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Abstract:

Background: The mechanisms linking vitamin D and asthma are unknown. Distinct roles played by vitamin D
binding protein (VDBP) and its receptor (VDR) may provide an explanation.

Objectives: To study the link among the level of Vitamin D, VDR, and VDBP with the pulmonary function,
control of asthma and outcome in asthmatic Saudi females.

Methods: randomized case control study included 161 Saudi pre-menopausal women aged 25 to 45 years, 81
were asthmatics and 80 were age and weight matched controls normal. Data were collected using a structured
questionnaire and baseline spirometry. Assessment of asthma control test (ACT) were done according to GINA
guidelines. The 25-hydroxy vitamin D (25(OH)D), VDBP, and VDR were analyzed using ELISA.

Results: asthmatic women especially at risk of exacerbation, had significantly low levels of 25(OH)D.
Uncontrolled asthmatics had significantly lower 25(OH)D and higher VDR than those with better control. The
25(0OH)D correlated negatively with VDR but not with VDBP. The 25(OH)D predicted asthmatics (OR 0.924,
95% CI: 0.900-0.949), (OR=3.86, 95% CI: 1.27-11.76) and ACT (B=0.192, 95% CI: 0.173-0.211). VDR
predicted ACT (B=-0.011 (95% CI:-0.014- -0.007).

Conclusions: Vitamin D deficiency are frequent in asthmatic women and are associated with poor control and
outcome. Serum levels of VDR are linked to 25(OH) and behave in its opposite direction. The role of VDBP in
clinical asthma parameters may be independent to the level of 25(OH)D and needs further studies.
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I. Background

Currently, the approach that accurately predicts response to treatment and risk of future exacerbation in
asthma patients is still undefined (1, 2). A growing evidence from previous observational studies has offered a
strong link between 25 hydroxy vitamin D and bronchial asthma (3,4) based on findings of inverse relation
among level of vitamin D (25(OH)D) and increased hospital admission, emergency room visits, along with lung
function affection, and airway hyper-responsiveness in patients with bronchial asthma (4,5). Moreover, a link
with asthma exacerbation and treatment resistance has also been suggested (5-8). Unfortunately, clinical trials
using vitamin D supplementation in asthma found conflicting results (9-10) with promising protective effects in
some studies (6-8).

Vitamin D exerts its effects by binding to its cognate receptor protein (VDR) which has been described
as a ligand-activated transcription factor that control gene expression (11) ) and has traditionally been associated
with calcemic activities, namely, calcium and phosphorus homeostasis and maintenance of bone content beside
its importance as a modulator of cell growth and differentiation
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Figure (1) Shows Vitamin D metabolism

However, the observation that VDR is also present in cells other than those of the intestine, bone,
kidney, and parathyroid gland led to the recognition of noncalcemic actions of VDR ligands. As a result, VDR is
also known to be involved in cell proliferation, differentiation, and immunomodulation (12).The link between
VDR gene polymorphisms and willingness to adult and childhood asthma was analyzed in 2 recent meta-
analysis (13) with inconsistent findings. Vitamin D-binding protein (VDBP), a glycosylated-globulin, is the
main holder protein of 25(OH)D3. It plays a key role for vitamin D axis in the lung as a part of the circulating
actin scavenger system (14, 15). Many studies have found a link between plasma VDBP and different asthmatic
parameters (16, 17).

To clearly understand the effect of the vitamin D pathway on the pathogenesis of asthma, a systematic
study of the different roles of its various components is required. Therefore, this work aimed to study the link
among the level of Vitamin D 25(0OH)D, VDR, and VDBP with the pulmonary function, control of asthma and
outcome in asthmatic Saudi females.

Il. Subjects and Methods

This randomized case controlled study was done at the out-patient clinic in King Fahd Hospital,
Madinah, KSA to collect cases and at the Taibah University female medical unit to collect controls. The size of
sample of 202 was determined using “openEpi Sample Size Calculation for case-control sectional study”
(Version 3.04.04) with two-sided significance level (o) of 0.05, Power (1-B, % chance of detecting) of 90%,
proportion with disease in non-exposed (comparison) group of 0.4 and 0.5 in exposed group. This study was
carried out in compliance with the Helsinki declaration and in accordance with Taibah University Ethics
Committee regulations (No. 6230/35). Informed written consent were obtained from all the attended adult Saudi
females before their inclusion into the study.

Pre-menopausal Saudi females, aged 25 to 45 years old, previously diagnosed with bronchial asthma
were selected from the out-patient clinic of King Fahd Hospital with any degree of severity, and who were
receiving any form of treatment. Age matched healthy Saudi females working or studying at Taibah University
were recruited from medical unit’s attendants for different reasons. Exclusion_criteria were patients currently on
oral steroid, cigarette smoking and who had history of repeated periods of immobility during hospitalizations,
endocrine disorders, diabetes, or patients on drugs that could have effect on bone (antiepileptic, corticosteroids,
antidepressants, vitamin D, and calcium). All of the followings were done to all patients' clinical history taking,
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complete examination, chest X-ray and pulmonary function test. After implementation of the study, data were
completed only for 161 women, eighty —one patients had intermittent asthma and 80 were healthy control
women.

A well-structured questionnaire and demographic data of the patients (marital status, age, lactation,
special habit and family history of atopy and bronchial asthma), were performed. Bronchial asthma history was
taken in details (duration, provocations, frequency, and severity) with especial emphasis on current medications
for bronchial asthma (oral and inhaled corticosteroids doses, frequency, and response).

Pulmonary function test; FVC and FEV1; was done according to ATS criteria (18) using the spirometer (Master
Screen 10S; Jaeger, Hochberg, Germany) the use of short-acting bronchodilators was stopped for at least 6
hours before performing the test.

Asthma control test (ACT), asthmatic subjects were classified according to asthma control test (ACT)
into controlled, partly controlled and uncontrolled according to Global Initiative for Asthma 2009. Available
from: www.ginasthma.com. Asthma exacerbation (Poor asthma outcome), assessment of risk factors for asthma
future exacerbations as an indicator for poor asthma outcomes was performed using the Global Strategy for
Asthma Management and Prevention.

The risk of future exacerbation is increased if the patient had history of intubation or ICU admission, >
1 severe exacerbation in last 12 months. Also, the risk of exacerbation is increased if the patient had one or more
of the following risk factors:

. Uncontrolled asthma symptoms

. High short acting beta agonist use

. Inadequate inhaled corticosteroids

o Low EFV1

. Major psychological or socioeconomic problems
. Exposures (smoking and allergens)

. Comorbidities

. Sputum or blood eosinophilia

. Pregnancy

Blood samples collections: Blood samples were taken by venipuncture in the morning between 8:00
and 10:00 in winter season in Madina from December 2015 to February 2016. After an overnight fasting
using complete aseptic condition by puncture of an ante-cubital vein. At room temperature the sample were
left in a plain tube for 30-60 minutes for spontaneous clotting then serum separation was done by
centrifugation at 3000 rpm for 10 minutes. The obtained serum was frozen immediately at —70 °C for future
analysis. Total serum levels of vitamin D 25(0OH)D, VDR and VDBP in samples were carried out by ELISA
technique, using available commercial kit (CUSABIO and R&D SYSTEMS) using horseradish peroxidase
detection in accordance with the manufacturer’s instructions (50, 100 and 50 pL of sample respectively were
used). Samples were assayed as duplicates with a minimal detection level of 5 pg/L for 25(OH)D, 1.65 pg/ml
for VDR, and 0.65 ng/ml for VDBP. Deficiency of vitamin was defined as if 25(OH)D level of less than 50
nmol/L(20ng per milliliter), insufficient Vitamin D if 25(OH)D levels were between 50 and 75 nmol/L (20-30
ng per milliliter); and normal if levels of 25(OH)D levels were 75 nmol/L(30 ng per milliliter) to 100 nmol/L.
Serum levels of 25(0OH)D greater than 150 nmol/L. was defined as vitamin D intoxication (19).

I11. Statistical Analysis
Statistics for baseline characteristics were calculated with the median (range). Comparison between
different groups were done using non parametric tests. The associations were studied using Spearman’s
correlation and scatter plot graphs. Linear and binary logistic regression were used to estimate the
Coefficient B, odds ratio (OR) and 95% confidence interval (Cl) of predictors of asthma, asthma control test
and asthma future exacerbation. All statistical tests were done using SPSS 23 software (SPSS Inc, Chicago,
USA) and a p-value < 0.05 was recognized as statistically significance in all calculations.

V. Results
The study included 161 premenopausal women 25 to 45 years old, 81 of them were asthmatic
women and 80 were healthy age and BMI matched women. No statistically significant difference was found
in age, BMI value, as well as concentration of circulating VDR, and VDBP on comparing patients with
control group. The plasma 25(OH)D in asthmatic cases were significantly lower in comparison with the
controls (p-value = 0.001). For vitamin D status, prevalence of insufficiency was 55 (67.9%) in the asthma
group in comparison to 27 (33.8%) in the control group (p=0.000) (Table 1).
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Table 1: The comparison between the asthmatic patients and the control subjects.

Characteristics Asthmatic group Control group P-value
N=81 N=80
Median (Range) Median (Range)
Age: years 44 (29) 43 (20) 0.745
BMI 30.11 (22.22) 30.11 (20.42) 0.201
Vitamin D status
Insufficient: 27 (33.8%) 55 (67.9%) 0.000
Sufficient: 41 (51.2%) 25 (32.1%)
Normal: 13 (15%) 0 (0%)
25(0OH)D: nmol/L 31.18 (59.2) 58.72 (45.5) 0.000
VDR: pg/ml 141.50 (530.50) 171.00 (227.00) 0.247
VDBP: ng/ml 135.2 (203.5) 113.50 (171.50) 0.320

Abbreviations: BMI, body mass index; 25(OH) D, 25-hydroxyvitamin D; VDBP, vitamin D binding protein;
VDR: vitamin D receptor

In this study, asthmatic women were characterized by significant reduction of plasma 25(OH)D
level than healthy controls with 67.9% of them has insufficient level compared to 33.8% in the control
group. Low 25(OH)D levels was an independent predictor for all aspects of asthma: asthma development
(OR 0.924), poor control (B 0.192) and poor outcome (OR 3.86). The VDR behaved in opposite direction to
25(0OH)D in most associations, where it was significantly higher in asthmatics with poor outcome compared
to those with better outcome (p=0.003). Moreover, VDR was found to be significant predictor for poor
asthma control (OR -0.011). While we did not detect a direct connection between 25(OH)D or VDR with
respiratory function, only VDBP showed association with poor respiratory function (OR -0.003 for FVC &
OR -0.003 for FEV1). Interestingly, the correlations for all parameters of pulmonary function (FVC and
FEV1) were in the same direction. Moreover VDBP was associated with poor asthma outcome (OR=0.95).
Uncontrolled asthmatics had significant lower levels of 25(OH)D and higher VDR than both partially controlled
or controlled women (p=0.000 for all). There is no significant difference in the level of VDR between partially
controlled or controlled asthmatics (p=0.133). Comparison between asthma patients with and without risk of
future exacerbations (Table 3) showed that asthmatic at risk of future exacerbation had significantly lower
levels of 25(OH)D (p=0.001) and higher levels of VDR (p=0.003) despite having significantly lower BMI.
The VDBP levels did not show any significant differences in any comparisons, between patients and control
groups (Table 1), between different groups of asthma control (table 2), between patients with or without
high risk for future exacerbation (Table 3).

Table 2: Comparison between levels of asthma control (GINA guidelines) in asthmatic women.

Uncontrolled Partially  controlled | Controlled P-value

asthmatics asthmatics asthmatics

Median (range) | Median (range) Median (range)
Age years 43.50 (9) 44 (19) 43 (20) 0.438
FVC 2.79 (1.24) 2.34 (1.04) 2.66 (1.12) 0.005
FEV1 1.84 (2.22) 1.54 (1.08) 1.58 (1.49) 0.032
BMI 28.90 (14.86) 30.20 (9.92) 30.92 (22.22) 0.171
25(0OH)D 6.80 (6.16) 21.55 (14.71) 55.53 (22.46) 0.000
VDR 232.25 (448.5) | 114.25 (89.5) 116.50 (261) 0.000
VDBP 140.80 (203.5) | 143.50 (78.90) 113.70 (106.1) 0.190

Abbreviations: FVC, forced vital capacity; FEV1 forced expiration first second; BMI, body mass index;

25(0H) D, 25-hydroxyvitamin D; VDBP, vitamin D binding protein; VDR: vitamin D receptor
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Table 3: Comparison between asthma patients with and without risk of future exacerbation (asthma
outcome).

Asthma patients with risk of | Asthma patients without risk | p-value

future Exacerbation (n=17) of future Exacerbation (N=

Median (Range) 64)

Median (Range)

Age 44 (9) 44 (29) 0.859
FVC 2.92 (1.03) 2.43 (1.51) 0.000
FEV1 2.04 (1.73) 1.58 (1.72) 0.000
BMI 28 (89) 30.30 (22.22) 0.047
25(0H)D 6.62 (5.51) 46.47 (59.20) 0.00
VDR 167 (448.5) 121 (262.5) 0.003
VDBP 146.4 (168.2) 129.6 (160.8) 0.251

Abbreviations: FVC, forced vital capacity; FEV1 forced expiration first second; BMI, body mass index;
25(0OH) D, 25-hydroxyvitamin D; VDBP, vitamin D binding protein; VDR: vitamin D receptor

Figure 2 shows the correlations between 25(OH)D, VDR, VDBP and ACT. ACT correlated
positively with 25(OH)D (r=0.921, p=0.001) and negatively with VDR (R=-0.448, p=0.001). Figure 3 shows
the correlations between VDBP and respiratory function tests. VDBP correlated negatively with FVC (r= -
0.228, p=0.041) and FEV1 (r=-0.307, p=0.005). Figure 3 shows that a significant negative correlation exists
between 25(OH)D and VDR (r=-0.316, p=0.004) but not with VDBP (r=0.117, p=0.298).

Predictors of respiratory function are seen in Table 4. Linear logistic regression analysis showed that age,
BMI, 25(0OH)D, VDR, VDBP could explain 21% of variability of FVC (R2= 0.208, F= 3.949, p=0.003).
Age (B=-0.016, 95% CI:-.030- -0.001)), BMI (B=-0.020, 95% CI: -0.037- -0.004), and VDBP (B=-0.002,
95% CI:-.004-0.000) were significant negative predictors of FVC. Age, BMI, 25(0OH)D, VDR, VDBP could
explain 29% of variability of FEV1 (R2= 0.285, F=5.99, p=0.000). Age (B=-0.029, 95% CI:-0.045- -0.012),
and VDBP (B=-0.003, 95% CI:-0.005-0.000) were significant negative predictors of FEV1.

Predictors of asthma, the risk of future exacerbation (outcome) and the degree of asthma control are seen in
Table 5. By binary logistic regression analysis, age, BMI, 25(0OH)D, VDR, VDBP could explain 45% of
asthma variance (R*= 0.45, p=0.00). BMI was the significant positive predictor (OR 1.078, 95% Cl: 1.001-
1.161, p=0.047) and 25(0OH)D was the negative predictor (OR 0.924, 95% CI: 0.900-0.949, p=0.000) of
asthma development. Binary regression showed also that same predictors explained 86% of the variance of
future exacerbation (p=0.000, R2 =0.86). The 25(0OH)D (p=0.017) was negative predictor (OR=3.86, 95% CI:
1.27-11.76), p=0.017 and VDBP was positive predictor (OR= 0.95, 95% CI: 0.91-0.99), p=0.031 of
exacerbations.

Figure 2: The association between VDBP and respiratory function tests.
(r=-0.228, p=0.041 for FVC and r=-0.307, p=0.005 for FEV1).
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Figure 3: The associations between 25(0H), VDR and VDBP.
(r= 0.316, p=0.004 for VDR, =-0.117, p=0.298 for VDBP).
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Table 4: Predictors of respiratory function

Predictors of FVC Predictors of FEV1

B (95% C.1.) P B (95% C.1.) P
Age -0.016 (-.030- -0.001) 0.034 -0.029 (-0.045- -0.012) 0.001
BMI -0.020 (-0.037- -0.004) 0.014 -0.016 (-0.035-0.002) 0.088
25(0H)D -0.001 -0.005-0.004) 0.735 -0.004 (-0.009-0.001) 0.122
VDR 0.001 (0.000-0.002) 0.084 0.000 (-0.001-0.001) 0.742
VDBP -0.002 (-0.004-0.000) 0.044 -0.003 (-0.005-0.000) 0.026

Abbreviations: FVC; Forced vital capacity; FEV1, forced expiratory volume first second; BMI, body mass index;
25(0H) D, 25-hydroxyvitamin D; VDBP, vitamin D binding protein;VDR: vitamin D receptor

Table 5: Predictors of asthma, asthma control test and the risk of future exacerbation.

Predictors of asthma Predictors of the risk of future Predictors of asthma control test

development exacerbation (outcome)

OR (95% C.1.) P OR (95% C.1.) P B (95% C.1.) p
Age 0.959 (0.895-1.027) 0.232 2.960 (0.97-9.05) 0.057 -0.079 (-0.142- -0.017) 0.014
BMI 1.078 (1.001-1.161) 0.047 0.609 (0.27-1.37) 0.232 0.138 (0.068- 0.208) 0.000
25(0H)D 0.924 (0.900-0.949) 0.000 3.86 (1.27-11.76) 0.017 0.192 (0.173- 0.211) 0.000
VDR 0.996 (0.991-1.001) 0.134 1.004 (0.99-1.021 0.659 -0.011 (-0.014- -.007) 0.000
VDBP 1.000 (0.991-1.010) 0.995 0.95 (CI: 0.91-0.99) 0.031 0.003 (-0.006- 0.012) 0.555

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; Cl, confidence interval; OR, odds ratio; VDBP, vitamin D binding
protein, VDR: vitamin D receptor.

Linear logistic regression was used for testing the association between ACT and predictors including age,
BMI, 25(0OH)D, VDR, VDBP. Predictors could explain 90% of asthma control test scores (R2= 0.90, F=
136.67, p=0.000). All were significant except the VDBP. BMI and vitamin D were the significant positive
predictors for ACT (OR= 0.138, 95% CI: 0.068-0.208, p=0.000 for BMI, and OR=0.192 (95% CI: 0.173-
0.211), p=0.000 for 25(0OH)D3). Age and VDR were the significant negative predictors for ACT (OR= -
0.079, 95% CI:-0.142- -0.017, p=0.014 for age and OR= -0.011, 95% CI:-0.014- -0.007, p=0.000 for VDR).

V. Discussion
Vitamin D and its metabolites are steroid hormones and hormone precursors. About 80% derive from
ultraviolet B (UVB) induced photoconversion in the skin of 7-dehydrocholesterol to previtamin Ds, and the
remainder from the diet and from food supplements. Whether derived from skin, food, or supplements,
previtamins D, and D; are biologically inactive and, in the liver and in the kidney, undergo two stages of
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hydroxylation to the biologically active form of vitamin D, 1,25(0OH),D. Vitamin D and its metabolites are
transported in the circulation by vitamin D binding protein (VDBP), and having reached their target cells, they
dissociate from the VDBP and enter the cells.

In this study, we investigated Vitamin D and its related metabolites with incidence and severity of
asthma in women. We found that asthmatic women were characterized by significant reduction of plasma
25(0OH)D level than healthy controls and was an independent predictor for all aspects of asthma. The VDR
behaved in opposite direction to 25(OH)D in most associations, where it was significantly higher in
asthmatics with poor outcome compared to those with better outcome. Moreover, VDR was found to be
significant predictor for poor asthma control. While we did not detect a direct connection between 25(0OH)D
or VDR with respiratory function, only VDBP showed association with poor respiratory function and was
associated with poor asthma outcome. Interestingly, the correlations for all parameters of pulmonary
function (FVC and FEV1) were in the same direction.

The exact consequence of these complex associations remains largely unexplained. The primary
problem seems to be the low level of the 25(0OH)D as both VDR and VDBP levels did not show any
significant difference in asthmatics compared with control group. Because of the significant negative
correlation between 25(0OH)D and the VDR (Figure 3), we can postulate that low 25(OH)D causes
compensatory elevation of serum VDR levels in uncontrolled asthmatic and those with high risk of
exacerbation .

VDBP usually circulates at a much higher concentration than 25(OH)D (20). Therefore, deficiency of
vitamin D may not have a strong influence on elevating the level of VDBP to a significant level as seen in
our results. Besides, the high levels of VDBP may further insulate more 25(OH)D leading to less free and
bioavailable 25(OH)D. Therefore, VDBP may play a unique role in different clinical parameters of asthma
independent to the level of 25(OH)D. VDBP is responsible for transport of vitamin D metabolites and it can
modulate the effect of vitamin D status on asthma severity because of its immune-modulatory actions.
Neutrophil-expressed VDBP may assign directly to the chronic inflammatory response seen in asthma (21-24).

In this study, other independent predictors were found: age for poor respiratory function, BMI for
asthma development, and age and BMI for poor asthma control. However, poor outcome is a function of
vitamin D and its binding protein independent to age and BMI.

Our findings are in agreement with others’ who demonstrated that insufficient vitamin D status is
affiliated with an increase in the risk of asthma exacerbation indicating poor outcome (4, 25, 26). In our
study, the absence of link between vitamin D and respiratory function is not in agreement with the finding
from the Third National Health and Nutrition Examination Survey that included 14000 subjects (27).
Although deficiency of D was found to be inconsistently prevalent in asthma (4,5, 28-30), it was found to
decrease lung function in severe asthma (31) and predict asthma outcomes (32,33). One study (16) showed
that low vitamin D is associated with steroid resistant asthma, decreased lung function, increased
corticosteroid use, and asthma exacerbation independent of cathelicidin deficiency and other risk factors for
asthma severity. There is a growing evidence that vitamin D has an influence on innate immunity through
production of antimicrobial (34) and anti-inflammatory peptides especially against viruses (35). Hence
decreased level of vit D exposes asthmatics to respiratory viral infections and exacerbation of attacks of
asthma. The active 1.25(OH)D3 hormone itself is known to exert an inhibitory effect on airway smooth
muscles and increases their glucocorticoid bioavailability (36,37).

While we did not find any association between serum VDBP and asthma control, Jiang’s study
supposed that serum VDBP may act as a significant biomarker for predicting steroid resistance in asthma
patients. (38). This difference could be explained by genetic variation as the construction and function of
VDBP may be affected by the presence of more than 120 single nucleotide polymorphisms in its gene (39).

The strength of our study is the investigating the complex connection between the serum level of a
three metabolite of Vitamin-D relate them to both clinical and functional asthma measures. However, many
limitations of our study should be consigned. First, the relatively small sample size that could not represent
the general population and would reduce the statistical power. Second: selecting only women to be included
in the study may make it difficult to generalize results on asthmatic men; however this helps to avoid the
gender influence on certain parameters as VDBP. Third, multiple other confounding factors are not
considered in the analysis including sun exposure, dietary habits, and physical activity. Finally: all samples
were collected and analyzed at one point and this would not represent the total status of vitamin D, VDR
and VDBP.

V1. Conclusion,

Asthmatic women were characterized by low vitamin D which was inversely linked to low VDR
and was significant predictors for all clinical and functional aspects of asthma. VDR significantly predicted
poor asthma control but its role may be dependent on low vitamin D. VDBP showed association with poor
respiratory function and poor asthma outcome independently to low levels of vitamin D. These results might
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give us new measures in treating bronchial asthma but further studies are required on large sample size and
on male patients.
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