Role of vitamin D in asthma

Asthma is a prevalent disease that leads to high morbidity and healthcare costs. The search for prevention
and better treatment strategies is ongoing. Vitamin D deficiency has been shown to occur commonly and
is associated with poorer asthma control measures. As the understanding of the biological effects of
vitamin D emerges, there appears to be strong evidence for an important role of vitamin D in the respiratory
and immune systems. Discovering the complexities of the functions of vitamin D may extend the possibilities
of vitamin D use to include prevention and/or treatment of asthma. This article explores what is known
about vitamin D, and its known and potential role in asthma.
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The prevalence of asthma has been increasing
in parallel with trends in vitamin D deficiency.
Some researchers have suggested a causal link
between vitamin D deficiency and the develop-
ment of asthma [1], while others have suggested
vitamin D supplementation, rather than defi-
ciency, as the link [2.3]. Wjst ez a/. published two
ground-breaking articles concerning the relation-
ship between the increase in asthma and allergy
prevalence and the start of vitamin D supplemen-
tation in foods. These articles suggested that sup-
plementation of vitamin D has a potential causal
role in increased asthma prevalence [2.3]. By con-
trast, Litonjua and Weiss were among the first to
suggest vitamin D deficiency due to an affluent
life spent mainly indoors as a causative factor for
increased asthma and allergy prevalence [1].

Reasons for vitamin D deficiency occurring
despite recommendations of supplementation
include increased time spent indoors in indus-
trialized countries, and the use of sunscreen and
covering when outside to offset risks of skin
cancer. Therefore, researchers have begun to
examine the roles and functions of vitamin D
in an attempt to clarify its possible associa-
tion to asthma. The metabolism of vitamin D
from sunlight, as well as dietary sources, will be
explained. A review of studies examining vita-
min D levels will be explored in an effort to show
the relationship between lower vitamin D levels
and less asthma control, even in individuals with
apparent high sunlight exposure.

Asthma is a complex disease with multiple
postulated pathogenic mechanisms. How these
mechanisms could relate to vitamin D will be
summarized briefly later, reviewing the genetics
of the vitamin D receptor (VDR) and vitamin D
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cholecalciferol

ergocalciferol Tregs vitamin D
and the relationship with the immune system,
particularly the Thl and Th2 responses. In the
allergic asthma phenotype, there is an increase
in Th2 cytokines, such as IL-4, IL-13 and IL-5,
which are important for IgE synthesis and eosi-
nophilia in the airways. There is also a pheno-
type that involves neutrophilic infiltration of
the airways, with Th17 cells producing I1L-23
and IL-17.

Furthermore, there has been an established
link between CD4*CD25* regulatory T cells
(Tregs) and asthma. An x-linked deficiency
in these cells causing immunodysregulation,
polyendrocrinopathy and enteropathy (IPEX)
leads to an increase in autoimmune and aller-
gic diseases. This helped establish the role of
Tregs in allergic asthma. When functioning
normally, CD4*CD25" Tregs will suppress
Th2 responses, inhibiting cytokine release and
the allergic asthma response. This role may be
defective or overcome by allergen-driven path-
ways in patients with allergic disease. Therefore,
the ability to restore CD4*CD25* Treg func-
tion could be a potential therapeutic goal in
allergic asthma patients [4]. The role of vita-
min D in restoring CD4*CD25* Tregs will be
discussed later.

The interaction of vitamin D with bronchial
smooth muscle, including its role in inflamma-
tion, will be discussed, with a separate discus-
sion on the impact of vitamin D on respiratory
infections. The role of vitamin D in patients
with steroid-insensitive asthma is also discussed,
as well as other aspects of the relationship of
asthma and vitamin D, such as the association
of vitamin D and asthma onset, and vitamin D
and asthma control.
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Vitamin D types
Ergocalciferol (vitamin D,)
Cholecalciferol (vitamin D,)

Prohormone calcidiol
(25[0OH]D)
Calcitriol (1,25[0H],D,)

25-hydroxyvitamin D-24-
hydroxylase (CYP24)
25-hydroxyvitamin D-1
o-hydroxylase (CYP27B1)
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Vitamin D synthesis & metabolism

Vitamin D can be obtained from diet and sun
exposure. Ultraviolet B rays from sunlight expo-
sure convert 7-dehydrocholesterol present in the
skin to previtamin D,,
vitamin D,. Owing to lifestyle changes causing
individuals to spend the majority of their time
inside and avoid the risk of sun-induced skin
cancer, most people living in developed countries

which eventually becomes

do not receive sufficient vitamin D from sun-
light exposure alone. Even in areas of the world,
such as Costa Rica, where lifestyle and climate
allow for significant sun exposure, it has been
discovered that inhabitants are still vitamin D
deficient [s]. Therefore, dietary consumption of
vitamin D is important, but difficult to acquire
in sufficient quantities. Dietary vitamin D is
found in fish, such as mackerel and salmon, but
is also fortified in grains and dairy products [6].
Once vitamin D, is formed, it is converted to
25-hydroxyvitamin D (25[OH]D,) in the liver.
The kidney then transforms it to its active form,
1,25-dihydroxyvitamin D (1,25[OH],D,).
Catabolism of active 1,25(OH),D, and inac-
tive 25(OH)D to calcitroic acid occurs by
25-hydroxyvitamin D-24-hydroxylase (CYP24)
(Tate 1 & Ficure 1) [7]. This process is controlled by
the parathyroid hormone in order to keep a tight
balance on calcium and vitamin D levels [¢].
However, this tight endocrine control does not
appear to play an important role in vitamin D
regulation in nonendocrine processes, such as its
role in immunity [8].

Vitamin D levels in the blood are best
assessed via 25(OH)D, values. Controversy
continues over what levels should be consid-
ered normal. Generally, deficiency is defined as

Definition and function

Plant-derived form of vitamin D

Produced in the skin of vertebrates after exposure to
ultraviolet B light from the sun or artificial sources,
and occurs naturally in a small range of foods. In
some countries, staples, such as milk, flour and
margarine, are artificially fortified with vitamin D, and
it is also available as a supplement in pill form

Formed in the liver from vitamin D, in the blood

The biologically active form of vitamin D, converted
in the kidneys or by monocyte macrophages in the
immune system from circulating calcidiol

Enzyme that converts active 1,25 (OH),D, and
inactive 25(OH)D to calcitroic acid

Enzyme present in the kidney that converts 25(0H)D
to 1,25(0H),D,
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levels less than 10 ng/ml, insufficiency between
10 and 20 ng/ml with borderline levels con-
sidered between 20 and 30 ng/ml, and normal
levels greater than 30 ng/ml. However, some
researchers suggest levels above 40 ng/ml as a
more appropriate normal cut-off. There is also
likely to be a difference in levels needed for bone
health and levels needed for immune health.
Serum 25(OH)D,; levels are dependent on mul-
tiple factors, including, but not limited to, diet,
sunlight exposure, race and age. Therefore, the
amount of vitamin D supplementation cannot

be clearly defined.

Vitamin D levels

Multiple studies have demonstrated a high
prevalence of vitamin D deficiency, despite
adequate sun exposure and supplementation
and fortification of foods. Adults from Hawaii
(USA) and inhabitants of Costa Rica (as men-
tioned previously) were found to have low
serum 25(OH)D, levels, despite high levels
of sun exposure [5.9]. Another study of Puerto
Rican farmers with reported sun exposure of
32-70 h/week found two out of 18 individuals
with 25(OH)D, level of less than 30 ng/ml [10].
Both of these studies relied on self-reported sun
exposure, which could be inaccurate. However,
they still reveal that sun exposure alone is likely
inadequate to create normal vitamin D levels.
Explanations for relatively low 25(OH)D, levels
in individuals with apparently high levels of sun
exposure include inadequate production in the
skin, increased degradation or abnormalities
in transport from the skin to the circulation.
There is evidence of both decreasing conversion
of 7-dehydrocholesterol to previtamin D, with
advancing age, as well as abnormalities in the
ability of the skin to regulate vitamin D pro-
duction [9]. However, the exact mechanism that
affects the process of 1,25(OH),D, produc-
tion via the skin is still unclear. There are also
known racial differences in skin production of
vitamin D as well. Increased skin pigmentation
inhibits the production of vitamin D, (chole-
calciferol) [11]. In a study by Gutiérrez ez al.,
50% of subjects were found to be vitamin D
deficient. Broken down into race, 28 % of white
subjects were deficient compared with 58% of
Mexican—American and 81% of black subjects.
These authors considered vitamin D defi-
ciency to occur at less than 20 ng/ml, whereas
most experts place the cut-off at 30 ng/ml. If
30 ng/ml was used as a cut-off, 67% of white
individuals are vitamin D deficient, compared
with 89% of Mexican—Americans and 96% of
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25-hydroxyvitamin D,
(calcidiol)

Isomerize

Previtamin D, Vitamin D,

(cholecalciferol)
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1,25-dihydroxyvitamin D,
(calcitriol)

—_—
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25-hydroxylase

Figure 1. Metabolism of vitamin D. 7-dehydrocholesterol, found in the skin, is converted via UVB sunlight to previtamin D. This
isomerizes to vitamin D, (cholecalciferol). In the liver, vitamin D, is converted via 25-hydroxylase to 25-hydroxyvitamin D, (calcidiol).
Calcidiol is then converted via Ta-hydroxylase to 1,25-dihydroxyvitamin D, (calcitriol), which is the active form of vitamin D.

UVB: Ultraviolet B.

black people [12]. Therefore, vitamin D defi-
ciency and insufficiency are common, especially
in darker-skinned individuals.

Genetics

The VDR gene is located on the long arm of
chromosome 12, a region commonly linked to
asthma, and was discovered to be present in most
body tissues [13]. This led to the assumption that
vitamin D plays a role in many different organ
systems in addition to its well-known skeletal
effects. In its active form, 1,25(OH)2D3 acts as
a gene transcription factor. It binds to the VDR
and, subsequently, is dimerized with the retinoic
x receptor and translocated to the nucleus. In
the nucleus, it binds to the vitamin D response
elements within the promoter region of the DNA
and is involved in the transcription of more than
200 proteins (8,14]. Genetic analysis in multiple
studies has found contradicting evidence on the
importance of VDR polymorphisms in relation
to asthma and allergies [13].

Local vitamin D production

The enzyme 25-hydroxyvitamin D-1 a-hydrox-
ylase (CYP27B1) is present in the kidney, and
converts 25(OH)D to 1,25(0OH),D,. Conversion
of 25(OH)D to its biologically active form
1,25(OH), D, is not exclusively controlled via the
parathyroid, calcium, calcitonin and phospho-
rus pathway present in the kidney. Respiratory

epithelium, similar to many tissues and cells,
can express CYP27B1, creating an environment
with high 1,25(OH),D,. This occurs secondary
to infections, such as respiratory syncytial virus,
but not in response to Toll-like receptor (TLR)
activation. Hansdottir ez 2/. showed that in the
presence of 1,25(OH),D,, activation by myco-
bacterial ligand of TLR2/1 caused increased
cathelicidin and increased macrophage kill-
ing of mycobacteria [14]. TLRs and IFN-y can
also increase expression of CYP27BI1 activity
on many cells, including epithelial cells, kerati-
nocytes, activated macrophages and dendritic
cells. They also increase VDR expression, lead-
ing to 24-hydroxylase activation, which converts
vitamin D to an inactive form [7]. These pro-
cesses help to maintain a steady-state system in
tissues. However, TLRs and IFN-y also act to
inhibit 24-hydroxylase activity, both via indi-
rect inhibition of VDR and direct inhibition via
STAT 1o [15].

Vitamin D & immunity

The VDR is found on antigen-presenting
cells, either constitutively or as an inducible
receptor. Activation of VDR on dendritic
cells causes suppression of the dendritic cell
with downregulation of costimulatory recep-
tors. The overall effect of vitamin D on the
immune system depends upon where it acts [8].
When monocytes/macrophages are exposed
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to 1,25(OH)2D3, they have increased phago-
cytosis and chemotaxis necessary to fight
infection [15].

Vitamin D results in suppression of T cells
directly and indirectly through suppression of
antigen-presenting cells. Studies have shown
Thi cell suppression by 1,25(OH),D, (Ficure 2).
Thl cells secrete IFN-y, IL-2 and TNF-a.. The
activation of Thl cells is important in response
to pathogens, including bacteria, viruses and
tumors. 1,25(OH),D, decreases the production
of IL-2 and IFN-y, with a loss of suppression
seen in VDR-knockout mice [16]. However, as
discussed later, the putative role of vitamin D
in infections is complex.

Studies on the effects of 1,25(OH),D, on Th2
cells are not completely congruent. The litera-
ture reveals both suppression and enhancement
of the Th2 response (Ficure 2) [6]. VDR-deficient
mice were unable to develop allergic asthma after
attempted ovalbumin (OVA) sensitization [17].
However, it has been suggested that this may be
secondary to increases in IgE antibodies, seen
in VDR-knockout mice, saturating the mast cell

FceRl, preventing binding of the OVA-specific

Lymph nodes

T T-regulatory cells,
T Th1 and

N Th2

{ MMP-9 and
ADAMS3 —
I remodeling
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antibodies. The result is lack of mast cell acti-
vation owing to inability of sensitization not
attributable to the effects of 1,25(OH),D, and
the VDR [18]. Other studies have demonstrated
that 1,25(OH),D, created a developmental
stage-specific effect, halting final maturation of
FceRI expressing late mast cells and inducing
apoptosis in early mast cell progenitor cells [18].
Matheu ez al. reported a dual role, both stimula-
tory and inhibitory, of 1,25(OH) ,D, toward the
Th2 response [19]. Another study using OVA-
sensitized mice demonstrated that, after topi-
cal application of 1,25(OH)2D3, CD4+*CD25*
cells had an increased ability to suppress Th2
cell-driven immune response. Naturally occur-
ring CD4*CD25" cells are known to have the
ability to suppress Th2 responses via IL-10 and
TGE-B. However, in this experiment there was
no increase in IL-10 and TGF-f production. In
addition, there was no increase in CD4*CD25*
proliferation. Further evidence of Th2 suppres-
sion by 1,25(OH),D, was seen in human cord
blood that expressed decreased levels of Th2
cytokines IL-4 and IL-13 after 1,25(OH),D,
exposure in cell culture [20].

T Monocytes,
macrophages
{ Dendritic cells

{ RANTES —
4 T cells, basophils
and eosinophils

Figure 2. Known mechanisms of vitamin D on the pulmonary and the immune system.

Vitamin D causes an increase in monocyte and macrophage activation, and a decrease in activation
of dendritic cells, as well as expression of costimulatory molecules, such as CD80/86 and CD40. In
smooth muscle, there is decreased production of MMP-9 and ADAM33, which decrease remodeling.
In the airway, vitamin D causes decrease in RANTES, which decreases recruitment of T cells, basophils
and eosinophils to the airway. Vitamin D also causes an increase in Tregs with a decrease in Th1 cells.
There is conflicting research concerning the role of vitamin D on Th2 cells, with both suppression and
enhancement reported.

ADAMS33: Disintegrin and metalloprotease domain-containing protein 33;

MMP: Matrix metalloproteinase.
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It appears that 1,25(OH),D, has both the
ability to modulate cells to regulate the adaptive
immune response, as well as enhancing the innate
response via cathelicidin production, important to
fight infection [21]. In VDR-knockout mice, there
is lymphadenopathy with an increased proportion
of dendritic cells found. This suggests an inhibi-
tory and regulatory effect of 1,25(OH),D, on
dendritic cell maturation (Ficurs 2) [22]. However,
the relevancy of mice data to humans has been
questioned, since mice are nocturnal mammals,
which may have evolved nonvitamin D-dependent
pathways that function to regulate immunity.

Studies have shown that 1,25(OH) D, causes
increases in IL-10 and decreases in IL-12 produc-
tion with downregulation of costimulatory mol-
ecules, such as CD40 and CD80/86 all resulting
in decreased T-cell activation [23-26]. IL-10 can
be released by Tregs, and acts to suppress both
Th1 and Th2 responses [27]. This is accomplished
through inhibition of antigen-presenting cell
function and cytokine production. There are two
main types of Tregs. The first are naturally occur-
ring CD4*CD25", and the second are inducible
IL-10- and TGF-B-producing Tregs [28]. While
studying the effects of 1,25(OH),D, in Tregs, it
was discovered that 1,25(OH),D, was involved
in upregulation of IL-10 and TLR9. When a
TLRY agonist, CpG oligonucleotide, was added
to cells incubated with 1,25(OH),D,, there was a
decrease in IL-10 production. This is thought to
be the mechanism by which 1,25(OH),D, allows
for both response to infection and regulation of
inflammation. When 1,25(OH),D, is present, it
both allows for an initial innate immune response
to infection via TLR9 with initial downregula-
tion of IL-10, and increases IL-10 via Tregs to
control the inflammatory response to protect
the host from collateral damage. 1,25(0OH),D,
has also been shown to interact with TLR1 and
TLR2 to enhance innate immunity [27].

Testing on peripheral blood mononuclear
cells pretreated with 1,25(OH),D, revealed
enhancement of MKP-1 and IL-10 providing
more evidence for an anti-inflammatory role

of 1,25(0H),D,.

Vitamin D & bronchial

smooth muscle

Bronchial smooth muscle undergoes hypertro-
phy and hyperplasia, contributing to airway nar-
rowing [29]. Bronchial smooth muscle also plays
a role in airway inflammation via secretion of
chemokines and cytokines, as well as expression
of cell-adhesion molecules and TLRs 30). Owing
to the large impact that bronchial smooth
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muscle plays in asthma, the role of vitamin D
in regulating bronchial smooth muscle function
has been examined.

The effect of 1,25(0OH),D, on passively sen-
sitized human bronchial smooth muscle cell
proliferation and matrix metalloproteinase
(MMP)-9 and disintegrin and metalloprotein-
ase domain-containing protein 33 (ADAM33)
expression were examined by Song er al. [31].
MMP-9 is an extracellular matrix protein that
is involved in airway remodeling via the enzy-
matic degradation of the extracellular matrix.
MMP-9 increases eosinophil migration and
affects smooth muscle cell migration and pro-
liferation. ADAM33 also plays an important
role in airway remodeling. Song ez al. revealed
that 1,25(OH),D, had antiproliferative activity,
causing arrest of the cell cycle in the G1 phase.
Also, there was downregulation of MMP-9 and
ADAM33 by 1,25(OH)2D3 (FIGURE 2) [31,32].

Bosse ez al. used microarray technology and
real-time PCR to demonstrate gene expres-
sion of prostaglandin F synthase in bronchial
smooth muscle in response to vitamin D [29,32].
Prostaglandin F synthase is involved in produc-
tion of PGD, and PGF,, which are responsible
for early recruitment of T cells to the lung after
allergen exposure and also inactivates cortisol,
an anti-inflammatory molecule. In contrast to
other studies, these data suggest a beneficial
effect of lower vitamin D levels with regard to
asthma [29,32].

The VDR was discovered to be present both
at the mRNA transcript and protein level in air-
way smooth muscle [29]. Upon stimulation of
the VDR with 1,25(0H)2D3, there is increased
expression of 24-hydroxylase on bronchial
smooth muscle [33].

Banerjee ef al. examined bronchial smooth
muscle treated with TNF-o and/or IFN-y for
24 h in the presence of 1,25(OH),D, and/or the
glucocorticoid fluticasone. RANTES, a chemo-
kine known to recruit monocytes, eosinophils
and T cells, was decreased dose dependently by
1,25(0OH),D,, suggesting an anti-inflammatory
role of 1,25 (OH)2D3 (FIGURE 2) [30].

Vitamin D & infections

In infants requiring hospitalization for viral
bronchiolitis, there is a significantly increased
risk of asthma by the age of 13 years of 43%),
compared with 8—10% in the normal popula-
tion. Infections are also a major exacerbating
factor for asthma [34]. Therefore, the role of vita-
min D in the prevention of infection could be
important with regard to both possible asthma
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development and exacerbations. In a large pop-
ulation-based study, Pingsheng and colleagues
reported an increase in asthma prevalence in
infants born in winter virus-peak months, a
time also known to be associated with lower
vitamin D levels. Infants who were approxi-
mately 4 months of age during this virus peak
time had an increased incidence of bronchioli-
tis and development of childhood asthma [34].
Another study found a decrease in viral upper
respiratory tract infections and influenza in
black women given vitamin D supplementa-
tion [35]. The same authors conducted a follow-
up to this study between December 2006 and
March 2007 enrolling 162 patients in a rand-
omized, double-blind, placebo-controlled trial
of vitamin D supplementation using a higher
dose of vitamin D at 2000 international units
(IU) versus the previous study, which used
only 400 IU. Supplementation up to 2000 IU
has been stated to be safe according to the
Food and Nutritional Board of the Institute
of Medicine. The results were not significant,
possibly owing to the fact that patients were
started on supplementation during the winter
cold virus season, and there was an insufficient
time for vitamin D levels to increase, which
usually takes 3 months after supplementation.
The authors also report that their study may
have been underpowered [36].

More promising results were demonstrated
in two other randomized, double-blind con-
trolled studies. The first was conducted in
Japan, randomizing children age 6-15 years
to 1200 IU or placebo, starting in December
2008 and ending in March 2009. In total,
334 children were followed to the end of the
study, with similar dropout rates in each group,
and compliance via diary logs at 96%. The
results found a significant decrease in influ-
enza A diagnosis in children on vitamin D
supplementation, but not influenza B [37]. The
second study was in a Finnish population of
164 adult males randomized to 400 IU of vita-
min D or placebo in October 2005. The results
reported no difference in workdays missed for
respiratory illness, but there was a decreased
hazard ratio for workdays missed owing to a
respiratory tract infection in the men taking
vitamin D [38].

It has been proposed that vitamin D
increases the production of antimicrobial pep-
tides, such as defencin, which blocks mem-
brane fusion of influenza and other viruses
to the respiratory epithelium, thus blocking
infection. Overall, vitamin D enhances the
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innate immune response, therefore possibly
accounting for the decreases in the incidence
of infection [37].

Vitamin D & steroid insensitivity
Although most asthmatics respond well to
inhaled corticosteroids, there are approxi-
mately 15% of asthmatics that are considered
steroid insensitive. Fractalkine is a steroid-
resistant chemokine that recruits mast cells
to airway smooth muscle. Its expression on
tracheal smooth muscle cells is inhibited by
1,25(OH) ,D,in steroid-resistant asthmatics [30].
Glucocorticoids have also been found to increase
the production of IL-10 from CD4* and CD8*
T cells. The administration of dexamethasone
and 1,25(OH),D, resulted in an increase of
IL-10-producing T cells that made negligible
Th1 and Th2 cytokines. In steroid-resistant
patients, there is no increase in IL-10 synthesis
after glucocorticoid administration. However, if
IL-10 and 1,25(OH),D, were added to cell cul-
tures from steroid-resistant patients, the CD4*
cells were able to produce IL-10 in amounts
comparable to steroid-sensitive patients when
stimulated with glucocorticoids [39]. Similarly,
oral ingestion of 1,25(OH),D, by steroid-resist-
ant patients enhanced their response of IL-10
production to dexamethasone administration,
which is clinically relevant (39]. A recent study
in children found that a lower serum vitamin D
level inversely correlated with need for inhaled
steroid use, oral steroid use and total steroid
dose [40]. A possible explanation for this obser-
vation is that low vitamin D levels contribute
to the severity of asthma, requiring the increase
in steroid administration. A second theory is
that vitamin D is involved in the glucocorticoid
pathway, where vitamin D deficiency leads to
increased steroid requirement. Another explana-
tion could be that children with asthma are less
likely to go outside owing to asthma triggers,
such as allergens, exercise or climate; therefore,
they have decreased sunlight exposure, resulting
in decreased vitamin D levels. However, stud-
ies discussed previously have shown that even
high levels of sunlight exposure do not ensure
adequate vitamin D levels. Therefore, the time
spent indoors does not necessarily correlate with
serum vitamin D levels.

Vitamin D & asthma onset

Many studies have been — and are being — con-
ducted in order to determine the potential role
of vitamin D in asthma development. Initial
studies examined prenatal and early vitamin D
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supplementation. Three retrospective analyses of
children looked at maternal consumption of vita-
min D and wheezing. In each study, the high-
est maternally reported vitamin D consump-
tion was protective. Reports discussed an up to
62% reduction in recurrent wheeze at 3 years
of age, a 67% reduction in persistent wheeze at
5 years of age but no association with spirom-
etry or exhaled nitric oxide levels, and an inverse
correlation between vitamin D dietary intake,
but not supplementation, on asthma (defined
as physician diagnosis of asthma with either
symptoms of asthma, such as wheezing or being
on asthma medication, in the last 12 months)
(41-43]. A recent study by Camargo ez al. exam-
ined the association of cord blood vitamin D
levels and wheezing, risk of respiratory infec-
tions and asthma at 5 years of age. This analysis
revealed increased incidence of respiratory tract
infections and wheezing in children with low
vitamin D cord levels, without any association
found between vitamin D levels and incident
asthma at 5 years of age. This supports a role for
vitamin D in decreasing wheezing episodes that
may be secondary to respiratory infections, but
does not support a role for vitamin D in asthma
development. However, vitamin D levels were
only analyzed at birth, so there may be a dis-
crepancy in the initial vitamin D levels reflecting
maternal levels and the serum vitamin D levels
of the children during the first 5 years of life [44).

An increased risk of asthma and atopy with
supplementation of vitamin D in the first year of
life and in children born to mothers with higher
serum vitamin D levels during pregnancy was
found in two other studies. However, of note,
the analysis in these two studies was univariant,
and did not attempt to account for any potential
cofounding variables, and one study had a high
rate of subjects lost to follow-up (61.8%) [5.4s).
Another explanation for the apparently contrast-
ing results of vitamin D effects on asthma and
atopy development could be owing to a dual con-
centration-dependent role of vitamin D. A cohort
study revealed a bimodal response of IgE to serum
25(OH)D, levels with increased IgE seen at very
low (<25 nmol/l or <10 ng/ml) and very high
(>135 nmol/l or 54 ng/ml) serum 25(OH)D, lev-
els [46]. A study conducted in Costa Rica found
an inverse correlation between serum 25(OH)D,
level and IgE and blood eosinophils. Subjects in
this study had serum 25(OH)D, levels, ranging
from 12.5 to 98.1 ng/ml. After adjustment for
anti-inflammatory medication use, only IgE lev-
els remained significantly associated with serum

25(OH)D, levels fs].
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Vitamin D & asthma control

A key question is whether serum vitamin D
levels correlate with asthma control and lung
function. Black and Scragg, using the Third
National Health and Nutrition Examination
Survey (NHANES III) data, showed a dose-
dependent positive association between serum
25(OH)D, and forced expiratory volume in
1's (FEV). These results retained significance
when adjusted for multiple potential con-
founding factors, including physical activity.
Since these data are based on a cross-sectional
survey, causality cannot be determined [47].
Another study found serum 25(OH)D, lev-
els inversely correlated with increased airway
responsiveness. Higher vitamin D levels were
also associated with a decreased incidence of
asthma-related hospitalization in the previous
year [46]. In the Childhood Asthma Program
(CAMP) study, there was an increase in severe
asthma exacerbations measured by hospital
and emergency room visits in subjects with
vitamin D deficiency. They also demonstrated
lower FEV | values in subjects with lower vita-
min D levels. In this study, sufficient levels of
vitamin D were considered those greater than
30 ng/ml [48]. A retrospective study, conducted
at National Jewish Health (CO, USA), exam-
ined the comparison of serum vitamin D levels
to lung function and atopy in children. They
reported an inverse correlation with FEV, per-
centage predicted and forced expiratory vol-
ume in 1 s/forced vital capacity (FEV :FVC)
ratio and vitamin D level. Subjects were also
found to have an increased risk of positive skin-
prick testing to indoor allergens if they had
lower serum vitamin D levels [40]. Several other
studies have reported the same correlation
with improved lung function in both adults
and children with sufficient vitamin D levels
(>30 ng/ml) [49-s1].

Conclusion & future perspective

Future studies need to prospectively study vita-
min D supplementation prenatally, in infancy
and beyond, to determine any effects on
development of asthma. Also, studies need to
examine vitamin D supplementation, in a ran-
domized, controlled fashion, and the effects on
asthma control, focusing both on impairment
and risk domains, to allow for a better under-
standing of the role of vitamin D in asthma.
Indeed, there are many gaps in our true under-
standing of the complex role of vitamin D in
asthma and other diseases. Even deciding on
dosing for supplementation is an issue. It is likely
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that levels of vitamin D needed to contribute to
bone health are different to the levels needed to
regulate immune processes [36]. Future studies
will be necessary to clearly identify how and if
vitamin D might fit into asthma care strategies.
Once these studies are completed, physicians
will be better able to determine appropriate
vitamin D supplementation recommendations

for lung health.
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Executive summary

Vitamin D receptor

= The vitamin D receptor is found in most body tissues.

= It is involved in the transcription of more than 200 proteins.

Vitamin D action on immune cells

= Increase in monocyte and macrophage activity to fight infection.

= Decrease in dendritic cell proliferation and expression of costimulatory molecules, such as CD40, CD80 and CD86.
= Decrease in Th1 cells and Th1 cytokines, such as IFN-y, IL-2 and TNF-a..

= Either increase or decrease in Th2 cells and Th2 cytokines IL-4, IL-5 and IL-13.

= Increased activity of Tregs and IL-10 production.

Vitamin D & bronchial smooth muscle

= Decreased RANTES, an important chemoattractant for T cells, basophils and eosinophils.

= Decreased matrix metalloproteinases and metalloprotease 33, causing decreased airway remodeling.

= Increase in prostaglandin F synthase (AKR1C3) causing increase in PGD, and PGF,, which are proinflammatory.

Vitamin D & asthma onset

= A total of three studies found a positive association between maternal vitamin D intake and decreased childhood asthma and wheeze.

= Opposite trends were demonstrated in two other studies.

Vitamin D & asthma control

= The Third National Health and Nutrition Examination Survey data showed a dose-dependent positive association between serum
25-hydroxyvitamin D and forced expiratory volume in 1s (FEV,).

= Serum 25-hydroxyvitamin D levels inversely correlate with increased airway responsiveness.

= Higher vitamin D levels associated with a decrease in asthma-related hospitalization in the previous year.

= Increase in severe asthma exacerbations measured by hospital and emergency room visits in subjects with vitamin D deficiency, as well as
lower FEV, values in subjects with lower vitamin D levels.

= Inverse correlation with FEV, percentage predicted and forced expiratory volume in 1 s/forced vital capacity (FEV,:FVC) ratio and
vitamin D level.

Conclusion

= Vitamin D is likely to have a role in asthma, but the exact role and mechanism are still unclear.

= There is a need for prospective studies on vitamin D both prenatally and in infancy. As well as in the management of asthma.
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