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Abstract

Objectives—Does excessive sun-exposure, hon-use of sunscreen and/or high doses of vitamin-
D3 supplements provoke exacerbation of asthma?

Design—Clinical examinations, retrospective records-access and questionnaire surveys were
distributed to a convenience sample of allergic-asthma patient (n=183).

Setting—Patients (19-89 years) attending the outpatient respiratory clinics at Maidstone Hospital
were enrolled.

Results—90.3% of patients (total IgE levels =75 KU/L ; n=103) exposed to direct sunlight of >
15 minutes per day continuously for 6-7 days presented with wheeze (2(1) = 7.46; p< 0.05)
compared to only 9.7% patients of similar atopy-status, presenting with wheeze if exposed to
sunlight of < 15 minutes per day for 6-7 days. 68.9% patients (with IgE levels = 75 kU/L ; n=103),
non-users of sunscreen (SPF 30 and above), exposed to direct sunlight of > 15 minutes per day
continuously for 6-7 days developed a wheeze, compared to fewer users of sunscreen (9.7%,
n=103), exposed to the same duration of sunlight who developed asthma symptoms (p< 0.05).
Vitamin-D3 supplementation in asthma-patients with clinical signs of hypovitaminosis-D (n=21),
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produced symptoms of morning chest-tightness (76.2%), allergic rhinitis (61.9%) and wheeze
(100%), 2 weeks after initiation of treatment.

Conclusions—Our results advocate direct sunlight exposure < 15 minutes per day and use of
sunscreen as a novel approach to preventing atopic-asthma symptoms in allergic-asthma patients..
Activated vitamin-D3 is well-recognised to shift the immune-balance towards Th2 predominance,
favouring allergic asthma. These results suggest that limiting subcutaneous synthesis of vitamin-
D3 in asthma patients and re-addressing dosage of vitamin-D3 supplementation is necessary may
contribute to prevent exacerbation of symptoms.
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Introduction

With an increasingly elderly population, prone to falls, fractures and coupled with increased
general bone fragility and/or fracture risk poses a significant challenge for health service
provision. The biomechanical strength of bone declines when bone demineralization (or
"bone-resorption™) exceeds bone deposition or accrual. Conventional treatment to prevent
the bone demineralization that occurs during osteoporosis or osteopenia is with calcium and
vitamin-D supplementations, promoting consumption of a diet rich in calcium and vitamin-
D while encouraging sunlight-exposure to elevate subcutaneous synthesis of endogenous
vitamin-D3.

Subcutaneous synthesis of previtamin-D3 is processed by the liver resulting in 25-
hydroxyvitamin D (25D3), the main circulating "inactive" form of vitamin-D with a half-life
of 15 days. 25D3 is converted to activated vitamin-D3; 1,25(0OH)2-vitaminD3 (1,25D3) by
25-hydroxy-vitamin D-1-a-hydroxylase (CYP27B1) in the kidneys (1, 2). The exposure
levels necessary for optimal subcutaneous vitamin-D3 synthesis is dependent to a certain
extent on skin pigmentation, darker skin colouring require longer exposures to fair skin since
melanin absorbs UV-B radiation in the 290-320 nm range, melanin also serves as a light
filter limiting the incident UV radiation available for the subcutaneous production of
previtamin D3 (3). Clinical estimates of response to UV-light is determined using a
phototyping scale by grading shades of skin colour with the Fitzpatrick scale (4)

Optimal levels of serum 1,25D3 are necessary to facilitate the absorption of calcium in the
intestine via a transporter molecule called calcium-binding protein (CaBP) (also known as:
calbindin-D) (5-8). Thus, vitamin-D3 is essential for normal duodenal absorption of dietary
calcium, particularly in the elderly, although additional vitamin-D3-independent
mechanisms for calcium absorption clearly exist (9).

In the clinical context, vitamin-D3 insufficiency is noted when serum levels of 25D3 is < 25
nmol/L whereas levels of > 50 nmol/L generally indicates sufficiency (10, 11). Vitamin-D3
supplementation is initiated when serum levels indicate hypovitaminosis-D or clinical
judgement warrants it.
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However, vitamin-D3 has another important role as it regulates the balance in T-helper cells
in the immune system; in which T-helper 1 (Th1) cells are pro-inflammatory whereas Th2
cells exert a pro-surveillance/anti-inflammatory influence (12-14).

1,25D3 favours the proliferation of Th2 type cells in culture (15), preferentially switching
the immune-balance to Th2 predominance (16). This is potentially significant in atopic or
allergic asthma in which the cytokines interleukin-4 (IL4) and IL13 drive a Th2- mediated
quiescent yet surveillant immune response.

Asthma has traditionally been considered a disease of the young, but these preconceptions
are changing, with emerging evidence that asthma may be significant in the elderly. In this
age group asthma has often been underdiagnosed, leading to sub-optimal treatment (17-19),
and an increased risk of progression to critical stages, associated with elevated mortality -
risk (20, 21).

Here lies the conundrum:, adequate levels of vitamin-D3 are necessary for optimal
absorption of calcium (for healthy bone-maintenance) from diet, whereas high-levels of
vitamin-D3 could potentially shift the immune balance to one of Th2-predominance,
predisposing patients, especially the elderly, to an increased risk of an exacerbation of atopic
asthma.

Thus, this study was conducted to determine the optimal levels of exposure to direct sunlight
that would facilitate subcutaneous synthesis of vitamin-D3 without causing exacerbation of
asthma symptoms that would be detrimental to lung function especially in elderly asthmatic
patients.

Selection of patients with asthma, clinical criteria

Patients either referred for management of asthma from primary care or from previous
admission to our respiratory specialist unit for asthma-exacerbations were approached for
initial screening and possible inclusion into the study. Criteria for the diagnosis of asthma
were as recommended by the 2016 British Thoracic Society (BTS)/ Scottish Intercollegiate
Guidelines Network (SIGN) guidelines. Briefly, this included a documented history of
recurrent coughing, wheeze, dyspnoea on exertion or at rest, improvement of symptoms with
use of B2 agonists and detailed clinical assessment (22).

Diagnosis of asthma was confirmed by previous demonstration of one of the following (i)
reversibility of airflow obstruction (defined as improvement in FEV1 by 12%) in 20 minutes
following inhalation of a short-acting bronchodilator (eg. two puffs of 100 micrograms of
Salbutamol) or (ii) =>20% increase in diurnal variability in peak expiratory flow rate (PEFR)
for 3 days in a week or over several weeks or (iii) = 20% PEFR increase on standard asthma
treatment (22).
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Recruitment and enrolment of participants to the study

Patients (>18 years of age) with a previously confirmed asthma diagnosis (by bronchodilator
reversibility testing and/or by diurnal PEFR variability), clinical assessment and a confirmed
history of atopy with raised allergen-specific immunoglobulin E (IgE) or positive
radioallergosorbent test (RAST) to at least one aero-allergen (from documented history in
case-notes) (23, 24) were approached for recruitment into the VIDAS (Vitamin D in atopy
syndromes) study. Inclusion and exclusion criteria are summarised in table 1. Written
informed consent was obtained from each patient and documented in the allocated section at
end of the questionnaire, following the explanation of the aims of the study by the members
of the research team.

Design of the questionnaire and study

This was a cohort study on a convenience sample size (n=183), recruited from a patient
population demonstrating a history of atopy and asthma. The questionnaire (designed
following extensive feedback from colleagues and patients) was distributed to all consenting
inpatients and those attending follow-up outpatient respiratory clinics at Maidstone General
Hospital (Maidstone, UK) between November 2015 and March 2016. The content of the
questionnaire is akin to a standard clinical history-taking session, including an assessment of
the vitamin-D status and their personal assessment of their nutritional and life-style choices.

The VIDAS questionnaire was designed to address the lack of suitable validated
questionnaires to assess the effect that consumption of nutrition containing vitamin-D,
vitamin-D supplementation, life-style choices and subcutaneous synthesis of vitamin-D can
have on various respiratory symptoms in asthma.

Evaluation of amount of sunlight exposure in patients

Patients were asked via the VIDAS questionnaire, how much sunlight exposure they were
exposed to, for the purpose of statistical analysis, the responses were collected in three
groups, (i) less than 15 minutes of exposure, (ii) 15-30 minutes exposure or (iii) > 30 mins
exposure.

Data of sunlight exposure and pollen counts

Duration of sunlight between November 2015 and March 2016 for the geographical area
surrounding Maidstone, Kent, UK was obtained from the webservice "Timeanddate.com"
(Stavanger, Norway) using the "sunrise and sunset calculator" option (25). Data for the UK
pollen and spore counts are maintained by the Midlands Asthma and Allergy Research
Association, MAARA (26, 27).

Ethics and institutional approvals

The study was approved by the Maidstone and Tunbridge Wells (MTW) NHS Trust
Research & Development Department, the MTW-Trust Audit department and the
Institutional Review Board of MTW NHS Trust. The study was carried out in accordance
with GCP guidelines (28). All patients were treated appropriately with due care as per the
requirements in the Declaration of Helsinki (29).
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Results were analysed using descriptive statistics. Chi square and the Fisher's exact test was
used to test for independence and associations. All statistical analysis was carried out using
SPSS ver 23 (IBM Corp), with P<0.05 considered as statistically significant.

250 patients were initially identified as being suitable for enrolment into the study; however
a total of 183 patients finally consented to participating in the study over a staggered period
of 4 months. Non-participants cited time as a factor, anxiousness whilst waiting for their
outpatient appointments while others declined participation without stating reasons.

Of the patients recruited, 40 % were males and, 60% females, between the ages of 19 and 89
years, with the distribution of age ranges shown in Figure 1. It is important to note that,
47.6% of males and 79% of female participants were aged = 50. There was only one
participant in the study from a non-Caucasian background, and although that patient (male)
was of mixed Asian origin, he had fairly fair skin pigmentation.

All patients recruited to this study lived locally, within the catchment area of the hospital
covering the south of West-Kent and the north of East-Sussex. Questionnaires were
delivered by hand, to patients at their outpatients' appointment, forms were returned and
checked by a member of the research staff, and thus the response rate was 100% for this
study.

The average duration of daily sunlight hours, in the area of Kent, during the months of
November 2015 and March 2016 (the period of the study) was among the lowest in a year
(winter to early spring in the United Kingdom), averaging between 8 and 11 hours per day
(Figure 2).

Patients in this study with a clinically documented rise in specific IgE while demonstrating
symptoms of wheeze and other symptoms of atopy were classified as having a "wheeze due
to atopic causes". A total of 103 patients fell into this category, presenting with symptoms of
atopic wheeze.

Exposure to direct sunlight of =15 minutes per day for a continuous period of 6-7 days
produced symptoms of atopic-wheeze in 93 patients (90.3%, n=103) compared to only 10
(9.7%, n=103) patients who developed atopic wheeze when exposed to direct sunlight of
<15 minutes per day for a continuous period of 6-7 days (Figure 3a).

The Chi-square test was used to check if the development of atopic wheeze in asthma
patients was independent of (not associated with) the duration of direct sunlight they were
exposed to. However, the results indicated that a significant correlation was found, (x2 (1) =
7.46; P < 0.05), the duration of direct sunlight that asthma patients were exposed to, in
excess of 15 minutes per day continuously for 6-7 days, did influence the development of
wheeze among asthma sufferers (Figure 3b).

J Aging Res Clin Pract. Author manuscript; available in PMC 2018 May 11.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

D'Cruz et al.

Page 6

There were fewer total number of patients who presented a wheeze from non-atopic causes
in relation to the influence of the duration of exposure to direct sunlight (n=14, Figure 3).
The Fisher's exact test was used to explore the association between non-atopic wheeze and
the duration of direct sunlight exposure. A significant association between the duration of
daily sunlight and the development of wheeze was noted, (Figure 3a; P = 0.018), indicating
that these asthma patients, despite not having a rise in their total IgE levels, were
significantly affected by sunlight exposure.

The use of sunscreen among patients with asthma was investigated in this study, since
subcutaneous vitamin-D3 synthesis would be reduced when the transmission of ultra-violet
light to the skin is impeded. The majority of patients (68.9%, n=103) who presented with a
wheeze "associated with atopic causes" (specific IgE levels = 75 kU/L), were not habitual
sun-screen users, even when they ventured outdoors and were exposed to direct sunlight for
approximately >15 mins per day (Figure 4a).

We used the Chi-square test to explore if unimpeded subcutaneous synthesis of Vitamin-D3,
by non-use of sunscreen, when exposed to sunlight = 15 mins per day, continuously for 6-7
days, has any effect on the development on wheeze.

The results showed a significant association between the non-use of sunscreen and the
development of wheeze (x 2 (1) = 10.098; P < 0.05). This strongly suggested that unimpeded
synthesis of subcutaneous vitamin-D3 from not using sunscreen, contributes to the
development of wheeze in patients with serum levels of IgE = 75 kU/L.

Figure 4b shows the majority of patients that presented with wheeze without any "associated
atopic causes" (specific IgE levels < 75 kU/L and no concomitant symptoms of atopy), were
habitual users of sun-screen (SPF 30 and above) whenever they were exposed to direct
sunlight (73.33%, n=15). The Fisher's exact test showed that a significant association exists,
correlating the use of sun-screen and the development of wheeze (P=0.002) in patients with
serum levels of IgE < 75 KU/L. These results are opposite to findings in figure 4a, where the
majority of atopic wheeze is seen among the non-users of sunscreen.

In addition we observed the gradual clinical manifestation of mild symptoms commonly
noted in an exacerbation of asthma (wheeze, chest tightness, dyspnoea) in patients who were
being treated for low serum vitamin-D3 levels (25D3 concentration < 25 nmol/L) or clinical
signs of hypovitaminosis-D (high risk of fragile bones, osteoporosis or displaying clinical
symptoms of osteomalacia, hypocalcaemia or Paget's disease) with 800 units of
cholecalciferol (D3), once daily as recommended by the standard UK medical guidelines
(30).

Two weeks after initiation of treatment, patients had reported mild symptoms of wheeze
(100 %, n=21), dyspnoea and chest tightening on waking in the morning (76.2%) and mild
symptoms of allergic rhinitis; 61.9% (Table 2). As there was no clinical need for
determination of serum total IgE levels for these patients, we do not know the serum-atopy
status of these patients.
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Discussion

Given the emerging evidence linking vitamin D3 with the progression of asthma, this study
presents evidence in support of the hypothesis that elevated sunlight exposure exacerbates
atopic wheeze, particularly in more mature patients.

The demographics of this study showed a preponderance of females to males 3:2 (P=0.001)
asthma patients. This is probably reflective of the population demographics in Kent, where
51% of the population was female (total population in Kent = 1.46 million (31)). Our data
also showed a shifting trend in the demographics of asthma, once regarded to be a disease of
the young, where 79% of female asthma patients and just under half of all male asthma
patients were over the age of 50. Previously, inadequate knowledge about the disease,
impairment of cognitive function, and non-optimal inhaler techniques all contributed to high
mortality figures in the elderly asthma patient, however with better public educational
resources, this trend is beginning to reverse.

We conducted our study during the winter-months, when sunlight-dependent vitamin-D
synthesis in subcutaneous tissue is at its synthesis, would be lowest point in the calendar.
Vitamin-D is usually synthesised as a result of the conversion of a precursor found under the
skin following activation by ultra-violet radiation, UVB (wavelengths 270-300nm) from the
sun (32). As a result, normal plasma calcium levels can be maintained if patients have
sufficient sunlight exposure. It is widely recognised that approximately 15 minutes of
exposure per day is sufficient to allow optimal subcutaneous synthesis of vitamin-D (33,
34). However, during the winter-months in countries situated north of the tropic of cancer,
patients often record low-vitamin D levels due to a combination of unpleasant cold
temperatures limiting their time outdoors and the reduced daylight hours with overcast skies
(35). This study evaluated the responses of patients in three categories of sun-exposure
duration-times and correlated them with adverse respiratory symptoms. We hope to extend
the study in future to examine other molecular markers that might be upregulated on
subcutaneous light exposure such as calcidol (a Vitamin-D metabolite), p53 and c-Jun
(transcription factors that are upregulated on UV exposure) and Toll-like receptor-9 (CD
289 ; an activator of the innate immune system) (36).

Epidemiological studies carried out previously have shown that Vitamin-D deficiency is
significantly associated with the development of asthma and is a useful predictor for the risk
of developing asthma in future (37). Epidemiological studies and experimental research
demonstrating the association of Vitamin-D with asthma have been reviewed extensively
elsewhere (38, 39), however few studies have addressed the duration of exposure of direct
sunlight or the amount of vitamin-D either by prescription supplementation or diet and its
impact on the exacerbation of symptoms in asthma. Our study explores the link between the
duration of exposure to sunlight and the development of symptoms in asthma, particularly
wheeze.

Wheeze can arise from various causes including "non-atopic causes" that can manifest
during upper-respiratory-tract infections (40 , 41) without the concomitant symptoms of
atopy (eg. conjunctivitis, atopic dermatitis, immune-urticaria, allergic rhinitis) or without a
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rise in specific IgE or high total IgE (>75kU/L). IgE is the antibody class that is produced in
response to allergic reactions, usually raised in exacerbations of symptoms in asthma which
is why, omalizumab, the humanised antibody against the Fc receptor of IgE, is such an
effective treatment for patients with severe allergic asthma (42).

Our data indicate that exposure to direct sunlight for more than 15 minutes per day,
continuously for nearly a week produced wheeze in a significant number of patients with the
concomitant rise in IgE levels above 75 kU/L (Figure 3a). However, we also noted a similar
sunlight-induced elevation in wheeze in patients who did not show a concomitant rise in IgE
levels (Figure 3a). Thus, the development of wheeze was unlikely to be due to aeroallergens
which would have triggered the increase in total serum IgE levels. As the duration of
sunlight was the key variable in this observation, and since significantly less numbers of
patients developed a wheeze if their daily exposure to direct sunlight was limited to less than
15 minutes per day. This supports the hypothesis that promoting the subcutaneous synthesis
of vitamin-D3 may have been responsible.

If this is the case, then the use of sun-screen (SPF 30 and above) should theoretically
improve the symptoms in asthma patients with atopic wheeze. We observed significant
numbers of patients not using sun-screen developed wheeze with a rise in total IgE, whereas
lower numbers of patients presented with wheeze among those that used sunscreen and had
high IgE levels. Thus, in patients with high total IgE and wheeze, the use of sunscreen was
beneficial, presumably limiting the amount of subcutaneous Vitamin-D synthesis. This is
also a positive message to asthma sufferers since the use of adequate UV protection is
preventative against the development of cutaneous squamous cell carcinoma (43).

However, it was confounding to note that significant numbers of patients with lower IgE
levels (< 75kU/L) who habitually used sun-screen developed a wheeze. One possible
interpretation for these results is that patients who had low circulating IgE levels and yet
exhibiting symptoms of wheeze predominantly from inflammatory causes, were "Th1-
switched" (Figure 4b). Patients fighting off an infection (with an immune balance switched
to Thl) often present with acute wheezing through the production of pro-inflammatory
mediators such as interleukin-1 (IL-1), IL-12, and I1L-18, tumour-necrosis factor (TNF),
interferon gamma (IFN-v), and granulocyte-macrophage colony stimulating factor),
triggering a systemic neutrophilic response. This leads to pulmonary neutrophilia (44), with
subsequent airway injury, remodelling, and small airway constriction contributing to wheeze

Throughout this study, the subcutaneous synthesis of vitamin-D3 from exposure to sunlight
was indirectly implied since we were unable to directly measure the levels of vitamin-D3 in
a cohort that were actively being exposed to sunlight. A rational approach to test the
contribution of vitamin-D3 levels to the development of asthma symptoms would be to
administer vitamin-D to patients, then observing the development of wheeze, however such
a study would be ethically unjustifiable.

However, we observed the development of mild asthma symptoms in patients who had low
serum vitamin-D levels (< 25 nmol/L) and/or had clinical signs of hypovitaminosis-D, thus
having a clinical need for the administration of cholecalciferol (a vitamin-D3 supplement).
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21 patients in this study were on treatment for hypovitaminosis-D and were treated with
cholecalciferol. These patients had their asthma symptoms under good control at the outset
(no wheeze, no chest-tightening or dyspnoea). We accept that the sample size for this
observation was small, and therefore statistically under-powered, further observational trials
probably involving multiple hospital sites is warranted.

As the asthma symptoms were mild, treatment for hypovitaminosis under senior clinician-
care continued. The symptoms recorded for each of these patients were managed clinically
with success by titrating their inhaler medication. These observations strongly suggest the
role of vitamin-D3 in shifting the balance of the immune system towards a Th2 predominant
balance, where symptoms of atopic wheeze predominate.

The threshold levels for hypovitaminosis-D are still under debate. However, the UK National
Osteoporosis Society has applied threshold levels recommended by the US Institute of
Medicine (IOM); serum levels of 25D3 > 50 nmol/L should be recognised as vitamin-D
“sufficient” (45, 46). The treatment of patients, presenting with clinical symptoms of
hypovitaminosis-D, with supplements is a necessary measure. However, we propose that the
dosage of vitamin-D supplementation needs to be readdressed for asthmatic patients.

Limitations of the study

Unfortunately, selection bias cannot be ruled out in this study, despite the fact that home
visits were offered to those who were unable to come to the research centre. Older and more
infirm subjects did not participate in the study to the same extent as younger and healthier
individuals. Consequently, the group of non-participants were comprised of relatively older,
and probably frailer, subjects than those in the study population.

The study was conducted between the months of November and March, due to cold ambient
conditions during this period, we expect that limited amount of skin would be exposed and
therefore the application of sunscreen would be to less exposed areas than if the study were
conducted in the summer-months. It was difficult to determine the amount of exposed areas,
we hope to carry out a longer study incorporating assessment of all the months during the
year, to address this limitation in this study.

This study exposes a very difficult and important conundrum; high vitamin-D is important
for healthy-bones in a mid-elderly population prone to falls and fractures, but conversely
high levels can worsen some lung-conditions. Recommending high-levels of vitamin-D
supplementation or life-style choices that encourage high natural synthesis of vitamin-D in
those at risk from falls and fractures can predispose an elderly asthmatic patient to frequent
asthma exacerbations which can sometimes be fatal. Our study proposes that 15 minutes of
direct sunlight exposure is sufficient to facilitate optimal subcutaneous synthesis of Vitamin-
D3 that maintains bone-integrity among the vulnerable elderly population while keeping
asthma symptoms at bay.

This study explores a number of areas in asthma, the importance of Vitamin-D and raises a
number of questions that could be designed as separate studies for future research,
particularly the appropriate dosage of vitamin-D supplementation in asthmatics. We aim to
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cruit larger numbers of asthma patients, in multiple hospital sites over a wider

geographical area in order to refine and further elaborate the various findings noted in this
study.
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Figure 1. Distribution of gender and age of participants in the study
The study enrolled patients from a diverse age distribution, 47.6% of males and 79% of

female participants were above the age of 50
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Duration of daily sunlight between August 2015-July 2016
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Figure 2. Duration of daily sunlight observed in Kent, England Aug 2015-July-2016
Results compiled for the town of Maidstone from the webservice — “Timeanddate.com”,

Stavanger, Norway (24).
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Figure 3. Development of wheeze after exposure to direct sunlight
Serum total IgE levels were determined following presentation of wheeze. Wheeze

associated with levels of total IgE = 75 kU/L was interpreted clinically as a positive atopic
reaction to aeroallergens (house dust mites, pollens, mould or animal dander), common in
allergic asthma whereas wheeze manifesting with low IgE levels (IgE< 75kU/L) is
commonly associated with an infectious aetiology such as an upper respiratory infection.
The number of asthma patients in each category is shown above the bars, there were a total
of 103 patients who presented with wheeze due to atopic aetiology and 14 who presented
with wheeze while also experiencing an upper respiratory tract infection with low total IgE
levels (non-atopic wheeze).
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Figure 4. The effect of using sun-screen (impeding the subcutaneous synthesis of vitamin-D3) on
the development of wheeze when patients are exposed to direct sunlight for = 15 mins per day

(a) 68.9% (n=103) of patients who did not use sun-screen whenever being exposed to direct
sunlight developed an atopic-wheeze (IgE = 75 kU/L), compared to 31.1% of patients who
were habitual users of sunscreen. (b) 73.33% of patients (n=15) who were habitual users of
sunscreen and with 1gE levels < 75 kU/L developed wheeze compared to 26.67% who did
not use sun-screen.
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Table 1

Inclusion and Exclusion criteria of the VIDAS study

Inclusion criteria

Exclusion criteria

Patients with an established diagnosis of asthma as defined
by the guidelines of the British Thoracic Society (21, 45)

Positive documented test results in medical history to at
least one aeroallergen (house dust mites, pollens, mould
and animal dander)

Positive documented medical history of atopy

Participants should be = 18 years of age

Be able to give written informed consent

Participants should be able to fill out the questionnaire form
in English or if necessary, fill them out competently with
the aid of a suitable interpreter

Patients unable to give written informed consent

Documented history of significant asthma exacerbation 6 weeks prior to
enrolment into the study

Smoking history with = 10 pack years or history of giving up smoking
(cigarettes, cigars, pipes, roll-ups) of < 1 year.

Pregnancy either at enrolment or during trial

Patients undergoing hyposensitisation therapy (allergen immunotherapy) (46) or
receiving immunotherapy for asthma.

Patients with cardiac failure, ejection fraction of < 30% or wheeze due to cardiac
causes.

Patients with cardiac failure, ejection fraction of < 30% or wheeze due to cardiac
causes.

Patients with significant electrocardiographic abnormalities
Patients with BMI = 30

Patients with other diagnosis of lung diseases such as COPD, bronchiectasis,
emphysema, cystic fibrosis, sarcoidosis, interstitial lung disease, pulmonary
fibrosis or lung cancer.
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Table 2

Manifestation of asthma symptoms in patients treated with cholecalciferol (vitamin-D3) for low serum

vitamin-D levels

Number of patients on treatment for clinically determined low vitamin-D3 levels (< 30 nmol/L) 21

Manifestation of the following symptoms two weeks after taking vitamin-D3 supplements

Wheeze

21 (100 %) ; n=21

Breathlessness and chest tightness on waking in the morning 16 (76.2%) ; n=21

Symptoms of allergic rhinitis (sneezing, itchy eyes, watery eyes (epiphora), runny nose (rhinorrhea). 13 (61.9%); n=21

Page 18

Patients treated for low vitamin-D levels reported the manifestation of mild symptoms of asthma presenting approximately two weeks after taking

vitamin-D3 supplements.
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