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1. Justification of the study.

Inhaled corticosteroids (ICS) are the main treatment for persistent asthma
and a large part of patients are treated successfully with such therapeutic agents
(1). However, there is a great variability in response to ICS, with a large group of

subjects who do not get an adequate control of their respiratory disease (1-3).

For this purpose, different therapeutic alternatives have been searched,
such as the possible role of vitamin D.
This theory initially emerged after finding that the specific receptors of vitamin D
(VDR) were distributed in a variety of tissues and immune cells, including the
airway. Later, numerous observational studies have emerged and showed an
association between plasmatic 25-OH-D3 levels and asthma severity and the

number of asthma exacerbations, both in children and adults.

Few randomized clinical trials (RCTs) have been carried out in this sense,
and they found different results; which probably may due to the great
heterogeneity in the design of the studies, using different sample populations,

objectives, protocols and vitamin D preparations.

The availability of properly designed clinical trials would help to clarify
whether there is a causal link between asthma and vitamin D. So, this is why we
have designed this study, with which carry out a triple-blind RCT, whose results
could provide good quality of evidence to determine if vitamin D supplementation

may help in improving asthma control.

AndUjar-EspinosaR, et al. Thorax 2021; 76:126-133. doi: 10.1136/thoraxjnl-2019-213936



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Thorax

2. Vitamin D: classical and nonclassical actions.

Vitamin D has been traditionally linked to phospho-calcium metabolism
and maintenance of bone health, but for some years have aroused great interest
in its possible extra-skeletal actions, such as potential role in promoting the
immune system and participating in certain respiratory diseases, including

asthma.

2.1. Classical actions of vitamin D.

In human, vitamin D comes from two main sources: orally, by eating
vitamin D- enriched food, and by a cutaneous route, in which the hormone is
synthesized from 7-dehydrocholesterol after exposure to UV rays.

This latter route has been considered the main way to get vitamin D, but in recent
years and due to a variety of changes in lifestyle, such as the increased use of
sunscreens and less sun exposure, have led to increasingly more important
dietary sources of vitamin D. These sources are fortified cereals, dairy products,

fish oils and egg yolks.

Regardless of origin, either digestive or skin, vitamin D enters the
circulation bound to its binding protein (VDBP), a globulin that is synthesized in
liver. About 88% of 25-OH-D3 circulates bound to VDBP, 0.03% is in free state
and the rest circulates bound to albumin.

This complex (vitamin D-VDBP) travels to liver, where it undergoes a 25-
hydroxylation by CYP27A1 enzyme, resulting in 25-hydroxyvitamin D (25-OH-
D3), which is the main circulating and storage form of vitamin D.

The half-life of 25-OH-D3 is 2-3 weeks, but may be shortened as concentrations
of VDBP are reduced, as may occur when increased urinary losses in nephrotic

syndrome.

The second hydroxylation necessary for the active form of vitamin D, the

1,25-dihydroxyvitamin D (1,25-OH-D3) or calcitriol, occurs in kidney and is
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conducted by the enzyme CYP27B1 or 25-OH-D3-1alfa hydroxylase. This
enzyme is an oxidase which is tightly regulated in cells of the proximal renal
tubule, being stimulated by parathyroid hormone (PTH), and inhibited by calcium
and 1,25-OH-D3.

The main route of inactivating vitamin D metabolites is by hydroxylation,
carried out by the vitamin D-24-hydroxylase or CYP24A1, an enzyme that is
expressed in almost all tissues. This enzyme is induced by 1,25-OH-D3, thus

promoting its own inactivation and thus limiting its biological effects.

Actions of 1,25-OH vitamin D.

This active form of vitamin D performs its biological effects by binding to a

member of the superfamily of nuclear receptors, the vitamin D receptor (VDR).

As 1,25-OH-D3 enters into the cell, it binds to the nuclear VDR and forms
a heterodimer with the retinoid X receptor (RXR). The complex vitamin D-VDR-
RXR then binds to a response element vitamin D (VDRE) within the genome of
the cell, and starts a large transcriptional complex that can activate or repress
transcription of certain genes, depending on the composition of the transcriptional

complex.

2.2. non-classical actions of vitamin D.

The discovery of VDR in numerous tissues (4), has suggested that this
vitamin could play functions out of phospho-calcium metabolism and that

receptors could be activated by different ligands (5).

It has also been described the CYP21B1 activity in numerous extra-renal
cells, which facilitate the activation of 25-OH-D3, transforming into its active form
1,25-OH-D3 (6).
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The binding of vitamin D to its specific receptor regulates transcription of
200 genes involved in numerous functions, such as regulation of cell growth and
maturation, inhibiting the renin-angiotensin axis and angiogenesis, the secretion

of insulin and the sensitivity to it.

Therefore, it has been studied the association of vitamin D with numerous
pathologies, finding associations between that vitamin and certain neoplasms,

and cardiovascular, pulmonary, metabolic and autoimmune diseases.

Within these extra-bone actions of vitamin D, and due to the objective of
this work, we will focus on the major studies conducted between vitamin D and

asthma (section 4).
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3. Vitamin D deficiency and supplementation.

3.1. Vitamin D deficiency

3.1.1. Definition of vitamin D deficiency

Nowadays there is no unanimous consensus on the optimal plasma levels

of vitamin D and the definition of vitamin D deficiency (7, 8).

A large majority of experts believe that the level should be equal to or
greater than 30ng/ml, to promote bone and extra-bone health (7, 9-12); although
there is a great debate about this, considering even than for extra-bone health

should probably be recommended higher values.

In 2011, the IOM (Institute Of Medicine) published the definition of vitamin
D deficiency in serum levels of 25-OH-D3 less than 20 ng/ml (13). And later in the
same year, the US Endocrine Society (14) published their clinical guidelines
about the management of vitamin D deficiency, using the cutoff value lower than

30 ng/ml.
The vast majority of scientific societies, including the IOF (International

Osteoporosis Foundation) (15) also defines this deficit with plasma levels of 25-
OH-D3 below 30ng/ml.

3.1.2. Epidemiology of vitamin D deficiency

Itis believed that vitamin D deficiency is an "epidemic" worldwide, affecting
more than half of the population (16, 17) and including children, youth, adults,
and elderly people; especially if they have osteoporotic fractures, where the

prevalence of low 25-OH-D3 reaches almost 100%.
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In a systematic review published in 2014 (18) that included 195 studies
about the prevalence of vitamin D deficiency in 44 countries around the world
(belonging to Europe, Asia, North and South America, and Oceania), found that
88% of the samples tested had serum levels 25-OH-D3 below 30ng/ml, 37% had
average values below 20 ng/ml and 7% had lower average values at 10 ng/ml
(18). The great heterogeneity of the studies made it difficult to generalize the
results, without having allowed significant differences between countries or

continents, nor in terms of age or sex.

3.1.3. Etiology of vitamin D deficiency

The vitamin D deficiency may be due to low skin production, because of
lack of sun exposure or increased use of sunscreens preventing penetration of

UV light on skin. Similarly, it could be due to low dietary intake.

Elderly have particularly high risk for this deficiency because of a lower

efficiency in the cutaneous synthesis and intestinal absorption of vitamin D.

Also, there are several conditions that may increase the risk of such
vitamin deficiency, as accelerated loss of vitamin in nephrotic syndrome;
resistance to its biological effects, as in the case of mutation of VDR; intestinal
disturbances that reduce fat absorption, such as celiac disease, inflammatory
bowel disease (IBD) or bariatric surgery; alterations in activating vitamin D, such
as kidney failure, hypoparathyroidism, certain drugs like ketoconazole, mutations
in the 1ahydroxylase, oncogenic osteomalacia and the hypophosphatemic rickets
X-linked (19).

There are some drugs, such as barbiturates, phenytoin and rifampicin,
which induce liver oxidases, and thereby accelerate inactivation of metabolites of

vitamin D.
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3.2. Supplementation with vitamin D preparations

In numerous studies conducted in the US use a vitamin D2 preparation
(ergocalciferol), however this formulation is not available in our country (Spain),

where we have only available vitamin D3 supplements.

It has been described that vitamin D2 is less effective than vitamin D3 (20),
so the ftriple dose of the first one would be required to achieve similar
effectiveness. Heaney et al (21) conducted a study with various formulations of
vitamin D, concluding that vitamin D3 was 87% more potent than vitamin D2 in

raising and maintaining desired levels of 25-OH-D3 in plasma.

3.2.1. Vitamin D3 preparations marketed in Spain:

- Vitamin D3, calciferol or cholecalciferol.

They are liposoluble prepared with long half-life (approximately 1 to 3
months), which are deposited in adipose tissue, from where they are released
slowly.

To develop its action, liver and kidney must work properly, to carry out the two
hydroxylation to transform it into the active form of vitamin D.

There are two preparations available in our country: Deltius® (oral solution
containing 10.000Ul per ml, in vials with 2.5 ml) and vitamin D Kern Pharma®

(oily solution containing 2,000 [U/ml, in vials of 10ml).

- 25-0OH-D3 or calcifediol.

It is a derivative of vitamin D hydroxylation at position 25, such as the
produced by hepatic metabolism, but still precise renal hydroxylation for its
activation.

It has a half-life intermediate between natural vitamin D (cholecalciferol described
above) and those prepared by hydroxylation at position 1 to be discussed later;

which lasts approximately 15 to 30 days.
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In our country and to the date, there is only one company that markets this
formulation: Hidroferol®, with three preparations forms (drops: 1 drop being
equivalent to 240UI; in ampoules of 0,266mg, equivalent to 16.000Ul; and shock-
blisters with 3mgr, equivalent to 180.000UlI).

- There are two derivatives of vitamin D hydroxylation at position 1, and
which are 1,25-OH-D3 (or calcitriol) and D3 1alpha-OH (or alfacalcidiol); which

ones have a shorter mean half-life.

Calcitriol is available in Spain in generic formulations (Teva®, Kern®) in
ampoules of 1 and 2 mcg/ml and in capsules (Rocaltrol®) at doses of 0.25 and
0.5 mcg.

This is the active form of vitamin D, and does not require subsequent liver or
kidney transformations.

It is effective in microgram dose, and speed of action is the main advantage, but
also its main drawback, being only 3 hours, which can cause major variations in

serum calcium.

Alfacalcidiol (1-OH-D3) is available in our country under the name of
Etalpha®, in ampoules 1mcg/0.5ml and 2mcg/1ml, and capsules of 0.25, 0.5 and
1 mcg.

It needs to hepatic transformation for activation but can be used in cases of renal
insufficiency.
Its power is less than calcitriol, requiring double dose for similar efficacy, but has

a longer half-life (1 to 5 days).
Equivalences between different presentations of vitamin D are as follows:
1ng/ml=25nmol /I
1 drop of calcifediol (Hidroferol®) = 240 IU = 4 mcg

1mcg calcifediol (Hidroferol ®) = 60 1U
11U vit D3 = 3 IU vitamin D2

11
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The presentation of vitamin D that will be used in this study is calciferol
(Hidroferol®) at a dose of 0,266mg/weekly (16.000Ul/week), of which there are
studies supporting its effectiveness compared to cholecalciferol, inducing an
more rapid increase and sustained serum levels of 25-OH-D3 (22).

There are very few published trials using this preparation and therefore

there is little evidence on the optimal recommended dose of calcifediol to be used.

3.2.2. Guidelines supplementation with vitamin D.

Considering vitamin D deficiency as serum levels of 25-OH-D3 <30ng/ml,
several protocols can be found in the literature, highlighting the guidelines of the

US Endocrine Society (14), whose recommendations in adults are as follows:

- Dose of 50,000 IU/week of vitamin D2 or D3 for 8 weeks to reach the
target level of 25-OH-D3, followed by 1,500-2,000 IU/day for
maintenance.

- In patients with obesity, malabsorption syndromes or treated with drugs
that may affect the metabolism of vitamin D: 6.000-10.000UI dose/day
to achieve the target values, followed by 3.000-6.000Ul/day for
maintenance.

- The maximum tolerable maintenance dose should not be taken without

medical supervision is 4.000Ul/day.

For its part, the International Osteoporosis Foundation (15) recommends
consuming 800-1000 IU/day of vitamin D2 or D3, but believes that may be
required up to 2,000 IU/day in patients at risk, such as obesity, osteoporotic, low

sun exposure (as institutionalized), malabsorption problems ...

3.2.3. Safety of vitamin D.

They are not known accurately doses of vitamin D from which toxic effects

may occur.
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Both IOM and the American Society of Endocrinology consider 4.000UI dose/day,
which should not be exceeded without medical supervision.
As for serum 25-OH-D3, the Endocrine Society believes that it should exceed the

levels of 150ng/ml so that there could be risk of hypercalcemia.

There have been numerous studies that have shown the safety of various
preparations of vitamin D at much higher doses than those commonly used, such
as some studies conducted by Hathcock et al (23), where they used
10.000Ul/day, without finding hypercalcemia or other manifestations of toxicity.
Nor hypervitaminosis occurred in another study using single dose of 500.000UlI
(24).

The symptoms described in acute intoxication vitamin D are generally due
to hypercalcemia and include confusion, polyuria, polydipsia, anorexia, vomiting
and muscle weakness. Chronic intoxication can cause nephrocalcinosis,

demineralization and bone pain (23).

Although vitamin D toxicity is rare, it is still much unknown about it, since

most of the available information comes from sporadic cases (25-27).

13

AndUjar-EspinosaR, et al. Thorax 2021; 76:126-133. doi: 10.1136/thoraxjnl-2019-213936



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

4. Vitamin D and asthma.

4.1. Experimental studies.

There are several mechanisms by which vitamin D might influence
asthma, according to results of several experimental studies, and we could

summarize in the following sections:

- Influence of vitamin D on innate immunity.

Certain infectious agents and allergens can stimulate the receptors of
antigen presenting cells, which in turn increase the expression of CYP27B1
enzyme in macrophages, monocytes and epithelial cells (28, 29). That improve
the active form of vitamin D, 1,25-OH-D3, that binds VDR and genomic VDRE,
modulating various proinflammatory cytokines and increasing the production of

antimicrobial peptides, as cathelicidin and beta-defensin2 (30-32).

- Influence of vitamin D on adaptive immunity.

The type of T cell response is directly influenced by the antigen presenting
cells, which are themselves modulated by vitamin D. In addition, vitamin D has
direct effects on T cells: inhibits Th1 cytokines associated to the phenotype of T
cells in vitro and animal studies (33); while the effects on Th2 cells are more
complex, but particularly important because Th2 cytokines lead to IgE synthesis,
essential in allergic asthma pathogenesis. Vitamin D may either inhibit or promote
Th2 response in different animal models and in vitro human T cells (34).
Hypponen et al (35) demonstrated that plasma levels of 25-OH-D3 did not have
a linear relationship with serum IgE levels, so that IgE levels were elevated only
with very low or very high levels of 25-OH-D3.

In vitro, it has been observed that calcitriol reduces IgE production in
peripheral human B cells and increases the synthesis of IL-10 by these cells (36,
37). Besides producing B cells also synthesize IL-10 1gG4, isotype associated
with beneficial results after desensitization with certain allergen immunotherapy
(38).

14
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Some cytokines such as IL-17 play a central role in epithelial defense
against bacterial and fungal infections. However, excessive levels of this cytokine
has been implicated in severe asthma, associated with neutrophilic present in
many patients with severe asthma (39-42).

That IL-17 has been shown to promote bronchial hyperresponsiveness and
remodeling, resistance to steroids and synthesis of proinflammatory cytokines
(41, 43, 44). Meanwhile, vitamin D has been shown to reduce IL-17 responses in

both mice and humans with severe asthma (39, 45).

- Effects on regulatory T cells.

Regulatory T cells (Tregs) are essential for the prevention and control of
excessive and inappropriate immune responses, including allergy-related
processes and asthma (46). In asthmatic patients has observed decreased levels
of these cells Tregs (47, 48) and also observed lower levels of IL-10 compared
to healthy subjects (49, 50). In vitro vitamin D showed improving several actions
of Tregs (51), including promoting those that synthesize IL-10 and depending of

existing levels of vitamin D (52).

- Effects on response to corticosteroids.

It has been described that the CD4+ T cells in peripheral blood of
corticosteroid-resistant asthmatic patients were not able to increase the secretion
of IL-10 in vitro when they received dexamethasone, as opposite that in
corticosteroid-sensible asthmatic patients or in healthy subjects (50). In addition,
supplementation with vitamin D, either by addition of 1,25-OH-D3 to the culture
or by oral supplementation for 7 days of asthmatic patient’s refractory to steroids,
allowed to restore the induction of IL-10 by dexamethasone (50).

Interestingly it has been found that dexamethasone may increase
production of IL-17 from mononuclear peripheral blood cells and CD4+ T cells in
vitro, showing a positive association between the dose of inhaled corticosteroid
and synthesis of IL-17. These data suggest that corticosteroids could contribute
to disease progression in severe asthma for increased response mediated IL-17
(53); while vitamin D has been shown to strongly inhibit the production of IL-17

induced by corticosteroids in vitro (39).
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- Effects on airway remodeling.

Remodeling of the airway in asthma causes reduction in lung function

irreversibly and is poorly controlled with current therapies (54). Some studies
have found that vitamin D is associated with reduced smooth muscle mass airway
(ASM) (55, 56).
It has been found an inverse relationship between ASM and serum levels of 25-
OH-D3 in pediatric patients with asthma (57); and so the addition of vitamin D to
cultures of human ASM has been found to reduce the proliferation of such muscle
cells (58).

4.2. Vitamin D and asthma: Descriptive studies.

In addition to experimental studies described above, there are
observational studies, that found a relationship between plasma levels of 25-OH-
D3 with different aspects of asthma, in both children and adults; and only some

of them will be exposed here.

Bener et al (59) in 2012, conducted a large study of 966 asthmatic children
and their healthy controls, finding that vitamin D deficiency was higher in the
group of asthmatic children (AOR = 4.82, 2.41-8.63).

Six studies investigated the association between plasma levels of 25-OH-
Ds and asthma exacerbations, defined by need of hospitalization or use of
systemic corticosteroids (oral or parenteral) (57, 60-64).
In all of them, except in the study by Gergen et al (63), found that low 25-OH-D3

plasma levels were associated with an increased risk of asthma exacerbations.

In adults, Devereux et al (65), conducted a case-control study in the UK in
2010, selecting 160 adults between 18 and 50 years old and found no significant
association between serum vitamin D levels and the prevalence of asthma (AOR
=0.98 [0.91 to 1 06]).

In the same year, Sutherland et al (66) carried out a cross sectional study

in 54 asthmatic patients over 18 years, non-smoking; measuring the relationship
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between plasma levels of vitamin D and the values obtained in pulmonary
function tests, and found a significant association between higher serum 25-OH-
D3 and better results in pulmonary function tests, measured as FEV1 and the

methacholine test.

In another cross-sectional study conducted in 2013 by Korn et al (67),
serum vitamin D in 280 asthmatics adult patients from Germany were
determined, and stratified depending on the degree of control (in three
subgroups: well controlled, partially controlled and uncontrolled) and asthma
severity (four subgroups: intermittent, mild persistent, moderate persistent and
severe), using the GINA criteria (68). The results obtained were as follows:
plasma levels of vitamin D were lower in the greater severity of asthma and in the
poorer disease control. The odds ratio of patients with severe or uncontrolled
asthma to present inadequate levels (<30 ng / ml) of plasma vitamin D was 1.9
(95% CI: 1.2 t0 3.2) and 2.1 (1.3-3.5) respectively.

In 2014 Confino-Cohen et al (69), selected 21237 asthmatic adults 22-50
years, from Israel, and measured their plasma levels of 25-OH-D3 and so the
number of asthma exacerbations who had submitted during the previous year
(defining exacerbation as prescription oral corticosteroids, prescription > 5 short-
term beta agonists, or more than 4 visits to a doctor for asthma-related
symptoms). Levels of 25-OH-D3 were also measured in non-asthmatic patients,
finding a similar prevalence in both groups. However, found an inverse linear
association between the ratio of asthmatic exacerbations and plasma levels of
25-OH-D3 (p <0.0001).

4.3. Vitamin D and asthma: Clinical Trials.

Among the main clinical trials Vitamin D in asthmatic children till the date,

three of them investigated the influence of vitamin D on asthma exacerbations

(70-72) and another clinical trial (73) studied their relationship to the degree of
asthma control determined by the ACT questionnaire (74).
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In the latter RCT, conducted in 2012, by Lewis et al (73), they selected 30
children with persistent asthma, aged between 6 and 17 years. They were then
randomized in the intervention group (IG), which was administered 1000 |U/day
of vitamin D orally, and in the control group (CG), receiving placebo. They
measured at baseline, at 6 and 12 months later, the serum levels of 25-OH-D3
and the ACT questionnaire (74). As a result, it was noted that all patients except
one, had plasma initial values of 25-OH-D3 below 15 ng/ml and they increased
throughout the study in both groups, but without any of them getting higher values
to 30ng/ml, and also presenting significant variations in these levels depending
on the season (summer or winter).

For the score on the ACT questionnaire in both groups, no significant differences
were found. As conclusion the authors believed that they probably should have
used higher doses of vitamin D, in order to achieve serum levels of 25-OH-D3 >

30ng/ml, and so they may had observed most significant results.

We can find 3 RCTs that investigated the association between vitamin D

supplementation and asthma exacerbations in children (70-72).
In the first one in chronological order, in 2010, by Urashima et al (70), they
selected 167 asthmatic children between 6-15 years of age, being randomized
into the 1G, which received oral supplements 1200Ul/day of vitamin D, and the
CG receiving placebo. Follow-up lasted 16 weeks, during the winter months, and
for which the incidence of influenza A (determined in nasopharyngeal aspirate)
and the number of asthma exacerbations (defined as wheezing improved with
short-acting beta2 agonists) were measured. The results obtained were as
follows: The incidence of influenza A in the group supplemented with vitamin D
was 10.8%, compared with 18.6% of affected children in the placebo group (RR
= 0.58; Cl 95% 0.17 to 0.79; p = 0.006). As conclusion, the authors suggested
that supplementation with vitamin D preparations for the winter season, could
reduce the incidence of influenza A and the number of asthma attacks in children,
but consider that studies should be conducted with a larger sample size.

The second RCT, in 2011, by Majak et al (71), selected 48 children with
newly diagnosed asthma in children aged 5-18 years. They were randomized into
two groups: IG (which was prescribed 500Ul/day of vitamin D orally) and CG (with
placebo). Both groups received 800mcg/day budesonide inhalation. The follow
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up period was 6 months, measuring at the beginning and at the end of the study,
the plasma levels of 25-OH-D3 and the incidence of asthma attacks (defined by
the need for use of short-acting beta2-agonists).

As a result, it was found that the average levels of 25-OH-D3 at baseline were
greater than 30 ng/ml in both groups (35,1ng/ml in the placebo group and
36,1ng/ml in GI), with a subsequent decrease in the levels on the first group at
the end of the study (31,9ng/ml) and a slight increase in the group supplemented
with vitamin D (37,6ng/ml) after 6 months of treatment. They presented 4 asthma
attacks in IG (17%) and 11 in CG (46%) (p = 0.029).

The conclusion of their authors was that supplementation of vitamin D may
reduce the risk of asthma exacerbations, but recommended further studies.

The last of these RCT in children, was published in 2014 (72) in which was
selected 100 asthmatic children (according to the criteria of the GINA 2011), aged
between 3 and 14 years. They were randomized between |G (which received
60.000Ul/month oral vitamin D) and CG (placebo also monthly). The follow-up
period was 6 months, making monthly reviews and found that the number of
asthma attacks during the study was significantly lower in the vitamin D group

compared with the placebo group.

In adults and till the date, we find four main RCTs that studied the influence

of supplementation with vitamin D in adult patients with asthma.

The first one was the VIDA study (Vitamin D Add-on Corticosteroid Therapy
Enhances Responsiveness in Asthma) (75), published in 2014. It was a
multicenter double-blind study, in which 408 patients with symptomatic asthma
(median score on the ACT of 20points and a slight spirometric alteration) and
vitamin D deficiency were included (25-OH-D3 plasma <30ng / ml).

For this study, the researchers created a period of "bleach", in which the previous
asthma treatment of patients was suspended, and all of them were changed to
inhalated ciclesonide (320mcg/day) and levalbuterol for 4 weeks, and added oral
prednisone 40mg/day of in the last week of that month of “bleach”.

The patients were assigned randomly into two groups: the IG that received
vitamin D (once 100,000 U initial, followed by 4000 |U/day orally) and the CG,
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who took placebo in a similar way. Following this randomization, the only
treatment that was maintained for asthma control was inhaled ciclesonide
320mcg/day for 12 weeks; after which patients were retested and those with good
control were reduced the dose to half (ciclesonide 160mcg/day), which was kept
for another 8 weeks; and again were reevaluated and those with good control
were reduced their dose of ICS to half (ciclesonide 80mcg/day) for another 8
weeks. The total length of patient follow-up was 28 weeks.

The main objective in this VIDA study, was the rate of treatment failure and
number of asthma exacerbations among patients who took vitamin D
supplementation or placebo, without finding differences between them. The
researchers only found significant differences in the total dose of ICS at the end
of the study, which was a 25% smaller in the |G with respect to the CG; although
in absolute terms, the total difference in the accumulated dose between the

groups was small (15mcg/day).

In the same year, S.Arshi et al (76), carried out another RCT, in which
selected 108 patients, 10-50 years old, with mild-moderate persistent asthma as
criteria GINA 2012. All patients were treated with ICS (budesonide) with / without
formoterol depending on the degree of control, and then were divided 2 groups:
IG, who received vitamin D (a single dose of 100,000 IU IM, followed by 50,000
IU/week orally) and CG, who were not added any treatment apart from ICS (+/-
beta2). It was therefore an open unblinded study.

All of them were measured FEV1 and plasma levels of 25-OH-D3, prior to
randomization and at weeks 8 and 24 of the study.

As a result, they found an improvement in FEV1 similar in both groups at week
8, while in week 24 the improvement in FEV1 was significantly higher in the
vitamin D group compared to the placebo group.

In the conclusion, the authors described that vitamin D supplementation could
help to improve response to the ICS in the control of asthma at long term,
specifying that at least 24 weeks of supplementation with these preparations

should be used before to observe their immune effects.

In 2015, JC de Groot et al (77), selected 44 non atopic asthmatics patients,
whose induced sputum were eosinophilic (> 3%) and / or neutrophilic (> 53%),
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and all of them had serum 25-OH-D3 were less than 40ng/ml. These patients
were randomized into two groups: the IG, receiving vitamin D (a single dose
of 400.000Ul) and CG, which received one dose of placebo: They all
continued their regular medication for asthma. At baseline and after 9 weeks,
the analysis of induced sputum, pulmonary function tests and questionnaires
AQLQ (Asthma Quality of Life Questionnaire was conducted(78)) And ACQ
(Asthma Control Questionnaire (79)) were determined. As a result, it was
observed that treatment with vitamin D did not significantly affect the total
percentage of neutrophils or eosinophils between IG and CG. Although, in the
group of patients with higher levels of sputum eosinophils (> 26%), it was
observed that this percentage was reduced following treatment with vitamin
D (from 41% to 11.8%) compared with the placebo group, whose percentage
increased (from 51% to 63%, p = 0.034). Also the group of vitamin D showed
slightly better score in the ACQ questionnaire (0.8 in IG and 1.1 in CG; p =
0.08).

In conclusion, the authors suggested that vitamin D could be an adjunctive
therapy to the ICS effective in the subgroup of patients with severe asthmatic

eosinophilic inflammation of the airway.

In the last RCT, carried out by Martineau et al (80), in 2015 and in the UK,
250 asthmatic patients were selected, aged between 16 and 80 years. They
were randomized into two groups: the |G, which received vitamin D
(120.000UI 2 times/month orally for 3 months, followed by a dose of 120,000
IU vo every 2 months until one year), and CG who took placebo in a similar
pattern. The main objective of this study was to investigate whether there were
differences between the two groups in the time to first severe exacerbation
(defined as requiring treatment with oral corticosteroids, hospitalization,
consultation in the emergency department, or decreased PEF>25%) (81).
The results were as follows:

-The prevalence of vitamin D deficiency (<30 ng / ml) in asthmatic patients
was 83%.

-No significant differences between IG and CG was observed in time to first
exacerbation; and there were no differences in the overall rate of

exacerbations or respiratory infections throughout follow-up.
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-The only significant difference between the two groups, was the improvement
in quality of life as measured by SGRQ (questionnaire Sant George (82)) In
the IG respect to CG.

The researchers concluded that supplementation with bolus of vitamin D did
not influence the time to first severe asthma attack or first respiratory infection
in the upper airway in a population of adult asthmatic patients with a high

prevalence of vitamin deficit D.

22

Andijar-EspinosaR, et al. Thorax 2021; 76:126-133. doi: 10.1136/thoraxjnl-2019-213936



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

5. Objectives of the ACVID study.

- Primary: Evaluate the efficacy of vitamin D supplementation in asthmatic

patients with vitamin D deficiency in the degree of asthma control.

- Secondary: Evaluate the efficacy of vitamin D supplementation in those
patients in improving the quality of life, reducing the number of exacerbations,
decreasing the dose of inhaled corticosteroids, the number of oral corticosteroid
cycles, the number of emergency visits, and the number of unscheduled

consultations with the primary care physician and hospitalizations for asthma.
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6. Design and study protocol.

6.1. Design.

It will be a prospective, randomized and triple-blind study, to be carry out
in Morales Meseguer Hospital of Murcia, Spain; which gives health coverage to

an estimated population of 240,000 inhabitants.

Sample size calculation, randomization and analysis of the results will be
performed by a computer program and by a professional statistician, independent

and outside of the studio.

Researchers and patients throughout the study will be unaware which
group of patients belong to IG, who will receive vitamin D supplementation, and

who to CG, who will receive placebo.

6.2. Equipment and funding.

The research team consists of two specialists in Endocrinology, one
specialist in Pneumology and one expert in statistical analysis and data

processing.

Blisters vitamin D and placebo will be provided by the pharmaceutical
company FAES FARMA, essential for blinding them, but without receiving from it
or any other industry any funding or donations. Therefore, the research team for

this study declares no conflict of interest.

24

AndUjar-EspinosaR, et al. Thorax 2021; 76:126-133. doi: 10.1136/thoraxjnl-2019-213936



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Thorax

6.3. Randomization and recruitment.

Patients will be selected from lists of income hospital and in the emergency
department during the years 2013 and 2014, with the main or secondary

diagnosis of asthma.

After this search, all patients will be contacted by telephone and invited to
participate in the study, sending them a flyer for a blood extraction, to identify
those with vitamin D deficiency, and being cited those who accept in a first visit

in consultations of Endocrinology in Morales Meseguer Hospital of Murcia, Spain.

In that first recruiting visit the inclusion and exclusion criteria will be

assessed, and patients will be asked for signing the informed consent (Annex ).

For randomization, random numbers will be generated by computer and
by an external researcher to the study.
Each patient will be assigned to each group by a system of opaque numbered

envelopes, that will be held by the principal researcher.

In the recruiting visit, if considered the inclusion of patients in the study,
the main researcher will open consecutively an envelope with the group of each
patient, identified as "A" or "B" to maintain blinding, without knowing which of

them would correspond to CG or IG.

Patients assigned to one group or another, will be given the ampoules
named as “A” or “B”, ignoring if they contain vitamin D or placebo, while
continuing with their usual medical assistance and habitual treatments for

asthma.

Thl study was approved by the Ethics Committee for Clinical Research
Morales Meseguer Hospital dated 29 April 2015 (Annex II).
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6.4. Inclusion and exclusion criteria.

Patients must be over 18 years, with a medical diagnosis of bronchial
asthma, and have vitamin D deficiency (25-OH-D3 < 30 ng/ml).

Exclusion criteria:

-Tobacco use > 10 pack-years.

- Be already taking vitamin D supplementation.

- Renal-disease (serum creatinine> 2 mg / dl)

- Hypercalcemia (protein corrected serum calcium> 10.5mg / dl).

- Repeated kidney stones (> 2 episodes).

- Diseases affecting ability of intestine to absorb vitamin D (as Crohn's
disease or great intestinal resections).

-Pregnancy or breastfeeding.

- Severe psychosocial problems (dementia, alcoholism or other drug

abuse psychiatric disorders such as major active depression or schizophrenia).

6.5. Study variables.

Data to be collected can be grouped into several subtypes: socio-

demographic, clinical, laboratory and respiratory function; as summarize below:

6.5.1. Socio-demographic data.

- Age.

- Sex.

- Educational level: completed basic, medium or university studies.
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