Variables, such as age, sex, and
the presence of other allergic conditions,
were evaluated (Table 3). Levels of 25-OH
vitamin D were shown to be inversely cor-
related with age (P<0.05, R*=0.105;
Figure 2), and younger children tended to
have more sufficient serum 25-OH vitamin
D levels than older children. Among asso-
ciated allergic conditions other than asthma
(allergic rhinitis, allergic conjunctivitis, and
eczema), allergic rhinitis was the only con-
dition found to be significantly correlated
with 25-OH vitamin D levels (P =0.036;
Table 3).

Children categorized according to
asthma severity using the GINA classifica-
tion, were compared in terms of 25-OH
vitamin D levels. A significant correlation
was found between asthma severity and
25-OH vitamin D levels, in that patients
categorized with severe persistent asthma
were found to have significantly lower vita-
min D levels than those with intermittent
asthma (Figure 3; P=0.043; ANOVA).
Six children (14.3%) with insufficient
25-OH vitamin D levels and two children
(6.7%) with deficient levels had severe per-
sistent asthma, whereas none of the children
with sufficient levels were reported to have
such asthma severity.

The proportion of patients with 25-OH
vitamin D deficiency or insufficiency who
used systemic corticosteroids to treat
asthma exacerbation within the last year
(48.8% and 52.9%, respectively) was signif-
icantly higher than those who had sufficient
25-OH vitamin D levels (21.7%; P=10.047,
Pearson’s y°-test; Table 4).

In patients grouped according to asthma
control, based on ACT and C-ACT ques-
tionnaire scores, patients with poor control
were found to have lower 25-OH vitamin D
levels than patients with good control
(P=0.05, independent samples r-test;
Figure 4). There were 52 patients with
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Table 2. Comparison of frequencies and age among 98 paediatric patients with asthma or wheezing cat-

egorized according to serum 25-OH vitamin D levels.

Serum 25-OH vitamin D level

Parameter Deficient (<20 ng/ml) Insufficient  (20-29 ng/ml) Sufficient  (>29 ng/ml)
Frequency 41 (41.8) 34 (34.7) 23 (23.5)
Age, years 8.46+3.71 6.50+3.90 6.09+ 3.8l

Data presented as n (%) prevalence or mean 4 SD.
P =10.025, analysis of variance.

Table 3. Multiple logistic regression analysis of the association between serum 25-OH vitamin D level and
different clinical and demographic variables in paediatric patients with asthma.

95% Cl for AOR

Statistical

Independent variable significance AOR Lower Upper
Age P=0.021 0.866 0.767 0.979
Sex NS 1.094 0.041 29.086
Associated allergic diseases:

Allergic rhinitis P=0.036 3.170 1.077 9.325
Allergic conjunctivitis NS 1.869 0.165 21.191
Eczema NS 0.852 0.070 10.372

AOR, adjusted odds ratio; Cl, confidence interval.

NS, no statistically significant association between variable and vitamin D level (P> 0.05; Pearson’s xz-test).

good control and 46 patients with poor
control.

Seventy-six children were tested for
atopy using skin prick testing for 11
common inhaled allergens. No statistically
significant differences were found between
the three 25-OH vitamin D groups regard-
ing allergen reactivity (P =0.711; Table 4).

Discussion

The current cross-sectional study assessed
serum 25-OH vitamin D levels in children
with bronchial asthma or wheezing episodes
in Al-Karak city of South Jordan. To the
best of the authors’ knowledge, this is the
first study in Jordan to address the preva-
lence of vitamin D deficiency in children
with asthma and recurrent episodic
wheeze. A high prevalence of 25-OH

vitamin D deficiency (<20ng/ml) and
insufficiency (20-29 ng/ml) was observed
in children with asthma or recurrent
wheezing (40.1% and 34.7%, respectively).
Accordingly, sufficient 25-OH vitamin D
levels (>30ng/ml) only represented 23.5%
of these patients. This finding is consistent
with previous studies showing that vitamin
D deficiency is prevalent in children with
asthma in many regions of the world, and
particularly in the Middle East.® In a study
conducted in Qatar, 52.9% of children with
bronchial asthma had insufficient 25-OH
vitamin D levels.”> A similar study in
Turkey showed that 67% of children with
asthma had deficient 25-OH vitamin D
levels, whereas 20% were 25-OH vitamin
D insufficient.”> Other reports published
globally have also confirmed the high prev-
alence of 25-OH vitamin D deficiency in
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Figure 2. Scatter plot showing correlation between serum 25-OH vitamin D levels (ng/ml) and age (years)
in paediatric patients with asthma (P=0.002; Pearson’s correlation coefficient).

children with asthma.’** Reverse causality
may account partly for the fact that chil-
dren with bronchial asthma tend to avoid
outdoor activities and thus have less sun
exposure than those without bronchial
asthma, and subsequently have lower
25-OH vitamin D levels. However, previous
studies have shown that even high sunlight
exposure levels do not ensure adequate
25-OH vitamin D levels.’

Although 25-OH vitamin D levels were
not correlated to seasonality in the present
study, seasonable variability in 25-OH vita-
min D levels has previously been shown to
exist, with the lowest levels reported in late
summer and winter seasons.®%°

An aim of the present study was to deter-
mine whether a correlation could be estab-
lished between 25-OH vitamin D levels and
different demographic and clinical charac-
teristics in the study population. Only age
was significantly correlated with 25-OH
vitamin D levels, and younger children

were shown to have higher serum 25-OH
vitamin D levels. This is consistent with
findings in other countries, such as the
USA, the UK, and New Zealand, where
the prevalence of low vitamin D status
increases with age, with adolescents being
the most affected age group.”” Among the
co-existing allergic conditions, only allergic
rhinitis showed a significant correlation
with 25-OH vitamin D levels, similar to
a previous study conducted in south
Jordan.*®These results further support the
important role of vitamin D in modulating
the immunological response in different
respiratory or allergy-related conditions.’
In terms of the correlation between vita-
min D deficiency and asthma severity, the
present study shows a significant associa-
tion between the severity of asthma deter-
mined by the GINA classification and
25-OH vitamin D deficiency status.
Children with severe and moderate persis-
tent asthma were more likely to have
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Figure 3. Box-whisker plot showing serum 25-OH vitamin D level in 98 paediatric patients (aged <14
years) categorized according to asthma severity graded using the Global Initiative for Asthma (GINA)
classification (P =0.043, severe persistent versus intermittent asthma; analysis of variance). Data presented
as median (central black horizontal line); 25th and 75th percentiles (extremities of the box); and minimum

and maximum outliers (error bars).

Table 4. Association between 25-OH vitamin D level and different asthma assessment measures in pae-

diatric patients with asthma.

25-OH vitamin D level

Deficient Insufficient Sufficient Statistical
Measure n=4| n=34 n=23 significance
Systemic steroid use within last 12 months 20 (48.8) 18 (52.9) 5(21.7) P=0.047
Hospital admission within last 12 months 29 (70.7) 24 (70.6) 13 (56.5) NS
Skin prick test, n=76 —ve 10 (27.0) 7 (30.4) 3(18.8) NS
+ve 27 (73.0) 16 (69.6) 13 (81.2)

Data presented as n (%) prevalence.
—ve, negative response; --ve, positive response.

P < 0.05, statistically significant between-group differences (Pearson’s z-test).
NS, no statistically significant between-group differences (P > 0.05).

25-OH vitamin D deficiency than children
with intermittent or mild asthma. This asso-
ciation was also significant in other meas-
ures of the severity of asthma; children with

lower 25-OH vitamin D levels were more
likely to use systemic steroids to treat
asthma exacerbations, and children with

poor

asthma control

(evaluated using
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Figure 4. Box-whisker plot showing serum 25-OH vitamin D level in 98 paediatric patients (aged <14
years) with either poor or good asthma control, according to Asthma Control Test (ACT) and Childhood
(C)-ACT scores. Serum 25-OH vitamin D levels were significantly lower in patients with poor versus good
control (P < 0.05, independent samples t-test). Data presented as median (central black horizontal line); 25th
and 75th percentiles (extremities of the box); and minimum and maximum outliers (error bars).

ACT/C-ACT scores) were shown to have
lower vitamin D levels. There was a numer-
ically higher rate of hospital admissions and
use of systemic corticosteroids in patients
with low versus sufficient vitamin D levels,
however, the difference did not reach statis-
tical significance. This may have been due
to the relatively small sample size in the
present study population. A large
Childhood Asthma Management Program
(CAMP) study, investigating the relation-
ship between serum 25-OH vitamin D
levels and subsequent severe asthma exacer-
bations or hospitalizations, showed that 25-
OH vitamin D deficiency is associated with
a higher rate of severe exacerbations in chil-
dren with asthma.' This result is also sup-
ported by several other reports.””*°

The association between vitamin D levels
and asthma can be explained in several

aspects. Vitamin D has an important role
as an immune-system modulator,”" and is
also believed to correlate with paediatric
asthma. For example, a significant inverse
correlation between serum levels of 25-OH
vitamin D3 and immunoglobulin E was
found in paediatric patients with asthma.’?
In addition, a strong association between
vitamin D deficiency and respiratory tract
infections, a leading trigger for asthma
exacerbations, has been reported.* In addi-
tion, several clinical and epidemiological
studies have suggested that there may be a
synergistic effect of vitamin D and cortico-
steroids in asthma outcomes.***> This sug-
gests that vitamin D deficiency may impede
the response of patients with asthma to ste-
roid therapy.

Contrary to the present findings, some
studies have reported inverse associations,
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or no associations, between asthma or
recurrent wheezing and vitamin D
level,**¥7 which may reflect the heterogene-
ity of asthma, differences between popula-
tions and research methodologies, or
diagnostic tools. Previous clinical trials of
vitamin D supplementation revealed mixed
outcomes. In some studies, prenatal vitamin
D supplementation, or supplementation
during infancy, resulted in better lung func-
tion and asthma control in childhood.*
In contrast, other studies showed an
increase in the prevalence of asthma, aller-
gic rhinitis, and atopy.*' Vitamin D supple-
mentation might be beneficial for certain
groups of children with asthma and at a
certain age and dose. This may necessitate
conducting randomized clinical trials on the
benefits of vitamin D supplementation on a
large scale.

The present results signify the impor-
tance of studying 25-OH vitamin D levels
in children with bronchial asthma in south
Jordan. However, a high prevalence of vita-
min D deficiency in the study population
may also reflect the fact that vitamin D
deficiency is prevalent in the Jordanian
population. Studies of vitamin D deficiency
in Jordanian adults over 18 years-of-age
have been conducted, where the overall
prevalence of low vitamin D status
(< 30ng/ml) was 29.4%.** Another study
of vitamin D levels in newborn infants in
Jordan showed extremely high rates of vita-
min D deficiency at approximately 94%.%’
A national study of 1077 Jordanian chil-
dren of preschool age (12-59 months)
showed 19.8% deficiency (<12ng/ml) and
56.5% insufficiency (<20ng/ml).** Also,
vitamin D supplementation, combined
with other asthma medications, has been
shown to improve children’s inflammatory
response to asthma.*> However, to the pre-
sent authors’ knowledge, this has not been
assessed in Jordan.

The present results did not show a strong
association between atopy (positive skin

prick test to inhaled allergens) and vitamin
D deficiency. However, previous studies
have shown that low vitamin D levels
were associated with an increased risk of
atopy and asthma.*® The lack of association
could be due to multiple mechanisms by
which vitamin D can affect asthma other
than atopy.

The results of the present study may be
limited be several factors. There was no
control group to assess 25-OH vitamin D
level in children without bronchial asthma,
and the relatively small sample size hin-
dered the ability to detect associations of
high statistical power. Furthermore, the
study was conducted in a single-centre
which may not be representative of children
with asthma in other parts of Jordan.
Finally, the study did not evaluate factors
associated with lower vitamin D levels such
as diet, sun exposure, and clothing.

Conclusion

The present results showed that vitamin D
deficiency was highly prevalent in paediat-
ric patients with asthma, as almost half of
the tested patients had low 25-OH vitamin
D levels, and vitamin D deficiency was
shown to correlate with asthma severity in
children. This was reflected by lower levels
of vitamin D in children with higher GINA
scores, and more frequent hospital admis-
sions and use of systemic steroids to treat
asthma exacerbations in children with low
25-OH vitamin D levels versus those with
normal 25-OH vitamin D levels. These
results show the important role vitamin D
plays in the pathogenesis and severity of
asthma and possibly other allergic condi-
tions. Therefore, assessing serum 25-OH
vitamin D levels in patients with bronchial
asthma is important, and may be beneficial
for assessment, follow-up, and treatment.
The present authors recommend that all
children diagnosed with bronchial asthma
receive a test for serum 25-OH vitamin D
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levels. The current study is observational;
hence further research is needed to under-
stand the role of low vitamin D level in
asthma in the Jordanian population.
Future research should assess the effects
of vitamin D supplementation on asthma
severity and symptom control.
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